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Abstract 
 This study assessed the genetic diversity of Rumex nervosus in southern Saudi Arabia using RAPD, 
ISSR, and combined RAPD-ISSR markers. A total of 218 RAPD and 211 ISSR bands were produced, with 
polymorphism rates of 47.7% and 63.5%, respectively. The highest polymorphism was recorded in primer 
OPE-3 (67.5%) for RAPD and UBC 826 (83.8%) for ISSR. Dendrogram analysis revealed distinct clusters 
with varying linkage distances, reflecting genetic relationships shaped by geographic proximity and 
ecological adaptation. The highest genetic similarity was observed between Bahat Rabiea and Alssawda 
(84.9% RAPD), Bahat Rabiea and Alothrban (82.9% ISSR), and Tabab and Bahat Rabiea (100% RAPD-
ISSR). Conversely, the lowest similarity (16.7% RAPD-ISSR) occurred between Abha and Tabab, and Abha 
and Bahat Rabiea, indicating strong genetic divergence. These findings confirm that geographic isolation and 
genetic factors influence population structure, providing valuable insights for conservation, genetic resource 
management, and evolutionary and ecological research in the region. 
 

Introduction 
 The genus Rumex, belonging to the Polygonaceae family, encompasses approximately 250 
species with a cosmopolitan distribution (Desta et al. 2016). Rumex nervosus is a perennial 
herbaceous species occurring across Yemen, Saudi Arabia, Ethiopia, Somalia, Kenya, and 
Tanzania. In traditional medicine, R. nervosus has been utilized for the treatment of inflammatory 
diseases, wounds, typhus, rabies, and dermatological disorders (Al-Sunafi 2016, Ibrahim et al. 
2024). Additionally, its stem has demonstrated potential therapeutic applications for urease-related 
disorders (Khan et al. 2014), and its crushed leaves, combined with wheat flour, are employed in 
ethno-veterinary medicine to address cattle constipation (Alyemeniet al. 2010). Through GC-MS 
and HPLC various phytochemicals and vitamins were identified from this plant (Al Yahya et al. 
2018). Molecular markers have proven indispensable for investigating genetic diversity, 
phylogenetics, and population structure across plant taxa. Techniques such as RAPD and ISSR 
offer robust tools for assessing genetic variation due to their efficiency, simplicity, and cost-
effectiveness (Mir et al. 2021). RAPD (Random Amplified Polymorphic DNA), a PCR-based 
approach, amplifies random DNA sequences, facilitating the analysis of genetic variation across 
multiple loci without requiring prior sequence knowledge (Gogoi et al. 2020). ISSR (Inter-Simple 
Sequence Repeats) markers, similarly sequence-independent, are particularly valued for their high 
reproducibility and ability to uncover polymorphic patterns in genomes (Trieu et al. 2016). These 
methods have been widely applied to characterize genetic diversity and structure in plant species 
(Dasgupta et al. 2015, Tiwari et al. 2015,Ait Bella et al. 2021, Ahmed and Islam 2024).  
 In the present study, genetic variability among populations of R. nervosus collected from 
seven distinct geographic locations in the Aseer region of Saudi Arabia was analyzed using 
RAPD, ISSR, and hybrid RAPD-ISSR molecular markers. These tools facilitated an in-depth 
investigation of genetic diversity, providing insights into the population structure of this species 
and contributing to its genetic characterization. 
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Materials and Methods  
 Rumex nervosus specimens were obtained from seven distinct locations within the Aseer 
region of Saudi Arabia. The altitudes of these sites were recorded as follows: Rejal Almea 
(1512.53 m), Billahmir (2002.63 m), Abha (2234 m), Tabab (2400 m), Alothrban (2289 m), 
Alssawda (2751 m), and Bahat Rabiea (2563 m).  
 Genomic DNA was isolated from fresh young leaves of the collected plants using the DNeasy 
Plant Mini Kit (QIAGEN, USA). DNA concentration was quantified using a Thermo Scientific™ 
BioMate 3S UV-Visible spectrophotometer at 260 nm, and the purity was evaluated by the 
OD260/OD280 absorbance ratio. A ratio of 1.7 was considered indicative of high-quality DNA. 
DNA integrity was assessed using 1% agarose gel electrophoresis. 
 Amplified DNA fragments obtained from RAPD-PCR, ISSR-PCR, and combined RAPD-
ISSR-PCR reactions were separated on 1.5% agarose gels using a 1 kb DNA ladder (100–10,000 
bp). Visualization and documentation of DNA bands were performed with a gel documentation 
system (ProXima AQ-4) and a UV transilluminator operating at 365 nm. 
 Primers used in the study were divided into three categories: seven RAPD markers, seven 
ISSR markers, and seven combined RAPD-ISSR markers. The RAPD primers and their sequences 
were as follows: Oligo345 (5'-GCG TGA CCC G-3'), Oligo42 (5'-TTA ACC CGG C-3'), 
Oligo211 (5'-GAA GCG CGA T-3'), OPL-3 (5'-CCAGCAGCTT-3'), HB 15 (5'-GC GTC GTG 
GTG GC-3'), OPE-3 (5'-CCAGATGCAC-3'), and OPJ-1 (5'-CCCGGCATAA-3'). The ISSR 
primers and their sequences were as follows: Primer 3 (5'-TGGATGGATGGATGGA-3'), 
UBC823 (5'-TCTCTC TCT CTC TCT CC-3'), Primer 2 (5'-GA 
GAGAGAGAGAGAGAGAGAGAGA-3'), UBC826 (5'-ACA CAC ACA CAC ACA CC-3'), 
UBC842 (5'-GAG AGA GAG AGA GAG ACG-3'), ISSR06 (5'-GAG AGA GAG AGA GAG 
AC-3'), and Primer 5 (5'-GA GAGAGAGAGAGAGA CG-3'). 
 The mixed RAPD-ISSR primers as follows: Primer A (Oligo211 + Primer 2), Primer B 
(Oligo211 + Primer 2 + OPJ-1 + UBC842), Primer C (Oligo211 + Primer 2 + OPJ-1 + UBC842 + 
HB 15 + Primer 5), Primer D (Oligo211 + Primer 2 + OPJ-1 + UBC842 + HB 15 + Primer 5 + 
OPL-3 + ISSR06), Primer E (Oligo211 + Primer 2 + OPJ-1 + UBC842 + HB 15 + Primer 5 + 
OPL-3 + ISSR06 + Oligo345 + UBC823), Primer F (Oligo211 + Primer 2 + OPJ-1 + UBC842 + 
HB 15 + Primer 5 + OPL-3 + ISSR06 + Oligo345 + UBC823 + OPE-3 + UBC826), and Primer G 
(Oligo211 + Primer 2 + OPJ-1 + UBC842 + HB 15 + Primer 5 + OPL-3 + ISSR06 + Oligo345 + 
UBC823 + OPE-3 + UBC826 + Oligo42 + Primer 3). 
 PCR reactions were conducted in 25 µl reaction volumes containing 12.5 µl of GoTaq Green 
Master Mix, 7 µl of primer, 5 µl of genomic DNA, and nuclease-free water to adjust the final 
volume. Amplification was carried out using a PTC 200 Peltier Thermal Cycler (MJ Research, 
USA). The PCR protocol included an initial denaturation step at 99°C for 5 min, followed by 49 
cycles of denaturation at 92°C for 1 minute, annealing at 29°C for 1 min, and extension at 72°C 
for 2 min, with a final extension at 72°C for 7 min (Vendramin et al. 2014). Clustering was 
performed using Ward’s method with Euclidean distance and, additionally, with the Community 
Analysis Package (CAP, version 6.0; Pisces Conservation Ltd., Lymington, UK), where similarity 
matrices and UPGMA dendrograms were generated to illustrate genetic relationships. 
 
Results and Discussion  
 The results indicate that the markers varied in their effectiveness in detecting genetic 
differentiation among populations. For RAPD, seven primers produced 218 stable bands, 
including 104 polymorphic bands (47.71%), 9 monomorphic bands (4.13%), and 105 unique 
bands (48.17%). The highest polymorphism rate (67.5%) was observed in primer OPE-3, while 
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the lowest (28.5%) in Oligo 345 (Fig. 1. Panels A and C). The dendrogram generated using 
Ward’s method with Euclidean distance grouped the locations into two primary clusters at a 
linkage distance of 76.8 (Fig. 1. Panel B). The first cluster comprised genotypes from Rejal 
Almae, Billahmir, and Abha, which were further divided into two subclusters, with Abha 
separated from Rejal Almae and Billahmir. The second cluster included the Tabab genotype as an 
outgroup, distinct from those of Bahat Rabiea, Alssawda, and Alothrban. This cluster also split 
into two subclusters, with Alothrban clearly separated from Bahat Rabiea and Alssawda.  
 

 
 Fig. 1. Panel A: RAPD profiles of Rumexnervosus populations (1–7: Rejal Almae, Billahmir, Abha, Tabab, Bahat Rabiea, 

Alssawda, Alothrban; M: 1 kb ladder). Panel B: Dendrogram of genetic relationships. Panel C: Summary of total 
bands/primer, polymorphic, monomorphic, unique bands, and % polymorphism. 

 
 RAPD marker analysis revealed considerable variation in genetic similarity among the studied 
populations, based on binary presence/absence data and simple matching coefficients. These 
values offer critical insights into the genetic architecture, historical gene flow, and evolutionary 
dynamics across populations. The highest genetic similarity was recorded between Bahat Rabiea 
and Alssawda (84.9%), followed by Alssawda-Alothrban (78.4%) and Bahat Rabiea-Tabab 
(76.6%) (Table 1). These elevated values suggest strong genetic affinities, likely reflecting recent 
gene flow, shared ancestry, or convergence under similar environmental pressures. Notably, the 
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close relationship between Alssawda and Alothrban points to substantial genetic exchange or a 
common evolutionary history. In contrast, the lowest similarity values were observed between 
Billahmir-Tabab (50%) and Rejal Almae-Tabab (50.9%), indicating marked genetic divergence. 
These differences may be attributed to geographic isolation, genetic drift, or localized adaptation 
leading to restricted gene exchange. Moderate similarity levels were observed in several 
population pairs, including Rejal Almae-Billahmir (62.4%) and Abha-Tabab (64.2%), suggesting 
partial genetic connectivity or shared lineage. Rejal Almae exhibited intermediate similarity with 
Abha (60.1%), Bahat Rabiea (56%), Alssawda (56.4%), and Alothrban (57.8%), indicating 
historical gene flow or similar ecological influences. Similarly, Billahmir showed moderate 
affinities with Abha (55.5%), Bahat Rabiea (55.1%), Alssawda (52.8%), and Alothrban (52.3%). 
Abha consistently demonstrated mid-range similarity with most populations, Bahat Rabiea 
(58.3%), Alssawda (58.7%), and Alothrban (59.2%), suggesting it may function as a genetic 
intermediary within the region, potentially linking divergent gene pools (Table 1). These results 
demonstrate the efficiency of RAPD markers in detecting genetic variability, which is consistent 
with the findings of Fernandez et al. (2002). 
 
Table 1. Genetic similarity among seven populations ofRumex nervosus based on RAPD, ISSR and 

RAPD-ISSR markers.  
 

Population pair RAPD (%) ISSR (%) Mixed RAPD-ISSR 
(%) 

Same population 100 100 100 
Rejal Almae - Billahmir 62.4 57.8 91.7 
Rejal Almae - Abha 60.1 54 66.7 
Rejal Almae - Tabab 50.9 40.3 50 
Rejal Almae - Bahat Rabiea 56 37 50 
Rejal Almae - Alssawda 56.4 41.2 41.7 
Rejal Almae - Alothrban 57.8 36 41.7 
Billahmir - Abha 55.5 64 41.7 
Billahmir - Tabab 50 46.5 41.7 
Billahmir - Bahat Rabiea 55.1 42.2 41.7 
Billahmir - Alssawda 52.8 45.5 33.3 
Billahmir - Alothrban 52.3 41.2 33.3 
Abha - Tabab 64.2 69.2 16.7 
Abha - Bahat Rabiea 58.3 54.5 16.7 
Abha - Alssawda 58.7 55 41.7 
Abha - Alothrban 59.2 56.4 41.7 
Tabab - Bahat Rabiea 76.6 78.7 100 
Tabab - Alssawda 70.6 71.6 75 
Tabab - Alothrban 60.1 73.9 58.3 
Bahat Rabiea - Alssawda 84.9 82.5 75 
Bahat Rabiea - Alothrban 70.6 82.9 58.3 
Alssawda - Alothrban 78.4 80.6 83.3 

 
 Using ISSR primers, a total of 211 bands were recorded (Fig. 2. Panels A and C). Among 
these, 134 bands (63.51%) were polymorphic, 9 bands (4.27%) were monomorphic, and 68 bands 
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(32.23%) were unique. Primer UBC 826 exhibited the highest polymorphism rate (83.8%), while 
primer UBC 842 showed no polymorphism. The dendrogram constructed from ISSR data using 
Ward’s method with Euclidean distance grouped the genotypes into two major clusters at a linkage 
distance of 112 (Fig. 2. Panel B). The first cluster comprised genotypes from Rejal Almae, 
Billahmir, and Abha, further divided into two subclusters: one containing Rejal Almae, and the 
other including Billahmir and Abha. The second cluster grouped the genotype from Tabab as an 
outgroup, distinct from the genotypes of Bahat Rabiea, Alssawda, and Alothrban. Within this 
group, Alssawda was clearly separated from Bahat Rabiea and Alothrban. 
 

 
Fig. 2. Panel A: ISSR profiles of Rumexnervosus populations (1-7: Rejal Almae, Billahmir, Abha, Tabab, Bahat Rabiea, 

Alssawda, Alothrban; M: 1 kb ladder). Panel B: Dendrogram of genetic relationships. Panel C: Summary of total 
bands/primer, polymorphic, monomorphic, unique bands, and % polymorphism. 

 

 ISSR marker analysis revealed notable variation in genetic similarity among R. nervosus 
populations, reflecting differences in genetic structure and evolutionary relationships. The highest 
similarity values were observed between Bahat Rabiea and Alothrban (82.9%), Bahat Rabiea and 
Alssawda (82.5%), and Alssawda and Alothrban (80.6%), indicating strong genetic connectivity 
likely due to shared ancestry, gene flow, or similar environmental pressures. Tabab also showed 
relatively high similarity with Alssawda (71.6%) and Alothrban (73.9%), suggesting its inclusion 
within this genetically cohesive group. In contrast, Rejal Almae showed the lowest similarity 
values, particularly with Alothrban (36%) and Bahat Rabiea (37%), suggesting significant genetic 
divergence potentially driven by isolation or local adaptation. Moderate similarities between Rejal 
Almae and Billahmir (57.8%) and Abha (54%) indicate limited connectivity. Abha displayed 
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intermediate similarity with several populations and may serve as a genetic link between more 
distinct groups. Overall, the data reveal a structured genetic pattern in R. nervosus, with close 
relationships among Bahat Rabiea, Alssawda, Alothrban, and Tabab, and marked differentiation of 
Rejal Almae (Table 1). These findings highlight the roles of gene flow, geography, and adaptation 
in shaping population structure. 
 In the case of mixed primers (Fig. 3. Panels A and C), only primers (C) and (G) produced 
reproducible bands, while the other primers failed to generate any bands. Together, these two 
primers produced a total of 12 reproducible bands, of these, 8 (66.67%) were polymorphic, and 4 
(33.33%) were unique. Neither primer generated any monomorphic bands. Primers (A), (B), (D), 
(E), and (F) did not produce any detectable bands, which may be attributed to the high number 
ofprimers in a single PCR reaction. This may due to competition for binding sites, increased 
primer-dimer formation, and nonspecific amplification. Additionally, the inherent complexity of 
the plant genome may further contribute to the lack of amplification. This issue requires further 
investigation to identify the precise cause and optimize the reaction conditions. 
 

 
Fig. 3. Panel A: Mixed RAPD-ISSR profiles of Rumexnervosus populations (1–7: Rejal Almae, Billahmir, Abha, Tabab, 

Bahat Rabiea, Alssawda, Alothrban; M: 1 kb ladder). Panel B: Dendrogram of genetic relationships. Panel C: 
Summary of total bands/primer, polymorphic, monomorphic, unique bands, and % polymorphism. 

 

 The first cluster contained genotypes from Rejal Almae, Billahmir, and Abha, which split into 
two subclusters: one separated Abha from Rejal Almae and Billahmir. The second cluster 
comprised genotypes from Tabab and Bahat Rabiea, which showed 100% similarity. Genotypes 
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from Alssawda and Alothrban formed a separate clade within the same cluster.The combined 
RAPD–ISSR analysis revealed the highest genetic similarity between Tabab and Bahat Rabiea 
(100%), followed by Alssawda and Alothrban (83.3%), and then both Tabab–Alssawda and Bahat 
Rabiea–Alssawda (75%). These results suggest strong genetic cohesion, likely attributable to 
shared ancestry or ongoing gene flow. In contrast, Abha exhibited very low similarity with Tabab 
and Bahat Rabiea (16.7%), reflecting significant genetic divergence, likely due to geographic or 
ecological isolation. Rejal Almae showed high similarity with Billahmir (91.7%) and moderate 
similarity with Abha (66.7%), suggesting partial connectivity. However, its similarity with 
Alssawda and Alothrban (41.7%) was lower, indicating genetic differentiation. 
 Billahmir also showed limited similarity with most populations, particularly with Alssawda 
and Alothrban (33.3%), reinforcing its relatively distinct genetic position.Overall, the combined 
marker data suggest a clear genetic cluster comprising Tabab, Bahat Rabiea, Alssawda, and 
Alothrban, while Abha, Rejal Almae, and Billahmir appear more genetically isolated to varying 
extents (Table 1). 
 These populations may share some genetic traits while also displaying divergence due to local 
adaptations or genetic drift. These results aligned with the findings of Alsenidi et al. (2018), who 
demonstrated that various biomarkers, including RAPD, ISSR, and the combined RAPD-ISSR 
approach, effectively distinguished between the genotypes of Nicotiana glauca plants in the Abha 
region, Saudi Arabia.  
 The study revealed clear genetic differentiation among R. nervosus populations, especially 
with RAPD and ISSR markers, and indicated that geographical and ecological variation, 
particularly differences in altitude among the studied sites (ranging from 1512.53 m in Rejal 
Almea to 2751 m in Alssawda) and their geographical location, may play an important role in 
shaping the observed genetic divergence. The findings of Nagaoka and Ogihara (1997) 
demonstrate that environmental and geographical isolation can drive genetic differentiation in 
plant populations. The genetic relationships observed in this study are consistent with those 
reported in other species, such as Trigonella (Sundaram and Purwar 2011) and Chrysanthemum 
(Wolff and Peters-van Rijn 1993), where RAPD and ISSR markers effectively distinguished 
populations based on genetic variation. The genetic differentiation observed in this study can be 
attributed to both geographical distances between populations and ecological factors such as 
climate and altitude (Moustafa et al. 2016,Hassan et al. 2021, Al-Qarni et al. 2024). Similar trends 
have been reported in other species, where populations from higher altitudes showed greater 
genetic variation due to harsher environmental conditions (Hu et al. 2010). The genetic variability 
observed among R. nervosus populations reflects the complexity of evolutionary processes acting 
at the species level. The RAPD and ISSR markers in this study provided valuable insights into the 
genetic variation within R. nervosus. The results revealed varying degrees of genetic similarity, 
with some populations exhibiting substantial divergence, while genetic connectivity may be 
influenced by geographic proximity. 
 In conclusion, altitudinal variation, geographic separation, and ecological factors collectively 
shape the genetic structure of R. nervosus. RAPD and ISSR markers proved to be effective tools 
for assessing genetic relationships, and the findings underscore the importance of incorporating 
these factors into conservation strategies to preserve the species’ genetic diversity. 
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