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Abstract 
Cowpea is an important leguminous crop known for its nutritional value and contribution to 

maintaining soil fertility. Therefore, it is an important crop for ensuring food security in tropical 

and subtropical agricultural systems. However, the narrow genetic basis of the crop limits 

further recombination and breeding and makes it more susceptible to evolving biotic and 

abiotic stresses. This study was conducted to assess the genetic diversity and population 

structure among 23 cowpea accessions through 27 SSR loci, out of which 26 were 

polymorphic. In total, the markers resulted in amplification of 89 alleles with mean number of 

3.33 alleles per locus ranging from 2 to 6. The observed heterozygosity was 0.101 as against 

the expected heterozygosity of 0.545, while the Shannon information index value of 0.944 

revealed the existence of considerable amount of genetic variation within the material. The 

average polymorphism information content value was 0.489 varying from 0.282 (VuSSR2) to 

0.681 (CEDG143). UPGMA clustering resulted in grouping of accessions in to four clusters 

that were supported by principal coordinate analysis. The results revealed considerable genetic 

variation among the accessions which can be used in future breeding programs to select diverse 

parents for hybridization. This research provides baseline information about molecular markers 

in cowpea germplasm resources that can assist in further association mapping and marker 

assisted breeding for improvement of this crucial legume crop. This will also enable effective 

introduction of different alleles in future breeding programs. 

Keywords: Cowpea, Genetic diversity, Germplasm, Population structure, SSR markers, 

UPGMA, PCoA 

 



INTRODUCTION 

Cowpea [Vigna unguiculata (L.) Walp.] is a leguminous crop cultivated across several 

countries, particularly in tropical and subtropical environments, where it is grown as a grain 

legume, vegetable, fodder and green manure in smallholder production systems. In general, it 

ranks among the five most widely cultivated pulses or legumes across the globe [1]. 

Nevertheless, cowpea productivity in India remains poor compared with other pulses, with 

average yields standing at around 350 kg ha⁻¹ [2]. This productivity gap is all the more 

significant because cowpea is broadly used as an appetizing and highly nutritious food source. 

Seeds are reported to contain protein at 23–32% [3], carbohydrates at 50–60% [4] and fat at 

about 1% [5]; moreover, they are packed with several micronutrients, antioxidants, 

polyphenols, polyunsaturated fatty acids and fibre [2]. Because of this high-quality protein 

content and nutritive value, cowpea is popularly known as "poor man's meat" [6] and its regular 

consumption helps combat malnutrition, particularly among low-income and resource-poor 

communities. 

Cowpea is also of great importance to farming communities beyond its nutritional role, 

because it contributes to soil fertility by fixing atmospheric nitrogen, thereby benefiting 

subsequent cereals grown in rotation [7]. This biological nitrogen fixation, together with 

cowpea's adaptability to moisture-limited environments, makes it a key component of 

sustainable cropping systems in the semi-arid tropics, where it buffers both food and income 

security. 

Nonetheless, genetic diversity in cowpea is not very high; such low diversity can largely 

be explained by its predominantly self-pollinated nature, which restricts recombination and 

gene flow among individuals [8, 9]. A narrow genetic base renders the crop vulnerable to 

emerging biotic and abiotic stresses and limits the scope for genetic gain through hybridization. 

In view of the increasingly adverse impact of climate change and the exponential rise in the 

population of the world, there is an urgent need for scientific studies on the genetic diversity 

of cowpea [10] because genetic diversity plays a significant role in the context of breeding 

programs aimed at yield improvement and nutrition enhancement and increased resistance to 

stress factors. Higher genetic diversity offers more opportunities for discovering genes that 

could make plants resilient and productive, and knowledge of the genetic makeup of cowpea 

helps to conserve the crop and devise sound breeding strategies. 

Different DNA-based molecular techniques have been used to assess the genetic 

diversity of cowpea, including RAPD [6], AFLP [11], RFLP [12], ISSR [13], and SSR [14, 15]. 

Among these techniques, SSRs (simple sequence repeats, or microsatellite markers) are widely 



favoured because of their high polymorphic nature, co-dominant inheritance, multi-allelic 

constitution, genome-wide distribution, reproducibility, and ease of application, while 

requiring only small amounts of template DNA. SSR-based research on cowpea therefore 

ensures a more accurate assessment of genetic diversity at the molecular scale than 

conventional phenotypic approaches, which are influenced by environmental effects and 

developmental stage. SSRs have likewise proved effective in revealing diversity in the wild 

relatives of cowpea [14], which are of particular interest as potential sources of novel alleles 

for broadening the cultivated gene pool. 

Equally important to the overall magnitude of diversity is population structure which is 

the partitioning of germplasm into genetically distinct groups and the extent of admixture 

among them. Characterizing the genetic relationships among accessions guides the selection of 

genetically diverse parents for hybridization, helps to reduce redundancy and assemble core 

collections for efficient evaluation, and is a prerequisite for reliable marker–trait association 

studies. The reliability of such estimates depends on both the degree of relatedness of the 

samples and the informative quality of the markers used [16]. Together, assessments of genetic 

diversity and population structure thus help to identify and harness the inherent genetic 

variation in the crop, aiding the development of superior cowpea varieties capable of meeting 

increased nutritional requirements while coping with climatic adversities. 

Against this background, the present study was undertaken to investigate the extent of genetic 

diversity and population structure among 23 cowpea accessions with the aim of identifying 

genetically distinct genotypes that can serve as parents for future cowpea improvement 

programmes. 

MATERIALS AND METHODS 

Plant material and DNA extraction 

 In the present study, 23 cowpea accessions were used. The collected accessions, along 

with their sources, are given in Table 1. The molecular experiment for genetic diversity 

analysis using the SSR marker was carried out in the laboratory at ICAR-NBPGR in New 

Delhi. For the extraction of DNA, the seeds of all the accessions were grown in separate pots 

under natural environmental conditions. The 3 g freshly harvested leaf sample was collected 

from each accession separately after 14 days for DNA extraction using the 

Cetyltrimethylammonium bromide method (CTAB) widely used for isolating plant DNA [17]. 

The quantity of the extracted DNA was measured with a spectrophotometer (ScanDrop2). 

Further, the purity of the DNA was evaluated using the absorbance ratio at 260 nm and 280 

nm. 



PCR amplification with SSR markers 

The extracted DNA from 23 cowpea accessions was amplified using 27 SSR primers. 

The list of primers along with their annealing temperatures is listed in Table 2. The 

amplification reactions were carried out in a Bio-Rad C1000 thermal cycler. Each 20 µl reaction 

contained 4 µl of template DNA, 2 µl of 10X PCR buffer, 0.5 µl of dNTP mix, 0.5 µl of each 

forward and reverse primer, 0.3 µl of Taq DNA polymerase, and 12.2 µl of nuclease-free water. 

The thermal cycling program was as follows: initial denaturation at 95 °C for 5 minutes; 36 

cycles of denaturation at 95 °C for 30 seconds, annealing for 30 seconds at a temperature 

between 51 and 60 °C depending on the primer pair, and extension at 72 °C for 60 seconds; 

and a final extension at 72 °C for 5 minutes. 

Gel electrophoresis 

The amplified PCR products were separated using gel electrophoresis method. The gel 

was prepared using 3% MetaPhor agrose into 1X TAE buffer with gentle mixing. The mixture 

was stored at 4 °C for 2–3 hours and then microwaved to avoid foaming and boiling of the gel. 

Ethidium bromide was added to the gel before casting. The gel was left to harden, then cooled 

in the fridge for about 20 minutes. Loading dye was mixed with 20 µl of the PCR product, and 

10 µl of this mixture was used for loading in the gel alongside the 100 bp DNA ladder. 

Electrophoresis was carried out at 90 volts for 3-4 hours in 1X TAE buffer. After separation, 

the DNA bands were visualized under a UV transilluminator and recorded with a gel 

documentation system. 

Band scoring and Data analysis 

The bands were scored by their molecular weight using AlphaView software. The 

diversity obtained was then computed using GenAlEx version 6.5 [18], following the approach 

of Pagnotta. The parameters included the number of alleles per locus, the effective number of 

alleles, Shannon's information index, observed heterozygosity, expected heterozygosity, 

unbiased expected heterozygosity, and the fixation index. The polymorphism information 

content of each locus was calculated using the formula PIC = 1 − Σ pᵢ² − Σ Σ 2 pᵢ² pⱼ² (i = 1…n; 

j = i+1…n) where pᵢ and pⱼ are the frequencies of the ith and jth alleles at a locus and n is the 

number of alleles at that locus [19]. To see how the accessions were distributed across the 

populations, a principal coordinate analysis was carried out in GenAlEx version 6.5. In 

addition, a distance matrix was used to construct a dendrogram with the UPGMA algorithm in 

MEGA 11 [20]. 

RESULTS 

Genetic diversity revealed by SSR markers 



Genetic diversity parameters were computed for the 23 cowpea accessions using 27 

SSR markers. The markers produced a total of 89 alleles across the panel. Of the 27 loci, 26 

were polymorphic, giving a polymorphism percentage of 96.2 percent, while one locus, 

CEDGAG001, produced only a single allele. This monomorphic locus showed zero values for 

the number of effective alleles, Shannon's information index, both heterozygosity measures, 

and the polymorphism information content, and its fixation index could not be calculated, so it 

does not contribute to the diversity estimates described below. 

The average number of alleles per locus was 3.33, which is significantly lower compared to 

other studies of this kind. Among the polymorphic loci, Na ranged from 2 to 6. VuSSR13, 

VuSSR15, VuSSR21, CEDG176, and CEDG097 carried the minimum number of alleles, two 

each, while VrSSR16 carried the maximum, six each. Variations in the number of accessions 

studied and the number and choice of markers used in different surveys are plausible reasons 

for such differences between studies. 

The effective number of alleles expresses how many alleles are contributing at 

appreciable frequencies at a locus, because rare alleles add little to the effective count. Ne 

averaged 2.40 and ranged from 1.45 to 3.64. The comparison of Na and Ne shows that, although 

up to six alleles were detected, most of those alleles occurred at low frequencies. VuSSR2 had 

the minimum Ne of 1.45, and CEDG143 had the maximum Ne of 3.64, meaning that the two 

alleles at CEDG143 were the most evenly balanced in frequency of any locus in the study. 

Shannon's information index (I), which combines the number of alleles at a locus with 

the evenness of their frequencies, ranged from 0.576 in VuSSR2 to 1.415 in CEDG143, with 

an average of 0.944. The loci with the highest values for this index, namely CEDG143 (1.415), 

VuSSR10 (1.300), VrSSR16 (1.299), and CEDG068 (1.292), were therefore the most 

informative about allele evenness as well as allele number. The full set of diversity parameters 

for all 27 loci is presented in the Table 3. 

Heterozygosity 

Heterozygosity is one of the most important measures of genetic diversity in natural 

populations, because it is determined by the number of alleles at a locus and by their 

frequencies, which together define the probability of being heterozygous at that locus. 

Observed heterozygosity is measured directly from the genotypes, while expected 

heterozygosity is the value predicted from allele frequencies under random mating, and 

unbiased expected heterozygosity (uHe) corrects this expectation for the finite sample of 

accessions. 



Observed heterozygosity ranged from 0 to 0.864, with a mean of only 0.101 across all 

loci. The maximum Ho was obtained in VuSSR17 at 0.864, followed by VuSSR9 at 0.783 and 

VuSSR7 at 0.650. Ho was zero at 21 loci, including VuSSR4, VuSSR5, VuSSR6, VuSSR11, 

VuSSR12, VuSSR13, VuSSR15, VuSSR19, VuSSR20, VuSSR21, VuSSR2, CEDG176, 

CEDG143, CEDG068, CEDG097, CEDG056, CEDG180, CEDGAG001, CEDG006, 

VrSSR16, and VrSSR17, and it was above zero at only six loci in total. Expected heterozygosity 

ranged from 0.310 in VuSSR2 to 0.725 in CEDG143, with a mean of 0.545, and the 

corresponding uHe averaged 0.561. CEDG143 thus showed the maximum He and VuSSR2 the 

minimum, the same ordering seen for the effective number of alleles and Shannon's index. 

The observed heterozygosity was far lower than the expected heterozygosity at nearly every 

locus. This large difference between Ho and He reflects a strong deficit of heterozygotes 

relative to the expectations of random mating, which is the expected outcome in a crop with a 

predominantly self-pollinating mating system. 

Fixation index 

The fixation index (F), also known as the inbreeding coefficient, compares observed 

with expected heterozygosity and expresses the degree to which a locus departs from Hardy 

Weinberg proportions. Values of 1 indicate complete homozygosity, values near 0 indicate 

proportions close to random mating, and negative values indicate an excess of heterozygotes. 

In this study F ranged from -0.304 to 1.00, with an average of 0.822. Twenty primers showed 

the maximum value of 1.00, indicating complete fixation at those loci. Only three loci, VuSSR7 

(-0.086), VuSSR9 (-0.333) and VuSSR17 (-0.304), recorded negative values, showing 

heterozygote excess at these positions, which is consistent with them also recording the three 

highest observed heterozygosity. The remaining polymorphic loci had positive values below 1, 

namely VuSSR3 (0.861), VuSSR10 (0.619), and VuSSR8 (0.607). The high average F of 0.861 

agrees with the self-pollinating nature of cowpea, which drives homozygosity within 

accessions. 

Polymorphism information content 
The polymorphism information content of the SSR loci was calculated as the measure 

of allelic diversity at a particular locus, since it reflects both the number of alleles and the 

distribution of their frequencies. PIC ranged from 0.282 in VuSSR2 to 0.681 in CEDG143, 

with a mean of 0.498, while the monomorphic CEDGAG001 contributed a value of zero. The 

most informative markers were CEDG143 (0.681), CEDG068 (0.649), VuSSR (0.628) and 

CEDG006 (0.623), and these are therefore the most suitable of the assayed primer pairs for 

future diversity and fingerprinting work in this material. A mean PIC above 0.5 confirms that 



the SSR set used here was sufficiently polymorphic to resolve genetic differences among the 

23 accessions. 

Visualising the relationship among genotypes using cluster analysis 

To visualise the genetic relationships among the accessions, a distance matrix was 

converted into a dendrogram with the UPGMA (unweighted pair group method with arithmetic 

mean) algorithm. Since UPGMA clusters based on the distance between accessions or clusters 

with the lowest pairwise distance, accessions that are close to one another on the tree are the 

ones that share the most genetic similarities. Four major clusters have been generated based on 

the SSR marker data for the accessions, which are summarised in Table 4. 

Cluster I had seven genotypes, Cluster III had four while Cluster II and Cluster IV had 

six genotypes each. This clustering is clearly illustrated in the dendrogram below, where branch 

lengths correspond to genetic distances between accessions or clusters. The first cluster from 

the top consists of Cluster IV, which includes genotypes EC240808, EC240826, EC240841, 

EC240891, EC240971 and Kashi Kanchan. Cluster III, included EC240648, EC240755, 

EC240765 and EC240829, forms the middle group. Cluster II, with EC240703, EC240714, 

EC240700, EC240665, EC724539 and EC240693B and Cluster I, with EC219922, EC240636, 

EC240663, EC149457, EC149471, EC170072, and EC170579-B, occupy the lower portion of 

the tree. In the variety Kashi Kanchan of SHUATS in Cluster IV with five germplasms of 

NBPGR were included, instead of being kept separate from them, suggesting that there is some 

genetic similarity between the released variety and the germplasms. The dendrogram structure 

is fully consistent with the cluster formation in Table 4. 

 

 

Principal coordinate analysis 

For further validation of the clustering procedure, a principal coordinate analysis was 

performed. PCoA transforms the distance matrix between accessions into a few axes such that 

accessions that cluster together on the plot are genetically similar, and the percentage of the 

total genetic variability explained by each axis is given next to the axis. The cumulative 

percentage variation explained by the first three axes using the SSR dataset is 57.31 percent. 

Taking individual axes into account, the first, second, and third axes explain 28.42, 16.54 and 

12.35 percent variation, respectively see Table 5. 

All the accessions that have been grouped separately in the UPGMA dendrogram have 

grouped separately in all three axes in the PCoA plot. In summary, the SSR assay detected a 

moderate but useful level of diversity, with 89 alleles over 26 polymorphic loci, a mean PIC of 



0.498, and a clear division of the 23 accessions into four genetic clusters, while the very low 

observed heterozygosity and high fixation index of 0.822 reflect the strongly self-pollinating 

mating system of the crop. 

 

DISCUSSION 

Gene diversity and allelic pattern 

The number of alleles per locus ranged from one to six, a relatively modest range 

compared with earlier reports. Sarr et al. [21] recorded two to 15 alleles per locus, averaging 

6.2, in cultivated and wild cowpea from Senegal. Similarly, one to 16 alleles were reported 

among 22 Senegalese varieties and inbred lines [22]. In Sudanese germplasm, Ali et al. detected 

129 alleles across 16 loci, averaging 8.1 per locus [23]. Such ranges are generally obtained 

from large, geographically diverse collections, whereas smaller panels such as the present one 

are likely to reveal fewer alleles. Nevertheless, the range observed here is comparable with or 

wider than those reported for Ghanaian cowpea [24] and recently screened Indian genotypes 

[25]. Differences among studies are therefore more plausibly attributable to sample size, 

marker number and selection, and scoring criteria than to diversity alone [26, 27, 28]. In 

particular, allele counts should not be interpreted as evidence of low diversity, because cowpea 

is predominantly self-pollinating and has a narrower genetic base than many other crops [29, 

30]. 

Although some loci amplified as many as six alleles, most showed relatively low-

frequency alleles. This pattern is reflected in the difference between the mean observed and 

effective numbers of alleles. The effective number represents the number of equally frequent 

alleles required to produce the observed heterozygosity and therefore accounts for allele-

frequency distribution rather than simply allele counts. VuSSR2 had the lowest effective allele 

number, indicating an uneven distribution, whereas CEDG143 had the highest, suggesting a 

more even contribution of alleles to diversity. VrSSR16 were the most allele-rich loci, with six 

alleles, followed by VuSSR7, VuSSR10 and CEDG143, with five each. VuSSR13, VuSSR15, 

VuSSR21, CEDG176, and CEDG097 carried only two alleles. Effective allele numbers were 

generally well below observed counts, as expected in a predominantly homozygous crop [31]. 

Polymorphism information content measures marker discriminatory power by incorporating 

both allele number and frequency distribution [42, 31]. Values above 0.50 are considered highly 

informative [32], whereas those between 0.25 and 0.50 are informative [33]. In the present 

study, PIC ranged from 0.282 at VuSSR2 to 0.681 at CEDG143, with a mean of 0.498; 18 of 

the 26 polymorphic loci had values of at least 0.50. This mean exceeded those reported for 



Ghanaian cowpea [24], Senegalese varieties [22], Chinese germplasm [34], Korean accessions 

[34], and recently evaluated Indian genotypes [25]. It was lower only than the value reported 

for wild cowpea, where PIC reached 0.870 [14]. These findings indicate substantial genetic 

variability in the Indian material and highlight loci suitable for genotype identification and 

parental selection [31]. 

Shannon’s information index, which reflects allele number and frequency evenness, had 

a mean of 0.944 and was highest at CEDG143. This result indicates moderate diversity and 

agrees with the allele-frequency patterns described above. 

Heterozygosity combines allele number and frequency to estimate the probability that 

an individual is heterozygous at a locus. Mean expected heterozygosity was 0.545, whereas 

mean observed heterozygosity was only 0.101. The average gene diversity expressed by 

expected heterozygosity which exceeded the mean values reported for Senegalese cowpea [21], 

Senegalese varieties [22] and Korean germplasm [35] and was close to the average gene 

diversity of 0.60 reported for Sudanese cowpea [23]. Observed heterozygosity, however, was 

substantially lower than expected at nearly all loci, indicating a pronounced heterozygote 

deficit. Similar patterns have been documented in Togolese accessions [35], Korean germplasm 

[35] and 370 accessions from the IITA Genetic Resources Centre evaluated by Fatokun et al. 

[36] and Seo et al. [37]. This deficit is consistent with a broader pattern in cowpea germplasm 

and can be attributed primarily to predominant self-pollination, along with selection pressure 

and repeated use of farmer-preferred materials, which may further reduce genetic variation [38, 

39].  
The fixation index measures deviation from Hardy-Weinberg equilibrium through comparison 

of heterozygosity in the observed versus expected genotype distributions. The mean fixation 

index of 0.822 and complete fixation at 18 loci confirm the extensive homozygosity expected 

due to self-fertilization [31]. Similarly, the mean inbreeding coefficient of 0.830 was reported 

for the Togolese cowpea population [35]. VuSSR7, VuSSR9 and VuSSR17 loci had negative 

fixation indices, suggesting heterozygote excess. This finding is contrary to the general trend 

and may be a result of increased gene flow between subpopulations, statistical error, or 

sampling bias, especially in small samples [31]. Given that these two loci also had the highest 

observed heterozygosity, negative fixation index may be genuine heterozygotes rather than a 

departure from the inbreeding nature of the species. 

Genetic relationships among cowpea accessions 

Cluster analysis using UPGMA and Principal Coordinate Analysis was carried out to 

investigate the relationships between the accessions. PCoA is a statistical method that helps in 



detecting genetic structure among populations and sub-populations by plotting a distance 

matrix on a series of orthogonal axes [18] . First three coordinates accounted for 57.31 

percent of the total variation in the data set. Grouping based on these coordinates was congruent 

with the grouping pattern observed through UPGMA dendrogram. UPGMA grouped the 23 

accessions into four clusters where Cluster I was the largest with seven accessions followed by 

Clusters II and IV, which comprised of six accessions while Cluster III consisted of four 

accessions each. Accessions from both the sources were interspersed in each other. Kashi 

Kanchan grouped in Cluster IV along with five NBPGR accessions whereas NBPGR 

accessions existed in all the four clusters. Thus, genetic relationships did not closely correspond 

to source or collection history. Instead, the released variety shared measurable similarity with 

conserved germplasm rather than forming a distinct group. 

The four clusters formed in the present set of 23 accessions confirm considerable genetic 

diversity. Similar kinds of sub-divisions have been found in other large sets of cowpeas like 

three major clusters in Sudanese cowpea [23], five branches in Ghanaian germplasm [24], three 

groups in cultivated African cowpea with 65 percent similarity [40], and four major populations 

in global and Korean germplasm [37]. These results provide the possibility of selecting 

divergent parents for making segregating populations with diverse alleles. 

The results obtained above have practical significance in the improvement of cowpea 

germplasm. The accessions are maintained at ICAR-NBPGR and their SSR profiles will aid in 

reducing redundancy, developing a core collection for focused evaluation, and forming 

crossing blocks. 

The high level of marker polymorphism observed (96.2 per cent) contrasts with the low 

microsatellite polymorphism of 4 to 12 per cent reported in several earlier cowpea studies [29, 

30], which underlines the informativeness of the primer set used here for Indian germplasm. 

Earlier global surveys identified Indian cowpea as one of the more variable groups, with a gene 

diversity of 0.35 [28], yet molecular characterisation of Indian accessions remains limited in 

comparison with African collections, which dominate the cowpea diversity literature [41]. The 

present study adds SSR based baseline data for Indian germplasm conserved in the national 

genebank and demonstrates that even a modest number of accessions can harbour enough 

diversity for meaningful breeding applications. Future work should move towards functional 

characterisation and association mapping to link the polymorphic loci identified here with 

agronomically important traits, which would accelerate the use of this germplasm in cowpea 

improvement [1, 10]. 

CONCLUSION 



This study characterized the genetic diversity and population structure of 23 Indian cowpea 

accessions using 27 SSR markers, 26 of which were polymorphic. The markers amplified 89 

alleles, averaging 3.33 alleles per locus, with a mean effective number of alleles of 2.40 and a 

Shannon information index of 0.944, indicating a moderate but useful level of genetic 

variability. The expected heterozygosity was 0.545 while the observed heterozygosity was only 

0.101. High fixation index and complete fixation of the 18 loci were yet another confirmation 

of the self-pollinating nature of cowpea. Polymorphism information content had a mean value 

of 0.498 and 18 out of 26 polymorphic loci had an informative value of more than 0.50 showing 

that the panel of SSR used here was informative enough to discriminate varieties, fingerprint 

and assess genetic diversity. CEDG143 was the most informative locus in terms of high 

polymorphism information content and effective allele number. Hierarchical cluster analysis 

using UPGMA and principal coordinate analysis showed similar results grouping accessions 

into four clusters explaining 57.31% of the variation among the first three coordinates. Cluster 

affiliation was not linked to either accession origin or collection history. As an example, Kashi 

Kanchan, a released variety, clustered with NBPGR germplasms in Cluster IV, reflecting the 

presence of significant genetic similarities between developed and conserved accessions and 

not the division along origin lines. This information has provided baseline information about 

SSRs in cowpea germplasm, which have received lesser attention compared to their African 

counterparts. The generated clusters can be used as a means for selection of divergent parents 

in cowpea breeding programs. In addition, the informative loci identified in this study can 

support core collection development and future marker-assisted selection. Extending this work 

through association mapping could help link these markers to agronomically important traits 

and accelerate their application in cowpea improvement. 
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Table 1: List of cowpea accessions used in the study and their respective sources. 

Sr. No. Genotype name Source 

1 EC149457 NBPGR, New Delhi 

2 EC149471 NBPGR, New Delhi 

3 EC170072 NBPGR, New Delhi 

4 EC170579-B NBPGR, New Delhi 

5 EC219922 NBPGR, New Delhi 

6 EC240636 NBPGR, New Delhi 

7 EC240648 NBPGR, New Delhi 

8 EC240663 NBPGR, New Delhi 

9 EC724539 NBPGR, New Delhi 

10 EC240665 NBPGR, New Delhi 

11 EC240693-1 NBPGR, New Delhi 

12 EC240700 NBPGR, New Delhi 

13 EC240703 NBPGR, New Delhi 

14 EC240714 NBPGR, New Delhi 

15 EC240755 NBPGR, New Delhi 

16 EC240765 NBPGR, New Delhi 

17 EC240808 NBPGR, New Delhi 

19 EC240829 NBPGR, New Delhi 

20 EC240841 NBPGR, New Delhi 

21 EC240891 NBPGR, New Delhi 

22 EC240917 NBPGR, New Delhi 

23 Kashi Kanchan SHUATS, Prayagraj 

 

Table 2: Details of SSR markers used for molecular characterization of the cowpea 
genotypes, including primer sequences and annealing temperatures. 



Marker Forward primer 
  

Reverse primer Anneali
ng 
temp. 
(°C) 

VuSSR3 GATTTAGGATGCATCAGTC
CAAC 

CTGGATACTGCAACGGGAG 60 

VuSSR4 ACTATCACACCCAAAAGC
ACACT 

CAAGAGCAGTGAAGAAGA
AGAGC 

60 

VuSSR5 GGAAAAGAAACTCTAGCT
TGGCA 

ATCCCCATTGCATCTTCTTA
TTT 

61 

VuSSR6 ATTTGCACTTTTCGACTCC
AGTA 

GAAGAAGAGAAGTTATCGT
GCCA 

60 

VuSSR7 TAGTGCTGCTGGTAATTCT
GGAT 

CTCTTCTTCAAAGGGGTTG
ACTT 

60 

VuSSR8 ACACTTCCTAGGTGATTGT
AGCG 

ATCACCCAACCTTAACTCT
CACA 

60 

VuSSR9 AACTCAGAGACAAAACTC
ACCCA 

CCACTCGTTTTAGCTTCTTC
AAA 

60 

VuSSR10 TCATTCTTGTTCTGTGCTTC
TCA 

ATTAATGGGACAAGAAATG
CAGA 

60 

VuSSR11 CTCCTCCTACTACTCTTCC
CGAC 

AAAGAGAGGAAGGTGGTG
GTTT 

60 

VuSSR12 CTGTCGGAGAAATTGTAGT
TTGG 

CAACAATCACAACACCAA
GAAGA 

60 

VuSSR13 AAGTTGCAGAAGCAGAAG
TGTTC 

TCTCGTTTTGTCTCGTGAA
GAAG 

61 

VuSSR15 GCTTTAAACAGGGGAACC
ATTAT 

CAAAACAAAGCATCAAGT
AACCA 

59 

VuSSR17 AGCACCATTTCTGATAAGT
TCCA 

ACATCGGACACAACCTCAC
TTAT 

60 

VuSSR19 GTTCTGATGCACGCTCATC
TT 

AACACACTCAATACAGCAA
CGGT 

61 

VuSSR20 AGCAACAAGAAGAGAAG
GTCTCC 

GATCCGAGTTTTCGGAATC
A 

60 

VuSSR21 TGGGATATCTCTCTGGATG
AAAA 

TCTCTGTTCGCTCAGAAGT
AGGT 

60 

VuSSR2 AAACATTTTTCTTAAACCG
CCAC 

GGCGTGGATATTAGGGATT
ACTT 

60 

CEDG176 GGTAACACGGGTTCAGAT
GCC 

CAAGGTGGAGGACAAGAT
CGG 

57 

CEDG143 GATGAACTCGTCTCGCTCA
TCG 

CTGGACGCGTCTACTCAGA
C 

60 

CEDG068 TCTCCATAGGAACCCCTGA
AAG 

TGGGATCAGTGAATTCGCC
AG 

57.7 

CEDG097 GTAAGCCGCATCCATAATT
CCA 

TGCGAAAGAGCCGTTAGTA
GAA 

60 

CEDG056 TTCCATCTATAGGGGAAGG
GAG 

GCTATGATGGAAGAGGGCA
TGG 

57.7 



CEDG180 GGTATGGAGCAAAACAAT
C 

GTGCGTGAAGTTGTCTTAT
C 

60 

VrSSR16 TCTCCATCCCCATCTTCATC GGAGAGATCTGCGACCTTT
G 

60 

VrSSR17 AACTTCGTCCTGCGCTTAA
A 

AGCATGACCACACCAATCA
A 

58 

CEDGAG
001 

CTCATCAGGGACATCCTCC
C 

GATCGTGATCGATCCAACG
GTC 

56.1 

CEDG006 AATTGCTCTCGAACCAGCT
C 

GGTGTACAAGTGTGTGCAA
G 

51.3 

 

Table 3: Genetic diversity and polymorphism parameters of the SSR loci used for 
characterization of 23 cowpea genotypes. 

Locus Na Ne I Ho He uHe F PIC 

VuSSR3 3.000 1.559 0.612 0.050 0.359 0.368 0.861 0.310 

VuSSR4 3.000 2.532 0.999 0.000 0.605 0.621 1.000 0.527 

VuSSR5 3.000 2.689 1.036 0.000 0.628 0.658 1.000 0.551 

VuSSR6 3.000 2.462 0.974 0.000 0.594 0.613 1.000 0.511 

VuSSR7 5.000 2.492 1.126 0.650 0.599 0.614 -0.086 0.537 

VuSSR8 3.000 1.496 0.619 0.130 0.332 0.339 0.607 0.304 

VuSSR9 4.000 2.421 1.057 0.783 0.587 0.600 -0.333 0.525 

VuSSR10 5.000 2.909 1.300 0.250 0.656 0.673 0.619 0.616 

VuSSR11 3.000 2.359 0.972 0.000 0.576 0.592 1.000 0.513 

VuSSR12 4.000 2.778 1.168 0.000 0.640 0.656 1.000 0.581 

VuSSR13 2.000 1.710 0.606 0.000 0.415 0.428 1.000 0.329 

VuSSR15 2.000 1.899 0.666 0.000 0.473 0.492 1.000 0.361 

VuSSR17 4.000 2.960 1.180 0.864 0.662 0.678 -0.304 0.597 

VuSSR19 4.000 3.108 1.253 0.000 0.678 0.699 1.000 0.628 

VuSSR20 3.000 2.528 0.991 0.000 0.604 0.625 1.000 0.521 

VuSSR21 2.000 1.761 0.624 0.000 0.432 0.444 1.000 0.339 

VuSSR2 3.000 1.449 0.576 0.000 0.310 0.317 1.000 0.282 

CEDG176 2.000 1.841 0.649 0.000 0.457 0.471 1.000 0.352 

CDEG143 5.000 3.636 1.415 0.000 0.725 0.744 1.000 0.681 

CDEG068 4.000 3.306 1.292 0.000 0.698 0.717 1.000 0.649 

CEDG097 2.000 2.000 0.693 0.000 0.500 0.519 1.000 0.375 

CEDG056 3.000 2.455 0.965 0.000 0.593 0.610 1.000 0.505 

CEDG180 4.000 3.073 1.220 0.000 0.675 0.702 1.000 0.613 

VrSSR16 6.000 2.882 1.299 0.000 0.653 0.669 1.000 0.597 

VrSSR17 3.000 2.359 0.972 0.000 0.576 0.592 1.000 0.513 

CEDGAG001 1.000 1.000 0.000 0.000 0.000 0.000 #N/A 0.000 

CEDG006 4.000 3.175 1.224 0.000 0.685 0.703 1.000 0.623 
 

Abbreviations: Na: number of alleles; Ne: effective number of alleles; I: Shannon’s 
information index; Ho: observed heterozygosity; He: expected heterozygosity; uHe: unbiased 
expected heterozygosity; F: fixation index; PIC: polymorphism information content. 

 

Table 4: Distribution of cowpea genotypes into distinct clusters based on SSR marker-
derived genetic diversity. 



Clusters Genotypes 

Cluster I EC170579-B, EC170072, EC149471, EC149457, EC240663, EC240636, 

EC219922 

Cluster II EC240703, EC240714, EC240700, EC240665, EC724539, EC240693B  

Cluster III EC240648, EC240755, EC240765, EC240829 

Cluster IV EC240808, EC240826, EC240841, EC240891, EC240917, Kashi Kanchan  

 

 

 

Figure 1: UPGMA-based dendrogram showing genetic relationships among 23 cowpea 
genotypes inferred from SSR marker data. The genotypes were grouped into distinct clusters 
based on their genetic similarity. 
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Figure 2: Principal coordinate analysis (PCoA) showing the genetic relationships and 
distribution of 23 cowpea genotypes based on SSR marker data. The first two coordinate axes 
represent the major components of molecular variation among the genotypes. 

 

Table 5: Percentage variation explained by the first three principal coordinate axes and their 
cumulative contribution to the total molecular variation among cowpea genotypes. 

Axis 1 2 3 

% 28.42 16.54 12.35 

Cum % 28.42 44.96 57.31 
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