



Original Research Article
Genetic diversity analysis of mung bean (vigna radiata) using simple sequence repeat markers


ABSTRACT 

	Background: Vigna radiata is a nutritionally important grain legume whose genetic improvement and breeding efficiency depend on accurate assessment of genetic diversity using SSR molecular markers.
Aims: To assess the genetic diversity of mung bean genotypes through the application of SSR markers. 

Study design:  The experiment was conducted using a plot size of 5m x 5m. Seed viability was evaluated through germination tests following mechanical scarification and fungicide treatment.

Place and Duration of the Study: Located in Ibadan, in the southwestern region of Nigeria, the study was carried out between March and June 2025. 

Methodology:  SSR primers used in this study were selected from previously validated mung bean microsatellite markers developed by Somta et al. (2008) and additional legume SSR resources reported by Varshney et al. (2021). Primers were chosen based on their high polymorphism, reproducibility, and broad genome coverage.
 Primer sequences were synthesized commercially and validated prior to PCR amplification.

Fifteen mung bean (Vigna radiata) genotypes were sourced from the International Institute of Tropical Agriculture for this study. The experiment was established in a randomized complete block design with three replicates under standard agronomic management. Young leaf tissues were collected for genomic DNA extraction using the CTAB protocol. DNA quality and concentration were assessed by agarose gel electrophoresis and spectrophotometric analysis. Genetic variation was examined using SSR markers through PCR amplification (Sharma et al.,2023). The resulting amplicons were resolved on agarose gel, and banding patterns were scored in a binary format. Genetic diversity parameters were computed using GenAlEx, and analyses including cluster analysis and AMOVA were performed to evaluate genetic relationships and population structure (Singh et al., 2022)..

Results: SSR markers revealed a moderate to high level of polymorphism among the mung bean genotypes, with three to six alleles detected per locus. Polymorphic information content (PIC) values ranging from 0.45 to 0.82 indicate that most markers were highly informative for detecting genetic variation, while allele frequency differences further confirm substantial diversity within the population. Genetic similarity coefficients showed varying degrees of relatedness, highlighting the presence of both closely related and genetically divergent lines suitable for breeding. Cluster analysis grouped the genotypes into three distinct clusters, reflecting clear differences in genetic background and a structured pattern of variability. Analysis of molecular variance (AMOVA) showed that 68% of the genetic variation occurred within populations and 32% among populations, with a fixation index (FST = 0.32) indicating moderate to high genetic differentiation. Overall, the observed polymorphism, genetic divergence, and population structure demonstrate significant variability and strong potential for selecting diverse parental lines to enhance breeding efficiency.

Conclusion: The study demonstrates substantial genetic diversity among mung bean genotypes, with high levels of polymorphism and allelic variation confirming the effectiveness of SSR markers for genetic characterization. The predominance of within-population variability, coupled with moderate differentiation among populations, highlights strong potential for targeted selection and hybridization, particularly through the use of parental lines from distinct genetic clusters to enhance heterosis. Overall, these findings provide valuable insights into the genetic structure of mung bean and emphasize the importance of molecular tools in breeding and germplasm conservation efforts.



Keywords: Mung bean (Vigna radiata), Simple sequence repeat (SSR) markers, Genetic variability, polymorphic traits. 

1. INTRODUCTION

Mung bean (Vigna radiata) is a widely cultivated grain legume across Asia and Africa, valued for its high nutritional content, short growth cycle, and adaptability to diverse agroecological environments. It is highly valued for it nutritional importance and adaptability (Nair et al., 2023; Tang et al., 2021). It serves as an important source of plant-based protein, vitamins, and essential minerals. Additionally, it contributes to soil fertility improvement through nitrogen fixation.

Genetic diversity is a key determinant of a crop’s capacity to adapt to environmental changes and withstand biotic and abiotic stresses. Genetic diversity plays crucial role in crop improvement and adaptation (Zhao et al., 2021). However, breeding progress in mung bean has been constrained by a relatively narrow genetic base among cultivated varieties. Limited genetic base has constrained breeding progress in mung bean (Sharma., et al., 2023). Conventional phenotypic evaluation alone is often inadequate due to environmental influences that obscure true genetic differences. The advent of molecular markers has significantly enhanced the precision of genetic studies (Varshney et al ., 2021). Among these, SSR markers are particularly advantageous due to their co-dominant inheritance, high polymorphism, reproducibility, and genome-wide distribution (Singh et al., 2022). These markers have been extensively utilized in genetic diversity assessment, population structure analysis, and marker-assisted selection in mung bean. A comprehensive understanding of genetic relationships among genotypes is essential for effective parent selection and maximizing heterosis in breeding programs. Despite the agricultural importance of mung bean, its genetic improvement has been limited by insufficient knowledge of genetic diversity at the molecular level. Reliance on phenotypic traits alone is often misleading due to environmental variability. The absence of detailed molecular characterization restricts the ability of breeders to identify genetically diverse parents, thereby reducing breeding efficiency and genetic gain. Consequently, there is a need for robust molecular tools, such as SSR markers, to accurately assess genetic diversity and guide breeding strategies.

2. MATERIALS AND METHODS

2.1 Plant Materials, Seed Viability Assessment and Experimental Design

Fifteen mung bean accessions were sourced from the Genetic Resources Centre of the International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria. Seeds were mechanically scarified to facilitate water uptake and break dormancy, followed by treatment with mancozeb fungicide. Germination percentage was recorded on the 10th and 15th days. The experiment was conducted using a Randomized Complete Block Design (RCBD) with three replicates. Each accession was planted in a 5 m × 5 m plot, with spacing of 1 m between plants and 75 cm between rows. Standard agronomic practices, including weeding and pest control, were applied.

2.2 DNA Extraction, DNA Quality Assessment and SSR Marker Selection

Genomic DNA was extracted from young leaves using the CTAB method, involving: Grinding samples in liquid nitrogen, CTAB buffer extraction, which is widely used for DNA extraction (Varshney et al., 2021), Chloroform:isoamyl alcohol purification,Isopropanol precipitation, Ethanol washing and TE buffer dissolution. DNA integrity was verified via 1% agarose gel electrophoresis, while concentration was measured spectrophotometrically (260/280 nm ratio). Fifteen SSR primers were selected based on high polymorphism and genome coverage (Sharma et al., 2023).

2.3 PCR Amplification, Gel Electrophoresis and Data Scoring and Analysis

PCR reactions were carried out in 25 µL volumes containing DNA template, primers, dNTPs, Taq polymerase, MgCl₂, and buffer. Cycling conditions included initial denaturation, followed by 35 cycles of denaturation, annealing, and extension. Amplified products were resolved on agarose gels and visualized under UV light. Fragment sizes were estimated using a DNA ladder. Bands were scored as present (1) or absent (0). Genetic parameters including allele frequency, gene diversity, and PIC were calculated using PowerMarker and GenAlEx software. Cluster analysis was performed using UPGMA, and population structure was analyzed using STRUCTURE software. Use of software such as GenAIEx and powerMarker is standard for genetic analysis (Singh et al., 2022). Cluster analysis and AMOVA are reliable tools for assessing population structure (Meena et al.,2022).

3.0 RESULTS

The SSR markers revealed a moderate to high level of polymorphism among the mung bean genotypes, with allele numbers ranging from three to six per locus. The PIC values (0.45 an0.82) indicate that most markers were informative and effective for detecting genetic variation. Variations in allele frequency further suggest the presence of substantial genetic diversity within the studied population. The genetic similarity coefficients showed varying degrees of relatedness among genotypes, indicating the presence of both closely related and genetically divergent lines. This diversity is important for breeding, as genetically distant genotypes can be selected to enhance hybrid performance. Cluster analysis grouped the genotypes into three distinct clusters, reflecting differences in genetic background. Genotypes within the same cluster were more closely related, while those in different clusters exhibited greater divergence. This pattern supports the existence of structured genetic variability. AMOVA results indicated that most of the genetic variation (68%) occurred within populations, while 32% was attributed to differences among populations. The fixation index (FST = 0.32) suggests moderate to high genetic differentiation, highlighting the presence of useful diversity for selection and breeding. Allele frequency distribution varied across loci, with both common and less frequent alleles observed. This pattern reflects the genetic heterogeneity of the genotypes and supports the presence of considerable diversity within the germplasm. Overall, the results demonstrate significant genetic variability among the mung bean genotypes. The combination of polymorphism, genetic divergence, and population structure indicates strong potential for selecting diverse parents and improving breeding efficiency.

3.1. SSR MARKER POLYMORPHISM

Table 1: SSR Marker Characteristics.

	Marker
	Number of Alleles
	Major Allele Frequency
	PIC Value

	SSR1
	3
	0.65
	0.52

	SSR2
	5
	0.42
	0.78

	SSR3
	4
	0.55
	0.66

	SSR4
	6
	0.38
	0.82

	SSR5
	3
	0.60
	0.45


Table 1 (SSR markers) revealed 3–6 alleles per locus. PIC values ranged from 0.45 to 0.82, indicating moderate to high informativeness.

3.2 Genetic Similarity

Table 2: Genetic Similarity Coefficients.

	Genotype
	G1
	G2
	G3
	G4
	G5

	G1
	1.00
	0.72
	0.65
	0.58
	0.60

	G2
	0.72
	1.00
	0.70
	0.62
	0.68

	G3
	0.65
	0.70
	1.00
	0.55
	0.63

	G4
	0.58
	0.62
	0.55
	1.00
	0.59

	G5
	0.60
	0.68
	0.63
	0.59
	1.00


Table 2 shows Similarity coefficients ranged from 0.55 to 0.72, demonstrating both close genetic relationships and significant divergence among genotypes.
3.3 Cluster Grouping / Analysis

Table 3: Cluster Classification Of Genotypes

	Clusters
	Genotypes

	Cluster I
	G1, G2, G3

	Cluster II
	G4, G5, G6

	Cluster III
	G7 – G15


Table 3 grouped Genotypes into three clusters:

Cluster I: G1–G3

Cluster II: G4–G6

Cluster III: G7–G15

This grouping reflects genetic variability within the germplasm. Confirmed varying degrees of relatedness indicating genetic variability among the genotypes studied,.
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Figure 1. Dendrogram showing cluster analysis of fifteen mung bean (Vigna radiata) genotypes (G1–G15) based on genetic similarity using SSR marker data and R-squared coefficients.
A DENDROGRAM .

The dendrogram clraely separates the accessions into three major clusters, indicating the presence of three distinct groups within the studied germplasm. 

Cluster (group) 1: comprises accessions ranging from G1 to G3
Cluster (group) 2: comprises accession ranging from G4 to G6
Cluster (group) 3 : comprises accession ranging from G7 to G15.
This confirms that the mung bean accessions exhibit substantial genetic divergence.

Accession within the same cluster are more closely related, suggesting similar genetic background or shared ancestry.

The greater the horizontal distance between clusters, the greater the level of dissimilarity between those groups.
The clear separation between group 1, group 2 and group 3 indicates significant diversity among the evaluated genotypes. 
3.4 ANALYSIS OF MOLECULAR VARIANCE (AMOVA)

Table 4: Analysis of molecular variance (AMOVA).

	Source of Variation
	df
	Sum of Squares
	Mean Square
	Variance Component
	Percentage Variation (%)

	Among Population
	     2
	48.56
	24.28
	2.15
	32%

	Within Population
	22
	102.34
	4.65
	4.57
	68%

	Total
	24
	150.90
	-
	6.72
	100%


AMOVA (Table 4) results showed:

68% variation within populations

32% variation among populations

Indicating  high genetic diversity and potential for effective selection within population

Fixation Index (Fst)

	Parameter
	Value

	FST
	0.32


The fixation index (FST = 0.32) indicates moderate to high genetic differentiation.

3.5 Allele Frequency

Table5: Allele Frequency Distribution

	Marker
	Allele 1
	Allele 2
	Allele 3
	Allele 4

	R1
	0.45
	0.25
	0.20
	-

	R2
	0.30
	0.25
	0.20
	0.25

	R3
	0.50
	0.30
	0.20
	-

	R4
	0.20
	0.18
	0.25
	0.37


Allele distribution varied across loci, confirming genetic heterogeneity among genotypes.
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 Figure 2. Agarose gel electrophoresis profile showing SSR marker amplification patterns among fifteen mung bean (Vigna radiata) genotypes. 
Lane M represents the 100 bp DNA ladder, while lanes 1–15 correspond to the analyzed genotypes exhibiting polymorphic banding patterns.
 Gel photograph
This gel photograph shows the agarose gel electrophoresis result of SSR-PCR amplified DNA fragments obtained from different mung bean genotypes. The lane labeled M represents the DNA molecular weight marker (DNA ladder), which was used to estimate the sizes of amplified DNA fragments in base pairs (bp). Lanes 1–15 represent the amplified products from the individual mung bean genotypes analyzed using SSR markers.

Distinct DNA bands were observed across the lanes, indicating successful PCR amplification. Variations in the number, position, and intensity of bands among the genotypes demonstrate the presence of genetic polymorphism and allelic variation. Some genotypes shared similar banding patterns, suggesting genetic relatedness, while others displayed different band profiles, indicating genetic divergence. The observed polymorphism confirms that the SSR markers were informative and effective for assessing genetic diversity among the mung bean genotypes. Overall, the gel profile reveals substantial genetic variability, which is useful for genotype identification, parent selection, and breeding improvement programs.

 5. DISCUSSION

The present study provides clear evidence of substantial genetic variation among the evaluated mung bean genotypes, as revealed by SSR marker analysis. The detection of multiple alleles per locus, with an average of approximately four alleles, reflects a considerable level of allelic diversity within the germplasm. Such diversity is essential for crop improvement, as it forms the genetic basis for selection and adaptation. The observed high level of polymorphism indicates that the genotypes analyzed possess a sufficiently broad genetic base (Ghosh et al., 2021) which is advantageous for breeding programs aimed at enhancing productivity and resilience.

The Polymorphic Information Content (PIC) values obtained in this study further validate the effectiveness of the SSR markers employed. This reflect marker effectiveness in genetic differentiation ( Bhawana et al.,2025). With values ranging from moderate to high, the markers demonstrated strong discriminatory ability, enabling reliable differentiation among genotypes. High PIC values are indicative of markers that capture substantial genetic variation, making them particularly useful for diversity assessment and genetic mapping. The overall mean PIC value suggests that the selected markers are appropriate for molecular characterization in mung bean and comparable to those reported in similar studies.

Analysis of genetic similarity revealed a mixture of closely related and genetically distinct genotypes. Genetic similarity variation suggest both divergence and share ancestry (Olarenwaju & Okechukwu, 2023). This pattern suggests that while some accessions may share a common genetic background or selection history, others have diverged significantly, possibly due to differences in origin or evolutionary processes. The coexistence of similarity and divergence within the population is beneficial, as it provides opportunities for both conservation of desirable traits and introduction of new variability (Sultana & Chowdhury,2023). From a breeding perspective, the identification of genetically distant genotypes is especially important, as such materials are more likely to produce superior hybrids due to increased heterosis.

The clustering pattern obtained through UPGMA analysis supports the findings of the similarity analysis by grouping the genotypes into distinct clusters. These clusters represent genetically related groups, likely reflecting shared ancestry or adaptation to similar environmental conditions. The clear separation of genotypes into multiple clusters highlights the structured nature of genetic diversity within the germplasm (Chauhan et al .,2024). Importantly, genotypes belonging to different clusters are expected to be more genetically diverse, and their use as parental lines in hybridization programs could enhance recombination and improve breeding outcomes.

The results of the Analysis of Molecular Variance (AMOVA) provide further insight into the distribution of genetic diversity. The predominance of variation within populations indicates that a large proportion of genetic diversity is maintained among individuals rather than between populations. This pattern is commonly observed in self-pollinated crops with some degree of gene flow or seed exchange. The presence of substantial within-population variation suggests that selection within populations can be highly effective for genetic improvement.

At the same time, the moderate proportion of variation observed among populations, as well as the fixation index value (FST = 0.32), indicates a meaningful level of genetic differentiation. This level of differentiation suggests that populations are not genetically uniform and that unique genetic attributes may exist within different groups. Such differentiation is advantageous for breeding, as it allows for the combination of diverse genetic resources to create improved varieties with enhanced performance. The allele frequency distribution observed across SSR loci further supports the presence of genetic heterogeneity among the genotypes. The occurrence of both common and less frequent alleles indicates a rich genetic composition, with rare alleles potentially representing unique traits of agronomic importance. These rare alleles may serve as valuable genetic resources for future breeding programs, particularly in the development of varieties with improved stress tolerance or nutritional quality.  The findings of this study demonstrate that the mung bean germplasm evaluated possesses significant genetic diversity, which is a critical prerequisite for successful crop improvement. The combined use of SSR markers, genetic similarity analysis, cluster analysis, and AMOVA provides a comprehensive understanding of the genetic structure of the population. The results emphasize the importance of utilizing genetically diverse parents in breeding programs to maximize genetic gain and ensure the development of superior cultivars.

Furthermore, the study highlights the value of integrating molecular marker technologies into conventional breeding approaches. By providing precise and reliable information on genetic relationships, SSR markers can greatly enhance the efficiency of selection and accelerate the development of improved mung bean varieties. In addition, the identification of genetically diverse and unique genotypes contributes to the conservation of genetic resources, which is essential for sustaining long-term breeding efforts. The genetic diversity revealed in this study offers significant opportunities for mung bean improvement. Strategic utilization of this diversity through well-designed breeding programs will facilitate the development of high-yielding, stress-tolerant, and nutritionally enhanced varieties, thereby contributing to food security and agricultural sustainability.

5. CONCLUSION

The findings reveal considerable genetic diversity among mung bean genotypes as assessed with SSR markers. Elevated levels of polymorphism and allelic variation attest to the robustness of SSR markers for genetic evaluation. The dominance of variation within populations, alongside moderate differentiation between populations, indicates strong potential for strategic selection and hybridization. Selecting parental lines from distinct genetic clusters is recommended to optimize heterosis. Overall, the study provides meaningful insights into mung bean genetic diversity and underscores the importance of molecular approaches in breeding and germplasm conservation.
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