


SSR Marker-Based Molecular Diversity and Genetic Characterization of Sesame (Sesamum indicum L.) Germplasm



A B S T R A C T
Sesame (Sesamum indicum L.) is an important oilseed crop, and assessment of its genetic diversity can inform the selection of parental material for crop improvement. This study evaluated molecular variation among 45 sesame genotypes, including two check varieties, using 30 sesame-specific simple sequence repeat (SSR) markers. Genomic DNA was extracted from seven-day-old seedlings, and amplified SSR profiles were assessed for allele number and marker informativeness. Genetic relationships were evaluated using Jaccard’s dissimilarity coefficients and unweighted pair group method with arithmetic mean (UPGMA) clustering. Of the 30 SSR markers examined, 18 (60%) were polymorphic, whereas 12 were monomorphic. The polymorphic loci generated 58 alleles, with two to five alleles per locus and a mean of 3.22. Polymorphism information content values ranged from 0.043 to 0.745, with an overall mean of 0.474. Hs425, Hs635, SiSSM61314 and Si24 showed comparatively high marker informativeness. UPGMA analysis assigned the genotypes to three molecular clusters. Cluster I comprised 36 genotypes, Cluster II contained eight genotypes divided into two subclusters, and Cluster III contained only TPTS-69. The isolated position of TPTS-69 indicated a distinct molecular profile within the marker panel evaluated. The observed allelic variation and clustering patterns provide information for identifying relatively differentiated sesame germplasm and selecting materials for further validation and potential use in breeding programmes.
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INTRODUCTION
Sesamum indicum L. (2n = 26), a member of Pedaliaceae, is one of the world's oldest cultivated oilseed crops. Commonly referred to as the ‘Queen of Oilseeds’, sesame is prized for its seed oil content (45–63%), high protein content (19–25%) and the presence of unique antioxidants, i.e., sesamin, sesamolin and sesamol that confer exceptional oxidative stability to the oil. These properties lend the crop wide utility in the food, pharmaceutical and cosmetic sectors (Langyan et al., 2022; Oboulbiga et al., 2023). Despite its economic and nutritional significance, sesame productivity remains low globally due to a narrow genetic base, poor harvest index and susceptibility to biotic and abiotic stresses. Systematic genetic characterization of available germplasm is therefore essential to identify diverse parental combinations that can broaden the gene pool and support the development of high-yielding, stress-tolerant varieties.
Recent evaluations of sesame germplasm have identified variability in yield-related traits (Hatkar et al., 2025). Trait-association analyses have also examined relationships between seed yield and its components, providing complementary information for germplasm assessment (Solanki et al., 2026).
Conventional morphological markers are inherently limited by environmental influence, developmental stage effects and the complexity of quantitative trait inheritance. Molecular marker technologies, particularly Simple Sequence Repeats (SSRs), overcome these constraints by directly assessing variation at the DNA level, independently of the environment (Wu et al., 2014). SSRs are favoured over other markers for diversity studies owing to their co-dominance, high polymorphism, chromosome specificity and reproducibility (Dar et al., 2017; Wu et al., 2014). Several SSR-based studies have demonstrated their effectiveness in sesame germplasm characterization (Azon et al., 2024; Bhattacharjee et al., 2020; Dar et al., 2017; Maurya et al., 2025). Recent sesame studies using molecular and genome-wide markers have further demonstrated that genetic diversity analysis can distinguish germplasm groups and support the identification of divergent material for breeding (Idris et al., 2023; Maurya et al., 2025; Seay et al., 2024).
An EST-SSR-based study of sesame germplasm has also demonstrated the utility of microsatellite markers for examining genetic relationships and population structure (Singh et al., 2026).
Genome-scale SSR development has substantially expanded the marker resources available for sesame, with large panels of  polymorphic loci shown to resolve genetic relationships and population structure across geographically diverse germplasm (Dossa et al., 2017; Uncu et al., 2015; Wei et al., 2014). Molecular characterisation of cultivated sesame has further indicated that domestication and recurrent use of related parental material can reduce genetic differentiation among improved lines, underscoring the importance of incorporating diverse germplasm into breeding programmes (Surapaneni et al., 2014; Wu et al., 2014). Phenotypic screening of sesame germplasm under salinity stress has also shown genotype-dependent responses, reinforcing the value of maintaining diverse germplasm as potential breeding material for subsequent characterisation (Ibrahim et al., 2024).
Complementary sequencing-based investigations have assessed diversity in sesame germplasm using ddRAD-derived SNPs and whole-genome sequence variation, respectively (Ruperao et al., 2024; Azzam et al., 2026).
However, the extent of molecular differentiation among the 45 sesame genotypes examined in the present study and the informativeness of the selected 30 SSR markers require assessment within this germplasm panel. Characterising this material can help identify relatively divergent genotypes and informative markers within the study population.
The present study was undertaken to characterise molecular diversity among 45 sesame genotypes using 30 SSR markers and to identify genetically diverse lines and assess their genetic relationships and marker informativeness to inform future breeding programmes.
MATERIALS AND METHODS	
Plant material and DNA extraction
Forty-five sesame genotypes, including two checks (TKG-22 and YLM-146), sourced from the Regional Agricultural Research Station (RARS), Tirupati, were included in the present study. Seeds were germinated in labelled plastic trays, and seven-day-old seedlings were used for genomic DNA extraction following the CTAB (Cetyl Trimethyl Ammonium Bromide) method with minor modifications. DNA quality and quantity were assessed using a Nanodrop spectrophotometer (Thermo Scientific 2000); samples with A260/A280 ratios near 1.8 and concentrations above 1000 ng μL−1 were used for downstream analysis. Working stocks were prepared at a 1:9 dilution.
SSR marker analysis
A set of 30 sesame-specific SSR markers was used to screen the 45 genotypes. Relevant published sesame SSR marker resources include Surapaneni et al. (2014), Wei et al. (2014) and Wu et al. (2014). PCR amplification was performed in a 10 μL reaction volume comprising 1 μL Taq buffer (10×), 0.1 μL Taq DNA polymerase (5 U μL−1), 0.5 μL dNTPs (2.5 mM), 0.4 μL MgCl2 (50 mM), 0.5 μL each of the forward and reverse primers (10 pM μL−1) and 2 μL template DNA (50 ng μL−1). Thermal cycling was performed using a thermal cycler with the following conditions: initial denaturation at 94°C for 5 min; 35 cycles of denaturation at 94°C for 1 min, primer annealing at 52–64°C for 45 s and extension at 72°C for 1 min; final extension at 72°C for 10 min. Annealing temperatures were optimised individually for each primer over a gradient range of 52–64°C. PCR products were resolved on 3% agarose gels at 100 V for 60–75 min alongside a 100 bp DNA ladder, and bands were visualised under UV illumination using a gel documentation system. Amplicons were scored as present (1) or absent (0) for each genotype. Only clear, unambiguous bands were included in the analysis.
Data analysis
Polymorphism Information Content (PIC) was calculated using the formula: PIC = 1 − Σ(Pij)2, where Pij is the frequency of the ith allele for the jth marker (Nei, 1973). The number of alleles per locus and major allele frequency were computed for each polymorphic marker. Jaccard's dissimilarity coefficients were estimated for all pairwise genotype combinations and used to construct a dendrogram by the Unweighted Pair Group Method with Arithmetic Mean (UPGMA) in DARwin software version 6.0 (Perrier & Jacquemoud-Collet, 2006).
RESULTS AND DISCUSSION
Allelic diversity of SSR markers
Of the 30 SSR markers screened, 18 were polymorphic (60%) and 12 were monomorphic. The polymorphic markers were Si18, Si24, Si39, Hs376, Hs4082, Hs635, Hs345, Hs425, SiSSM11029, Hs250, SiSSM105280, SiSSM35870, SiSSM61314, SiSSM84645, SiSSM91614, SiSSM95090, SiSSM97651 and SiSSM100596. A total of 58 alleles were detected across the 18 polymorphic loci. The number of alleles per locus ranged from 2 to 5, with a mean of 3.22 alleles (Table 1). The highest allele count (5 alleles) was recorded for Si24, Si39 and SiSSM97651, while Hs635, Hs425 and SiSSM61314 generated 4 alleles each. Several markers (Si18, Hs376, Hs345, Hs250, SiSSM84645, SiSSM91614, SiSSM95090) produced 3 alleles, and the remaining (Hs4082, SiSSM11029, SiSSM105280, SiSSM35870, SiSSM100596) produced 2 alleles each. Major allele frequency ranged from 0.091 (Hs425) to 0.956 (SiSSM11029). The mean of 3.22 alleles per locus was below the mean of 4.5 alleles reported by Bhattacharjee et al. (2020). Wang et al. (2023) reported 6.64 polymorphic bands per SSR marker in a broader collection, although their band-based figure is not directly equivalent to alleles per locus. Such differences may reflect the marker panels and germplasm sampled. A polymorphism rate of 60% confirmed that the markers under study were sufficiently informative for diversity assessment.
The number of alleles per locus is influenced by marker choice, sample size and the breadth of germplasm represented; therefore, comparisons among studies are most informative when these design differences are considered. Genome-derived SSR panels have detected substantial allelic variation in globally sampled sesame accessions (Wei et al., 2014; Uncu et al., 2015), whereas studies based on more restricted cultivar sets also show that informative SSR loci can discriminate closely related materials even when overall diversity is moderate (Wu et al., 2014; Dar et al., 2017). These observations support interpreting the present mean of 3.22 alleles per locus as a marker- and population-specific estimate rather than a fixed measure of species-wide diversity.

Table 1. Number of alleles, major allele frequency, allele size and Polymorphic Information Content (PIC) values of 18 polymorphic SSR markers in sesame.
	S.No.
	Marker
	Na
	MAF
	Allele size (bp)
	PIC

	1
	Si 18
	3
	0.404
	220, 230, 240
	0.503*

	2
	Si 24
	5
	0.195
	260, 270, 280, 290, 300
	0.687*

	3
	Si 39
	5
	0.262
	160, 170, 180, 190, 200
	0.648*

	4
	Hs 376
	3
	0.262
	230, 240, 250
	0.606*

	5
	Hs 4082
	2
	0.754
	270, 280
	0.228

	6
	Hs 635
	4
	0.116
	220, 230, 240, 250
	0.724*

	7
	Hs 345
	3
	0.609
	200, 210, 220
	0.352

	8
	Hs 425
	4
	0.091
	190, 200, 210, 220
	0.745*

	9
	SiSSM11029
	2
	0.956
	180, 200
	0.043

	10
	Hs 250
	3
	0.105
	280, 290, 300
	0.471

	11
	SiSSM105280
	2
	0.913
	290, 300
	0.085

	12
	SiSSM35870
	2
	0.790
	240, 250
	0.197

	13
	SiSSM61314
	4
	0.142
	260, 270, 280, 290
	0.706*

	14
	SiSSM84645
	3
	0.226
	250, 260, 270
	0.636*

	15
	SiSSM91614
	3
	0.444
	240, 250, 260
	0.475

	16
	SiSSM95090
	3
	0.504
	270, 280, 290
	0.444

	17
	SiSSM100596
	2
	0.419
	140, 210
	0.457

	18
	SiSSM97651
	5
	0.433
	210, 230, 240, 250, 260
	0.528*

	
	Average
	3.22
	–
	–
	0.474


*PIC value > 0.5; Na – number of alleles; MAF – major allele frequency.
Polymorphism Information Content (PIC)
PIC values across the 18 polymorphic markers ranged from a low of 0.043 (SiSSM11029) to a high of 0.745 (Hs425), with an overall mean of 0.474 (Table 1). PIC is a measure of the discriminatory power of a marker locus and depends on both the number and relative frequency of alleles detected; values closer to 1 indicate greater informativeness (Botstein et al., 1980). The four most informative markers were Hs425 (0.745), Hs635 (0.724), SiSSM61314 (0.706) and Si24 (0.687), all exceeding the 0.5 threshold generally considered indicative of high discriminatory power (Plates 1–3). Markers SiSSM11029 (0.043) and SiSSM105280 (0.085) showed limited ability to differentiate genotypes and would be less useful for fingerprinting applications.
The mean PIC of 0.474 observed here was slightly lower than the mean PIC of 0.525 reported by Wang et al. (2023) in a larger sesame collection. Comparison of PIC estimates requires consideration of the sampled germplasm and marker panel. Overall, the mean PIC value indicates the suitability of the selected SSR markers for genetic diversity studies in sesame.
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Plate 1: Amplification profile of Hs425 SSR Marker in 45 sesame genotypes 
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Plate 2: Amplification profile of Hs635 SSR Marker in 45 sesame genotypes
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Plate 3: Amplification profile of SiSSM61314 SSR Marker in 45 sesame genotypes



Markers with relatively high PIC values are especially useful for genotype discrimination because they combine multiple alleles with more balanced allele frequencies. Sesame studies using SSR panels have similarly identified informative loci that improve resolution in diversity analysis, fingerprinting and population assignment (Dar et al., 2017; Uncu et al., 2015; Surapaneni et al., 2014). Accordingly, Hs425, Hs635, SiSSM61314 and Si24 appear suitable for follow-up validation as a compact marker set for distinguishing breeding materials, although their transferability should be confirmed in independent germplasm panels.
Molecular clustering (UPGMA analysis)
UPGMA cluster analysis based on Jaccard's dissimilarity coefficients partitioned the 45 genotypes into three distinct molecular clusters (Table 2; Fig. 1). A comparable three-cluster grouping based on SSR markers was reported by Manasa et al. (2025) in 43 sesame genotypes. Cluster I was the largest, comprising 36 of the 45 genotypes. The presence of multiple internal branches within Cluster I indicates appreciable sub-structure and genetic variability even within this dominant group, despite the genotypes sharing a broadly common molecular background. Cluster II comprised eight genotypes and was further resolved into two sub-clusters: Sub-cluster IIA (TPTS-80, TPTS-129, YLM-146 and JCS-3993) and Sub-cluster IIB (RT-372, JCS-4021, JTS-8 and TPTS-144). The internal subdivision of Cluster II may reflect differing breeding lineages or selection histories among these genotypes. Cluster III consisted of a single genotype, TPTS-69, and had a molecular profile distinct from those of the other genotypes in the study. Notably, TPTS-69 also demonstrated outstanding agronomic performance, recording high seed yield per plant, high number of capsules per plant, high number of secondary branches and a superior harvest index. The convergence of molecular uniqueness and agronomic excellence makes TPTS-69 a particularly valuable parent for widening the genetic base of sesame through targeted hybridisation.

Table 2. Grouping of 45 sesame genotypes into three molecular clusters based on Jaccard's dissimilarity coefficient (UPGMA, DARwin v6.0).
	Cluster
	No. of Genotypes
	Genotypes

	I
	36
	KMR-42, TPTS-18, VS-21-008, VS-21-060, RMT-631, DS-97, RMT-586, TPTS-83, KMR-35, RMT-677, TPTS-94, TPTS-235, JCS-4024, VS-19-036, TPTS-243, CUS-101, TPTS-67, EC-362447, YLM-171, TPTS-66, TPTS-244, TPTS-95, VS-20-008, JCS-3287, TPTS-64, NIC-16386, TPTS-45, VS-20-001, VS-21-078, PCU-23-1, TPTS-128, TKG-22, IC-205595, TPTS-152, GT-10, MT-2019-3

	II
	8
	TPTS-80, TPTS-129, YLM-146, JCS-3993, RT-372, JCS-4021, JTS-8, TPTS-144

	III
	1
	TPTS-69 


The unequal distribution of genotypes across clusters, with the large majority assigned to Cluster I, is consistent with findings in cultivated sesame, where elite lines may share a common genetic background due to repeated use of related breeding material (Wu et al., 2014; Zhang et al., 2010). The weak differentiation within the major cluster and the presence of genotypes with admixed or distinct profiles (Clusters II and III) suggest that diversification efforts, particularly those incorporating geographically or genetically distant accessions would be beneficial for broadening the sesame gene pool.
The concentration of most genotypes in a single major cluster, together with a smaller number of more differentiated lines, is consistent with molecular patterns reported in cultivated sesame collections shaped by shared ancestry and recurrent selection (Wu et al., 2014; Zhang et al., 2010). At the same time, sesame clustering does not necessarily correspond closely to geographic origin, because historical seed movement and gene flow can generate mixed molecular groups (Laurentin & Karlovsky, 2006; Uncu et al., 2015). Thus, the isolated position of TPTS-69 in the present dendrogram indicates clear divergence within this SSR data set, but broader genomic distinctiveness should be confirmed with denser marker coverage before it is treated as a uniquely divergent breeding resource.
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Fig.1. UPGMA Cluster analysis for 45 genotypes of sesame

Conclusion
Screening of 45 sesame genotypes with 30 SSR markers identified molecular variation within the evaluated germplasm. Eighteen markers (60%) were polymorphic, and these loci detected 58 alleles, equivalent to an average of 3.22 alleles per locus. The mean polymorphism information content of 0.474 indicated that the marker panel provided useful discrimination among the sampled genotypes. Hs425, Hs635, SiSSM61314 and Si24 were comparatively informative and may be considered for further evaluation in genotype identification. Cluster analysis based on Jaccard’s dissimilarity coefficients and UPGMA divided the 45 genotypes into three molecular clusters, with 36 genotypes in Cluster I, eight in Cluster II and TPTS-69 alone in Cluster III. This distribution indicates the presence of differing molecular profiles within the study panel, although most genotypes belonged to one principal cluster. The distinct position of TPTS-69 suggests that this genotype warrants further assessment when selecting potentially differentiated parental material. Its broader genomic distinctiveness, however, should be evaluated with additional markers and germplasm before definitive breeding decisions are made. Overall, the findings provide a marker-based foundation for subsequent germplasm evaluation and the identification of divergent parental combinations in sesame improvement programmes.

Limitations 
The findings are specific to the 45 genotypes and 30 SSR markers examined. Genetic relationships inferred from this marker panel may not reflect the full diversity present in wider sesame germplasm. In particular, the isolated clustering of TPTS-69 demonstrates differentiation within the study dataset rather than establishing genome-wide uniqueness. Further assessment using additional markers and independent germplasm panels would help evaluate the stability of the observed clustering and the discriminatory performance of the most informative loci. These considerations should be taken into account when applying the findings to parental selection in breeding programmes.
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