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Abstract
Sesame (Sesamum indicum L.), an ancient oilseed crop being cultivated across geographical locations in the tropics, is known 
for its high-quality oil with a longer shelf life. India, being the center of diversity for this crop, understanding the genetic 
variability of sesame germplasm being conserved in the national Genebank (NGB) of ICAR-NBPGR, will help identify 
genotypes for its potential use in broadening the genetic base of the cultivars for sesame crop improvement. We report here 
the molecular diversity analysis performed using SSR markers on a set of 2,496 sesame germplasm. Hence, the derived data 
was also subjected to population structure analysis, and a molecular core was generated to assess its phenotypic variability. 
Parallelly, they were phenotypically characterized for important qualitative and quantitative traits as per the standard descrip-
tor developed by IPGRI, and accessions exhibiting desirable traits were identified. The sesame germplasm used in our study 
represents collections from 17 countries across the globe and 26 states in India. A total of 140 alleles were obtained using 
seven polymorphic SSR markers selected from an initial screening comprising 43 SSR markers. The observed heterozygosity 
was less than the expected heterozygosity since it is a self-pollinated crop (up to 35% outcrossing is reported, categorized 
as often cross-pollinated). The molecular diversity analysis grouped 2496 accessions into six clusters, while the population 
structure analysis grouped them into three major clusters or populations. A molecular core developed using the PowerCore 
software identified 196 accessions, representing all the alleles from the entire 2496 accessions, that can be utilized in breed-
ing programs after phenotypic validation. This study contributes to genetic diversity assessment for sesame germplasm, 
identifying genetically diverse accessions, and establishing a core set that encapsulates the genetic variability of the sesame 
germplasm collection. These findings hold relevance for addressing agricultural challenges and enhancing the resilience and 
productivity of sesame crops in various environmental conditions.

Keywords  Sesame · SSR markers · Genetic diversity · Core collection · Population structure

Introduction

Sesame (Sesamum indicum L.) is a diploid species 
(2n = 2x = 26) that belongs to the family Pedaliaceae. It is 
an ancient oilseed crop cultivated for human consumption 
in tropical regions across the globe and is a high-oil-yielding 

Key Message  Identified a set of genetically diverse sesame 
genotypes using molecular core approaches, and such genotypes 
were phenotypically observed to contain specific traits of interest 
that are potentially useful for introgression through breeding in 
a sesame improvement program and simultaneously broaden the 
genetic base.
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(~ 55%) crop with polyunsaturated fatty acids as the major 
constituent (Pathak et al. 2014). Additionally, the seeds 
are also rich in protein (18–25%), making it a highly nutri-
tious oilseed crop that can be consumed directly. Sesame 
oil, being rich in antioxidants like sesamolin, sesamin, and 
sesamol, contributes in multifarious ways to human health, 
like as an antiseptic, bactericide, disinfectant, moth repel-
lant, and anti-tubercular agent (Anilakumar et al. 2010; 
Bedigian 2010, 2011; Dossa et al. 2017). Despite this fact, 
global sesame oil production is low compared with other 
oilseed crops (Yadav et al. 2022).

The genus Sesamum, including the crop wild relative 
(CWR) of cultivated sesame, comprises 31 accepted spe-
cies and has its origin and distribution in Africa, South 
and Southeast Asia, Melanesia, and Australia (Manning 
and Magee 2018; POWO 2022; Pradheep et al. 2021). The 
Indian subcontinent has been identified as the center of 
origin for cultivated sesame and its progenitor (Bedigian 
2003; Bedigian and Harlan 1986; Bhat et al. 1999; Hiremath 
1999). India, China, and Sudan are the largest producers of 
sesame seeds, with India alone accounting for about 30% of 
global production (Pandey et al. 2015).

Sesame production is declining due to reduced land area 
under sesame cultivation as a result of low productivity, and 
in turn, lesser returns (Duhoon 2004; Ram et al. 2006). The 
plant genetic resources (PGR) of a crop representing the 
complete phenotypic variability and diversity being col-
lected and conserved in the Genebanks over a period of time, 
would be the potential resource for genes underlying vari-
able traits of interest. This would help withstand and adapt 
to harsh climatic conditions, be tolerant to various biotic 
stress factors, have high oil yields, etc., which would accel-
erate the sesame breeding program for higher productivity 
and enhanced oil yield. For efficient utilization and effective 
conservation, diversity assessment at the molecular level is 
necessary when the number of germplasm being conserved 
is in the tens of thousands of accessions that are practically 
not feasible to screen phenotypically in a homogenous envi-
ronment. Molecular diversity assessment is also useful for 
crop improvement in identifying genetically diverse acces-
sions (Govindaraj et al. 2015). The variability in the existing 
sesame genetic resources, being collected and conserved in 
the National Genebank (NGB), is to be assessed to identify 
newer sources of genetic variability that can be used for 
phenotypic validation to assess economic traits, productivity, 
and oil yield, including quality.

Molecular markers have been widely used to assess 
genetic variation among the germplasm to identify poten-
tial accessions that could be utilized in crop improvement 
programs. Genetic diversity and phylogenetic relationship 
in sesame accessions were assessed using random amplified  
polymorphic DNA (RAPD) (Abdellatef et al. 2008; Bhat 
et al. 1999; Ercan et al. 2004), amplified fragment length  

polymorphisms (AFLPs) (Laurentin and Karlovsky 2007,  
2006; Uzun et al. 2003), sequence-related amplified poly-
morphism (SRAP) (Zhang et al. 2010), and inter-simple 
sequence repeats (ISSRs) (Kim et al. 2002; Parsaeian et al. 
2011). With the increased availability of sequence informa-
tion, genetic diversity and molecular characterization studies  
were performed using SSR markers due to their high poly-
morphism, reproducibility, high fidelity, chromosome speci-
ficity, and co-dominant nature. The different forms of SSRs, 
like genome sequence-SSRs (gSSRs) (Dixit et al. 2005; 
Dossa et al. 2016; Uncu et al. 2015), expressed sequence 
tag-SSRs (EST-SSRs) (Chung Suh et al. 2003; Sehr et al. 
2016), or a combination of molecular markers with SSR 
markers, were reportedly used for genetic diversity assess-
ment (Dar et al. 2017; Pandey et al. 2015; Wu et al. 2014).  
SSR markers have been used to assess genetic diversity and 
population structure in sesame (Cho et al. 2011; Dixit et al.  
2005; Dossa et al. 2016).

Knowledge of the genetic diversity and population struc-
ture of germplasm collections is a key component for effec-
tive conservation, crop improvement, and breeding strate-
gies (Thomson et al. 2007). The Indian National Genebank, 
located at the National Bureau of Plant Genetic Resources, 
New Delhi, maintains 10,506 (as of September 29, 2022) 
Sesamum accessions. Despite the availability of such a 
large sesame germplasm collection, the extent of use of this 
variation by breeders has been limited. Sesame accessions 
(3129) are being conserved at our NGB with special ref-
erence to agronomic traits representing seven quantitative 
and 12 qualitative traits, and a randomly selected set of 362 
accessions were found to be proportionately representing 
the agro-ecological zones from where they were collected 
(Bisht et al. 1998). A year later, they studied the various 
stratified sampling strategies for developing a core set from 
the set of 3129 accessions with phenotypic data for 19 traits, 
and depending on the strategy, the representative core was 
5–30% (Mahajan et al. 1999). The primary aim of this study 
was to comprehensively evaluate the genetic diversity within 
a worldwide collection of sesame germplasm and identify 
genotypes possessing valuable traits that could significantly 
contribute to enhancing sesame productivity through breed-
ing programs. Furthermore, the study aimed to establish a 
core set of genotypes that efficiently represent the entire 
collection, thereby facilitating more streamlined and effec-
tive selection processes. The present study reports on the 
molecular diversity, population structure, and molecular core 
development using a set of 2496 sesame accessions from the 
total Sesamum germplasm (10,405 accessions) being con-
served at our NGB, representing 17 countries and 26 states 
of India, using selected seven polymorphic SSR markers 
from the 43 SSR primers (Dixit et al. 2005; Dossa et al. 
2016), screened initially.
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Materials and Methods

Plant Material and DNA Extraction

The study material consisted of 2496 sesame accessions, 
purified through selfing (Ruperao et al. 2024), including 
indigenous and exotic collections from around 17 coun-
tries and 26 states of India, being conserved in the NGB 
of the ICAR-NBPGR, New Delhi. The passport details  
for the materials used in this study are given in Table S1. 
Twenty-one accessions were replicated (seven biological, 
14 technical) at random for this experiment and are detailed 
in Table S1; for details, readers may refer to Ruperao et al. 
(2024). The seeds of these 2496 accessions were germinated 
on germination paper. Genomic DNA was extracted from 
the 5- to 7-day-old seedlings using the DNeasy Plant Mini 
Kit (Qiagen, Valencia, CA, USA) as per the manufacturer’s 
protocol. The quality and quantity of the extracted DNA 
were assessed using 0.8% agarose gel electrophoresis and a  
spectrophotometer.

Screening of SSR Marker

A total of 43 SSR primers (Dixit et al. 2005; Dossa et al. 
2016), as detailed in Table 1, were used for screening against 
the 96 samples from 2496 samples, selected based on the 
preliminary phenotypic and passport information (Table S1). 
The PCR was performed in a total volume of 10 µL contain-
ing the final concentration, × 1 PCR buffer, 0.1 mM dNTPs, 
0.25 µM SSR forward and reverse primers, and 0.5U Taq 
DNA polymerase. The PCR conditions are as follows: initial 
denaturation for 5 min at 94 °C, followed by 34 cycles of 
denaturation for 15 s at 94 °C, annealing for 30 s at 48 °C, 
extension for 30 s at 72 °C, and ending with a final extension 
for 5 min at 72 °C. The program was set to hold at 4 °C after 
the completion of the final extension until they were taken 
for downstream analysis. PCR products were resolved on a 
6% PAGE containing acrylamide/bis acrylamide (38:2), × 10 
TBE (0.89 M Tris, 0.89 M boric acid, and 0.02 M EDTA, pH 
5), and a freshly prepared 10% ammonium per-sulfate solu-
tion at 200 V for 2–3 h using a 50-bp ladder (G-Biosciences, 
USA). Gels were stained with ethidium bromide (EtBr), and 
images were captured using a gel documentation system. 
Based on this initial screen, seven highly polymorphic mark-
ers (shown in bold letters in Table 1) were selected to assess 
the molecular diversity, population structure, and molecu-
lar core development of 2496 sesame accessions. PCR was 
performed for the entire 2496 sesame accessions using the 
selected seven SSR primers (PCR components and program, 
as detailed above). Hence, amplified PCR products along 
with a 50-bp DNA ladder (GeneDireX, Taiwan) were elec-
trophoretically resolved on a 2% agarose gel (using × 1 TAE 

buffer) at 120 V for 1 h, and the images were captured using 
a gel documentation system (G:Box; Syngene, USA).

Morphological Characterization of Sesame 
Germplasm Under Field Condition

The same set of 2496 sesame accessions [1262 indigenous 
collection (IC); 1234 exotic collection (EC)] was evaluated 
under field conditions for morphological traits. The experi-
ment was carried out at two locations (the NBPGR farm, 
Pusa Campus, New Delhi, and the farm of TNAU-RRS, Vir-
udhachalam, Tamil Nadu, India) for two subsequent years 
(2018–2019 and 2019–2020) in an augmented block design 
(ABD) with five checks, i.e., RT-346, PB Til-2, GT-10, VRI-
1, and TMV-7. Seeds were sown at 45 cm spacing between 
the rows and 10 cm between plants in a row. Appropriate 
agricultural practices were followed, and irrigation and pes-
ticides were applied at the appropriate time. A few quan-
titative and qualitative traits were selected for the study. 
The traits studied were as follows: plant growth type; plant 
height; pubescence on leaf, stem, and capsule; number of 
primary and secondary branches; days to flower initiation; 
days to maturity; and number of capsules per plant. The 
morphological data was recorded as per the descriptors for 
Sesamum spp. IPGRI.

Data Analysis

The molecular weight of the amplified product was estimated 
for the samples using a 50-bp ladder as a reference. Based 
on molecular weight estimates, the scoring was performed 
manually in a co-dominant scoring pattern, and the same 
was entered in an Excel sheet for further analysis. Data anal-
ysis was performed only for distinct and reproducible bands. 
The Excel sheet containing data in the required format was 
subjected to molecular diversity analysis using GenAlEx 
v6.5 (Peakall and Smouse 2012). Genetic diversity param-
eters such as sample size (N), number of alleles per locus 
(Na), number of effective alleles per locus (Ne), Shannon’s 
information index (I), observed (Ho) and expected (He) het-
erozygosity, unbiased expected heterozygosity (uHe), and 
fixation index (F) were estimated using the GenAlEx v6.5 
software with default settings. The pair-wise genetic dis-
tance among 2496 accessions was estimated, and a genetic 
distance matrix was obtained using GenAlEx v6.5 software. 
Genetic distance estimates were exported from GenAlEx 
v6.5 in nexus format and run through MEGA X (Kumar 
et al. 2018) to construct a dendrogram using the UPGMA 
method. The dendrogram was exported in Nexus format 
from MEGA X and used in iTOL v6 (Letunic and Bork 
2021). A circulogram with additional color-coded strips was 
generated using iTOL for easy interpretation.
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The population structure for these 2496 samples using 
the scoring data of seven SSR primers was assessed using 
a Bayesian model-based clustering program implemented in 
STRU​CTU​RE v2.3.4 (Falush et al. 2003; Hubisz et al. 2009; 
Pritchard et al. 2000; Raj et al. 2014). Population structure 

was evaluated in terms of K-values (an assumed fixed number 
of subpopulations), each characterized by a set of allele fre-
quencies at each locus. The STRU​CTU​RE analysis was per-
formed using K values ranging from 1 to 20, iterated 25 times 
each, with the length of the burn-in period and the number 

Table 1   Primer sequence for the 43 SSRs (boldfaced list are the selected seven primers)

S. no Primer name Forward primer (5′-3′) Reverse primer (5′-3′) References

1 Si 1 CTT​TGA​TTG​GGC​CAC​CCT​A TGT​TTG​TTC​TTC​TTC​CCC​CA Dossa et al. (2016)
2 Si 2 GCT​TCC​ACC​TAG​CTC​GGT​TAT​ CCA​GCA​ATC​ATG​TCT​GCT​TAAT​ Dossa et al. (2016)
3 Si 3 TGT​TGT​TTG​ACC​GTC​TTC​CA TCG​GGC​TAG​AAA​CCA​ACA​GT Dossa et al. (2016)
4 Si 4 TGG​ACA​AAG​ACA​CAA​TCA​CACA​ TTG​AAT​TTC​GAT​CTT​TCC​ATCA​ Dossa et al. (2016)
5 Si 5 CTG​ATG​CAA​AAA​CTG​CCA​AA ACC​GCA​CTC​AAA​GGT​TCA​AT Dossa et al. (2016)
6 Si 6 TCA​AAG​TGT​ACC​ACA​AAA​CGC​ TCT​TTC​TCT​CTC​AAT​CAT​TTG​TTT​ATG​ Dossa et al. (2016)
7 Si 7 GAT​GGG​GAA​AGA​GAT​TGG​GT ATT​GAA​TCG​ACG​TAA​TTT​ATC​CTT​ Dossa et al. (2016)
8 Si 8 GCC​ATT​TCT​TCA​TTT​GGT​GC GCA​TTT​CAA​TTT​TTC​ACC​CC Dossa et al. (2016)
9 Si 9 CCA​GAC​CCA​AAC​CCA​ATA​GA TGC​ATT​TAA​GGC​TGT​GCA​AC Dossa et al. (2016)
10 Si 10 CGT​GTG​CCC​AAT​ATT​TGA​GTT​ TCA​ACC​TCC​TCC​CTA​CAC​AA Dossa et al. (2016)
11 Si 11 CAT​TAA​CAC​CAT​TAC​GCA​AACA​ TTT​GGC​AAA​ACT​GCA​ATG​AA Dossa et al. (2016)
12 Si 12 TCA​GGA​AGA​AAG​AAT​TGC​TGC​ CAA​CCC​AAC​CAT​CCT​GAC​TC Dossa et al. (2016)
13 Si 13 TGC​AAG​GAC​AAC​CAA​AAT​CA TGC​ACT​GCA​TTG​TCT​CCT​TT Dossa et al. (2016)
14 Si 14 TGG​TTC​ATA​CAT​CCT​CTT​TTTGG​ CAT​AAT​TGA​TGC​CTA​AAT​TTC​TCC​ Dossa et al. (2016)
15 Si 15 TTC​TGT​CAC​CAA​GAA​TTG​CG GTC​AAA​ATT​GAG​GGT​TGC​GT Dossa et al. (2016)
16 Si 16 TCA​TTA​ACC​CAT​CAT​TGC​GA TGC​TCA​CAC​ATA​ACA​GTT​GGG​ Dossa et al. (2016)
17 Si 17 TTC​CAA​TTC​TAC​AAG​CGC​AG CCG​ATC​AAA​ACT​AGT​ATG​GCAA​ Dossa et al. (2016)
18 Si 18 GTC​CGT​CAA​CTC​GAT​CAC​CT TTC​AAC​CAA​ACC​CCA​TCA​TT Dossa et al. (2016)
19 Si 19 AAT​TAA​AAT​TGG​CCC​AAG​CC GGC​CAA​GTG​GAA​ATT​TGA​AG Dossa et al. (2016)
20 Si 20 ACA​CAT​ACG​GAC​AGG​CAC​AG ATA​TAG​CCA​GTT​TGG​CTG​CG Dossa et al. (2016)
21 Si 21 AAA​ATC​CTC​TTT​TTC​CGA​CGA​ GAT​TTT​GAC​ACC​TTT​GCC​TGA​ Dossa et al. (2016)
22 Si 22 CGC​TTG​AAT​TAA​TTG​CAT​CTACC​ CCA​AGT​GAA​CAT​AGA​AAT​CTGCC​ Dossa et al. (2016)
23 Si 23 CCA​GCT​CTA​TTG​TGC​GTT​GA CAC​TGC​TTT​CTC​TGA​AAG​GCT​ Dossa et al. (2016)
24 Si 24 CGC​CTT​TCT​CCT​CCT​TAT​CC CAT​TCA​GTC​TTA​CGT​CCA​AAT​TTC​T Dossa et al. (2016)
25 Si 25 ACT​GCA​CCC​TCT​GCA​TTT​TT GCA​CGT​GTG​GGG​TAC​CTT​TA Dossa et al. (2016)
26 Si 26 GGG​GTG​AGT​ATT​TCG​GGA​GT TCC​ATG​CAT​CTT​TTA​CAC​TGAA​ Dossa et al. (2016)
27 Si 27 GGC​CAA​CCC​TTT​TCA​GAT​TT GGG​CTT​CAC​AAC​ACA​AGA​CA Dossa et al. (2016)
28 Si 28 CAA​GTC​GCC​ATC​ACA​CTC​AT TCG​AGT​TGG​AAT​GCA​ACA​AA Dossa et al. (2016)
29 Si 29 TCC​CAA​TCA​GTT​AGG​TCG​AG TTA​AGC​TTA​GGG​GTC​GGG​TT Dossa et al. (2016)
30 Si 30 CAA​CAC​CAC​CAA​CGC​ATA​TC AGC​AAC​GAT​TCA​CGA​CAT​TG Dossa et al. (2016)
31 Si 31 TCC​TGA​ATT​CAA​ACG​CAT​TG TCC​TAA​ACC​CTC​TGC​ACC​AC Dossa et al. (2016)
32 Si 32 AAT​TGG​ACT​CCG​GCT​AGG​AT CGC​CCT​CAT​CCT​TAC​AAT​CT Dossa et al. (2016)
33 Si 33 CCC​CTC​TCA​AAT​AAG​CCC​TC AGG​AAG​GAG​GGT​GTC​CCT​AA Dossa et al. (2016)
34 Si 34 TCA​TAT​ATA​AAA​GGA​GCC​CAAC​ GTC​ATC​GCT​TCT​CTC​TTC​TTC​ Dixit et al. (2005)
35 Si 35 GGA​GAA​ATT​TTC​AGA​GAG​AAAAA​ ATT​GCT​CTG​CCT​ACA​AAT​AAAA​ Dixit et al. (2005)
36 Si 36 CCC​AAC​TCT​TCG​TCT​ATC​TC TAG​AGG​TAA​TTG​TGG​GGG​A Dixit et al. (2005)
37 Si 37 TTT​TCC​TGA​ATG​GCA​TAG​TT GCC​CAA​TTT​GTC​TAT​CTC​CT Dixit et al. (2005)
38 Si 38 GCA​GCA​GTT​CCG​TTC​TTG​ AGT​GCT​GAA​TTT​AGT​CTG​CATAG​ Dixit et al. (2005)
39 Si 39 CCA​CTC​AAA​ATT​TTC​ACT​AAGAA​ TCG​TCT​TCC​TCT​CTC​CCC​ Dixit et al. (2005)
40 Si 40 GCA​AAC​ACA​TGC​ATC​CCT​ GCC​CTG​ATG​ATA​AAG​CCA​ Dixit et al. (2005)
41 Si 41 TTT​CTT​CCT​CGT​TGC​TCG​ CCT​AAC​CAA​CCA​CCC​TCC​ Dixit et al. (2005)
42 Si 42 CCA​TTG​AAA​ACT​GCA​CAC​AA TCC​ACA​CAC​AGA​GAG​CCC​ Dixit et al. (2005)
43 Si 43 TCT​TGC​AAT​GGG​GAT​CAG​ CGA​ACT​ATA​GAT​AAT​CAC​TTG​GAA​ Dixit et al. (2005)
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of Markov Chain Monte Carlo (MCMC) replications after 
burn-in was set to 100,000. An ad-hoc statistic ΔK based on 
Evanno’s method was used to determine the most likely num-
ber of population (K) (Evanno et al. 2005). After calculating 
the optimal K-value, which was found to be 3 in our case, we 
performed the analysis with K = 3 (iterated 150 times) with 
the length of the burn-in period and the number of MCMC 
replicate values set at 500,000 and 750,000, respectively.

A molecular core was generated among the 2496 samples, 
employing the molecular data obtained using the seven SSR 
markers. For this, PowerCore v1.0 software was used (Kim 
et al. 2007). Variability estimates between the complete set 
of 2496 accessions and the developed core set were com-
pared to understand the level of representation of the alleles 
in the core from the population using the Shannon–Weaver 
diversity index and the Nei genetic diversity index.

The phenotypic mean data (2018–2019 and 2019–2020 at 
two locations) was taken for statistical analysis. The mean and 
coefficient of variation were calculated as per the standard 
statistical procedures. PCA (principal components analysis), 
scree plot, loading plot, and correlogram were prepared using 
Minitab statistical software. Hierarchical clustering for mor-
phological traits was carried out by considering complete link-
age and Euclidean distance and was represented in the form of 
a dendrogram. A core set was prepared based on phenotypic 
data from 2496 accessions using CoreHunter v3.0 software 
(http://​www.​coreh​unter.​org/) using default parameter settings 
such as core size, intensity (10%, 12.5%, and 15%), time (5 s), 
and improvement time (1 s) (De Beukelaer et al. 2018).

Results

Molecular Diversity of Sesame Genotypes

Genetic diversity analysis was conducted using SSR 
markers to investigate the diversity pattern and develop 

a representative core-collection from a large collection 
of sesame germplasm being conserved at our National 
Genebank. It was performed on a dataset comprising 2496 
sesame accessions genotyped using 7 SSR markers. The 
GenAlEx v6.5 (Peakall and Smouse 2012) software was 
utilized to estimate several genetic diversity parameters. 
These parameters offer insights into the diversity present 
within the sesame accessions. Initially, 43 SSR loci (Table 1) 
were screened to identify polymorphic SSR loci against a 
set of 96 accessions for use in molecular diversity analysis 
among 2496 sesame accessions. All seven polymorphic 
SSRs were used for molecular diversity analysis against 
2496 accessions. These seven SSR primers produced a total 
of 140 alleles, with an average of 20 alleles per locus, with 
amplicon sizes ranging from 130 to 500 bp (Table 2). All 
the amplicon sizes were less than 500 bp for most of the 
SSR markers. Coincidentally, fragments of this range do 
not have linear mobility. Mobility primarily depends on 
the gel concentration (agarose) and electric field strength 
(Labrie et al. 2000; Stellwagen 2009). At times, mobility is 
independent of the strength of the electric field, although in 
general, mobility is estimated to vary in proportion to the 
square root of the field strength (Duke et al. 1994; Holmes 
and Stellwagen 1990). Locus Si39 has the maximum number 
of alleles (27) while locus Si13 has the least number of 
alleles (7). The number of effective alleles ranged from 
2.627 (Si13) to 5.774 (Si38), with an average of 3.64 
effective alleles per locus. The expected heterozygosity (He) 
ranged from 0.619 (Si13) to 0.827 (Si38), with an average 
of 0.70 per locus. The average observed heterozygosity (Ho) 
was 0.097 and ranged from 0.000 (Si25) to 0.324 (Si13). 
The average unbiased expected heterozygosity (UHe) was 
0.705 and ranged from 0.619 (Si13) to 0.827 (Si38). The 
average fixation index F was 0.855, with a range of 0.477 
(Si13) to 1.000 (Si25). The Shannon’s information index 
ranged from 1.142 (Si13) to 2.067 (Si38), with an average 
of 1.622 (Table 2).

Table 2   The genetic diversity 
index of 2496 accessions using 
7 SSR marker

Na no. of different alleles, Ne no. of effective alleles = 1/(Sum pi^2), I Shannon’s informa-
tion index =  − 1*sum (pi*Ln (pi)), Ho observed heterozygosity = no. of Hets/N, He expected het-
erozygosity = 1 − sum pi^2, UHe  unbiased expected heterozygosity = (2N/(2N − 1))*He, F fixation 
index = (He − Ho)/He = 1 − (Ho/He)

Locus N Na Ne I Ho He UHe F

Si18 2457 21.000 4.508 1.770 0.003 0.778 0.778 0.996
Si24 2113 24.000 2.994 1.552 0.015 0.666 0.666 0.977
Si25 2277 12.000 2.967 1.350 0.000 0.663 0.663 1.000
Si38 2460 24.000 5.774 2.067 0.046 0.827 0.827 0.945
Si39 2210 27.000 2.821 1.681 0.100 0.645 0.646 0.844
Si40 2349 25.000 3.775 1.795 0.188 0.735 0.735 0.744
Si13 1959 7.000 2.627 1.142 0.324 0.619 0.619 0.477
Mean 2260.714 20.000 3.638 1.622 0.097 0.705 0.705 0.855
SE 69.304 2.845 0.433 0.116 0.046 0.029 0.029 0.072

http://www.corehunter.org/
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The dendrogram obtained using the genetic distance 
matrix revealed a complex distribution pattern for the acces-
sions studied, which were grouped into six clusters (Fig. 1). 
Cluster 1 consisted of 165 accessions, of which 132 were 
from different states of India and 33 from other countries. 
Cluster 2 is comprised with 267 accessions, of which 93 
were from different states in India and 174 were from other 
countries. Cluster 3 comprised 397 accessions, of which 156 
were from different states of India and 241 were from other 
countries. Cluster 4 consisted of 584 accessions, of which 

258 were from different states of India and 326 were from 
various countries. Cluster 5 consisted of 519 accessions, of 
which 314 were from different states of India and 205 were 
from various countries. Cluster 6 consisted of 564 acces-
sions, of which 309 were from different states of India and 
255 were from various countries. Cluster 1, Cluster 3, and 
Cluster 5 contain a higher number of accessions from P3 of 
the population structure as compared to P1 and P2. Cluster 4 
contains most of the accessions from P2 and P3. The acces-
sions from P1 and P2 were mainly represented in cluster 

Fig. 1   Dendrogram showing the genetic relationship among the 2496 sesame accessions using seven polymorphic SSR markers
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6 and cluster 2, respectively. The results obtained through 
molecular diversity analysis provide valuable insights into 
the genetic variability present in sesame accessions, laying 
the foundation for further genetic studies and conservation 
initiatives aimed at enhancing sesame productivity.

Population Structure Analysis

A Bayesian model-based clustering program, STRU​CTU​RE 
2.3.4 (Falush et al. 2003; Hubisz et al. 2009; Pritchard et al. 
2000; Raj et al. 2014), was used to infer the genetic related-
ness among 2496 sesame accessions. The ad hoc statistic 
ΔK based on the Evanno method was used to determine 
the most likely number of (sub-)populations (K) with refer-
ence to the total number of accessions (Evanno et al. 2005). 
The K versus ΔK (calculated as per the Evanno method) 
was plotted to identify the optimal K and was found to be 
K = 3 (Fig. 2A). A red, green, and blue color were labeled 
to distinguish the three (sub-)populations P1, P2, and P3, 
respectively, in the STRU​CTU​RE-plot (Fig.  2B). The 
accession details within each sub-population are provided 
in Table S1. The sub-population P1 consisted of 862 acces-
sions (34.54%), of which 400 were collected from different 
states of India (Andhra Pradesh, Arunachal Pradesh, Assam, 
Gujarat, Madhya Pradesh, Maharashtra, Odisha, Rajasthan, 
Tamil Nadu, and Uttar Pradesh), representing the indigenous 
collections. In this sub-population, 360 accessions were 
imported from other countries, primarily Singapore (308); 
for details, readers may please refer to Table S1. The second 
sub-population (P2) comprised 736 accessions (29.49% of 
the total 2496 accessions), of which 79 were from different 
states of India (Andhra Pradesh, Madhya Pradesh, Maha-
rashtra, and Rajasthan), and 615 were imported from other 
countries. The highest number of accessions represented in 
P1 and P2 were from Singapore (308 and 528). The last 
sub-population (P3) comprised 898 accessions (35.98%), 

of which 605 were collected from different states of India 
(Andhra Pradesh, Madhya Pradesh, Maharashtra, Odisha, 
Rajasthan, Tamil Nadu, and Uttar Pradesh), and 219 were 
imported from other countries. The cluster analysis showed 
that P1 represents accessions from cluster 5 and cluster 6 of 
the circulogram (Figs. 1 and 2B). The accessions from clus-
ters 2 and 4 of the circulogram are grouped in P2, while P3 
has accessions represented from clusters 1, 3, and 5 (Figs. 1 
and 2B). The results revealed that the three sub-populations 
consisted of accessions sourced from diverse origins.

Development of the Core Collection

A core collection was established using molecular diversity 
data generated using seven SSR loci for the 2496 accessions 
of sesame. The two-core sets were developed using PowerCore 
v1.0 (Kim et al. 2007), one using the random (R) option, which 
resulted in 151 accessions, while the non-random (NR) option 
resulted in 130 accessions. A composite core comprising of 

Fig. 2   STRU​CTU​RE analysis 
for 2496 sesame accessions. A 
Magnitude of ΔK as a function 
of K. The peak value of ΔK was 
at K = 3. B Box Plot represent-
ing the (sub-)population struc-
ture for the 2496 sesame acces-
sions studied. A red, green, and 
blue color code represents the 
three populations P1, P2, and 
P3, respectively, as identified 
using the STRU​CTU​RE tool

Nonrandom (NR) Random(R) 

Fig. 3   Venn diagram representing the composite-core collection 
developed using two different methods, random (R) and non-random 
(NR), in the PowerCore tool
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196 accessions (45-NR + 66-R + 85-common to NR and R) was 
developed by combining R and NR core sets with overlaps being 
removed (Figs. 1 and 3). The composite core collection of 196 
accessions was found to represent 79 (9.16%), 60 (8.15%), and 
57 (6.34%) accessions from populations 1, 2, and 3, respectively 
(Table 4). The composite core collection accounted for 7.85% of 
the entire collection and represents 100% of the alleles identified 
using seven SSR markers in the entire 2496 accessions. The 
allelic richness between the core and entire collections (2496 
accessions) was compared using the Shannon–Weaver (Sh.W.) 
and Nei calculation indices (Table 3). The distributions of the 
Sh.W. and Nei indices in the seven SSR markers for the core and 
the entire collections were very similar (Table 3). A sample gel 
profile exhibiting allelic polymorphism is provided in Fig. 4.  In 
addition, these 196 accessions’ representation in the molecular 
diversity clusters was also studied (Fig. 1). The highest number, 
47 accessions each from clusters 5 and 6, were present in the 
composite coreset. While 15, 21, 34, and 32 accessions were 
represented from clusters 1, 2, 3, and 4, respectively (Table 4), 
they are nearly proportionate with respect to the total number of 
accessions from each of these clusters.

Morphological Variability of Sesame Germplasm

Contrasting differences were observed in sesame germplasm 
for all the traits under study, indicating a higher variability 

in the sesame germplasm studied. The plant height ranged 
from 41.17  cm to 180  cm. The mean plant height was 
111.5 ± 24.18 cm (Table 5). A total of 131 sesame acces-
sions were observed to be dwarf in nature, having plant 
height below 75 cm (EC358033, IC0041924, IC127265, 
EC538037, EC334977, EC347071). A total of 82 sesame 
accessions (EC346539, EC347068, IC306009, IC205548, 
IC41953, IC205692, IC376292) showed a determinate type 
of growth habit. Generally, the sesame plants showed moder-
ate branching, but plants without any branch or monostem 
type could be useful for mechanical harvesting. Monostem 
nature of plants was observed in a few sesame accessions 
(IC204133, IC132546, EC378841, IC430439, EC542303, 
IC204678). The number of primary branches ranged from 0 to 
16, while the number of secondary branches ranged from 0 to 
28. For growth habit, 1202 accessions (IC129960, IC129354, 
IC500533, IC129596, IC501066) represented the erect growth 
habit type; semi-erect growth habit was represented by 518 
accessions (IC129989, IC129854, IC129542, IC129697, 
IC132410); and a few accessions such as EC346926, 
EC378841, and IC205607 had showed prostrate nature.

Pubescence on the leaf, stem, flower, and capsule of the 
sesame plant help in overcoming biotic and abiotic stresses 
(Kouighat et al. 2024). Few sesame accessions (EC346354, 
IC129902, IC205328) showed high pubescence on leaves, 
and 70 accessions (eg: IC129989, IC500986, EC342784, 

Fig. 4   Representative PCR 
amplification profile in aga-
rose and polyacrylamide gel 
electrophoresis. A Agarose gel 
electrophoresis profile for the 
Si18 primer with 24 samples 
(B01-B24, sample B23 is a part 
of the core) from the 2496 ses-
ame accessions using the 50-bp 
ladder (GeneDireX, Taiwan); B 
polyacrylamide gel electropho-
resis profile for the Si24 primer 
with 18 samples (sample J50 
is a part of the core) from the 
2496 sesame accessions using 
the 50-bp ladder (G-Bioscience, 
USA)

(A)

(B)
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IC500944, IC696229) with medium pubescence were 
observed. Low leaf pubescence was observed in 1561 
sesame accessions (eg: IC129960, IC129354, IC129596, 
IC23267, IC129370), while 623 accessions (eg: IC500533, 
IC501066, IC273123, EC358046, IC510968) were with-
out any leaf pubescence. Similarly, a few sesame acces-
sions (EC346319, EC346591, EC346354, IC629079) were 
observed to have high pubescence on the stem surface, 
while 99 accessions (eg: IC500986, EC342784, IC131929, 
IC205692, IC132546) exhibited medium pubescence. Low 
stem pubescence was noted in 1469 sesame accessions (eg: 
IC129960, IC129354, IC129596, IC23267, IC129370), 
while a few accessions (IC129829, IC129703, EC370961) 
were found to be devoid of pubescence on the stem. In rela-
tion to pubescence on capsules, 142 sesame accessions (eg: 
IC205454, IC204175, IC129375, EC370878, IC204313, 
IC500665, IC52095) had high pubescence on capsule; 
while 554 accessions (eg: IC129854, IC132573, IC129697, 

Table 3   Comparison of 
diversity index between 196 
core and entire accessions using 
seven SSR markers

Sh.W. and Nei indicate the diversity index using Shannon and Weaver and the Nei calculation using the 
PowerCore software
C core collection group, E entire group

SSR loci C-Sh.W C-Nei C-allele E-Sh.W E-nei E allele

Si18 2.237 0.84 22 1.831 0.785 22
Si24 2.473 0.844 31 1.791 0.74 31
Si25 1.935 0.809 13 1.529 0.712 13
Si38 2.329 0.848 25 2.179 0.838 25
Si39 3.361 0.927 55 2.116 0.741 55
Si40 3.535 0.944 60 2.326 0.811 60
Si13 2.106 0.846 16 1.77 0.791 16

Table 4   Core accessions present in each cluster and population from 
entire accessions

P1 population 1, P2 population 2, P3 population 3

Cluster/population Core acc Entire acc %

Cluster 1 15 165 9.09
Cluster 2 21 267 7.87
Cluster 3 34 397 8.56
Cluster 4 32 584 5.48
Cluster 5 47 519 9.06
Cluster 6 47 564 8.33
Average 8.06 (mean of 6 clusters)
Overall avg 7.85% (196/2496)
P1 79 862 9.16
P2 60 736 8.15
P3 57 898 6.34
Average 7.88 (mean)
Overall avg 7.85% (196/2496)

Table 5   Statistical analysis of 
agro-morphological traits in 
sesame (mean of two locations 
for 2018–2019 and 2019–2020)

For qualitative traits, growth type: 1, indeterminate; 2, determinate; for stem; leaf and capsule pubescence: 
0, glabrous; 3, weak; 5, medium; 7, strong

Morphological traits Mean SE mean StDev C.V Min Max Skewness Kurtosis

Quantitative traits
Plant height (cm) 111.5 0.637 24.18 21.67 41.17 180.0 0.33 0.07
Primary branches (no.) 4.619 0.055 2.089 45.23 0.00 16.0 0.99 1.61
Secondary branches (no.) 3.611 0.089 3.375 93.46 0.00 28.0 1.44 4.43
Flower initiation (days) 28.350 0.076 2.902 10.24 21.0 39.0  − 0.05  − 0.51
Days to maturity (days) 72.761 0.178 6.736 9.26 65.0 0.40  − 0.71
Capsules per plant (no.) 101.50 1.15 43.76 43.11 22.0 280.0 0.70 0.16
Qualitative traits
Growth type 1.03 0.004 0.18 17.59 1.00 2.00 5.61 31.85
Stem pubescence 2.81 0.02 0.85 30.58 0.00 7.00  − 0.45 2.65
Leaf pubescence 2.62 0.03 1.16 44.26 0.00 7.00  − 1.33 1.74
Capsule pubescence 3.72 0.03 1.37 37.02 0.00 7.00 0.41 0.93
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IC132410, EC100043) had exhibited medium pubescence. 
Low capsule pubescence was observed in 1381 sesame 
accessions (eg: IC129960, IC129354, IC500533, IC129596, 
IC23267); while 244 accessions (eg: IC501066, IC129279, 
IC273123, IC205637, IC132464) did not show any pubes-
cence on the capsule.

Flowering, or anthesis, is an important stage; therefore, 
it is important to determine the flowering initiation stage. 
The more earlier the flowering of sesame, the earlier it 
will reach the maturity stage in determinate types. Gener-
ally, the sesame plant is considered to reach physiologi-
cal maturity when 80% of the capsules are mature and 
ready to harvest. The flowering starts at 21 d in sesame 
accessions and ranges up to 39 d. A few very early matur-
ing accessions were: IC554423, IC129282, EC370536, 
IC129461, and EC346784. On the other hand, the num-
ber of days to maturity ranged from 65 to 129 days. 698 
sesame accessions matured in less than 70 days; therefore, 

these accessions can be considered early-maturing acces-
sions (Table 5, Fig. 5). Some of them were EC346816, 
IC511188, IC511072, EC346192, EC346949, IC129723, 
IC204037, and EC346370. These early-flowering or early-
maturing accessions may be used further for a speed 
breeding program. The number of capsules per plant is an 
important trait that determines the yield of the plant, and 
it ranged from 22 to 280 (IC205601, IC130071, IC43107, 
EC370754, IC554432) (Table 5).

PCA results revealed 3 major principal components 
(Fig. 5A). A total of 58.8% genetic variability was con-
tributed by these 3 major components (capsules per plant, 
plant height, and leaf pubescence). The loading plot and 
correlogram have been shown in Fig. 5B and C. A total 
of six clusters were observed in the hierarchial clustering 
(Fig. 5D). Pearson’s correlation coefficient between dif-
ferent agro-morphological traits studied has revealed that 
plant height is positively correlated with the number of 

Fig. 5   A Principal components analysis (PCA) for the morphologi-
cal traits studied in the sesame accessions; B loading plot analysis 
performed between the first and second principal component that 
gives an understanding of the co-relation for the other morphological 

traits; C correlogram representing the correlation (color-coded: red, 
positively correlated and blue, negatively correlated) among different 
morphological traits studied; D hierarchical clustering of the sesame 
accessions studied for the morphological traits
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primary and secondary branches and the number of cap-
sules per plant (Table 6). We observed that the secondary 
branches of the sesame plant do contribute to plant yield 
with an increased number of capsules. However, an analy-
sis for finding a trade-off threshold between the energy 
costs for secondary branch formation and capsule forma-
tion with filled seeds needs specific attention. Pubescence 
on the leaf, stem, and capsule were also positively corre-
lated to each other. Stem and leaf pubescence were highly 
positively correlated to each other (0.85), followed by stem 
and capsule pubescence and leaf and capsule pubescence.

A core set was developed based on phenotypic data 
(plant growth type; plant height; pubescence on leaf, stem, 
and capsule; number of primary and secondary branches; 
days to flower initiation; days to maturity; and number 
of capsules per plant) from 2496 accessions using Core-
Hunter v3.0 software (http://​www.​coreh​unter.​org/) (De 
Beukelaer et al. 2018). The resultant core set of 376 (15%) 
accessions showed that 18 sesame accessions were com-
mon between phenotypic data and molecular diversity SSR 
data. The traits observed in these accessions are shown in 
Table 7.

Table 6   Pearson’s correlation analysis between different agro-morphological traits in sesame

* Correlation is significant at the 0.05 level
** Correlation is significant at the 0.01 level

Plant height Stem hairiness No. of 
primary 
branches

No. of 
secondary 
branches

Leaf hairiness Days to 
flower 
initiation

Capsule 
hairiness

Days to maturity

Plant height 1 0.002 0.309** 0.259** 0.046 0.006  − 0.029 0.052*

Stem hairiness 0.002 1 0.037 0.033 0.853**  − 0.076** 0.206** 0.074**

No. of primary 
branches

0.309** 0.037 1 0.592** 0.078** 0.010  − 0.069** 0.045

No. of secondary 
branches

0.259** 0.033 0.592** 1 0.060* 0.012  − 0.066* 0.045

Leaf hairiness 0.046 0.853** 0.078** 0.060* 1  − 0.058* 0.182** 0.125**

Days to flower 
initiation

0.006  − 0.076** 0.010 0.012  − 0.058* 1  − 0.096** 0.020

Capsule hairiness  − 0.029 0.206**  − 0.069**  − 0.066* 0.182**  − 0.096** 1 0.021
Days to maturity 0.052* 0.074** 0.045 0.045 0.125** 0.020 0.021 1

Table 7   Observed sesame 
accessions common to SSR-
based and phenotyping core

No Accessions Trait observed in the field

1 EC370826 Good plant type
2 EC370718 Capsule length, stem pubescence, no. of capsules per plant
3 EC346795 Good plant type
4 EC346449 Good plant type
5 EC370545 Good plant type
6 EC346336 Good plant type
7 EC334975 Stem hairiness
8 EC370828 Good plant type
9 EC346869 Good plant type
10 EC350635 Multicapsular arrangement
11 EC346420 Leaf pubescence
12 EC346393 Good plant type
13 EC346815 Determinate type
14 EC347156 Corolla pubescence
15 EC370432 Good plant type
16 EC346821 8 locules per capsule, 3 capsule per leaf axil, stem and 

capsule pubescence
17 EC350640 Good plant type
18 EC334967 No. of primary branches

http://www.corehunter.org/
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Discussion

Molecular diversity and population structure assessment help 
identify the genetically distant and diverse genotypes among 
the germplasm for potential use in breeding programs to 
broaden the genetic base of cultivars. This is especially help-
ful when the germplasm collected runs into tens of thousands. 
A few decades ago, due to the constraints of handling huge 
germplasm for phenotyping and the molecular tools in its ini-
tial stage, randomly selected genotypes with known phenotypic 
diversity alone were utilized in breeding programs to broaden 
the genetic base (Bisht et al. 2004). Hence, prior knowledge 
of genetic diversity in large collections of genetic resources 
can streamline efficient utilization (Liu et al. 2019). Prior to 
this study, most reports on genetic diversity assessment using 
SSR markers had a smaller sample size, not more than a few 
hundred (Cho et al. 2011; Dar et al. 2017; Dossa et al. 2016; 
Pandey et al. 2015; Surapaneni et al. 2014; Wei et al. 2014; 
Wu et al. 2014; Yol and Uzun 2012). In the present study, we 
screened 43 SSR markers and selected seven highly polymor-
phic ones to assess molecular diversity estimates and popula-
tion structure patterns in a representative set of 2496 sesame 
accessions being conserved in the NGB. The total number of 
alleles for the seven SSR loci varied from 7 to 27 with an 
average of 20 alleles per locus. Several studies reported a high 
level of genetic diversity with a number of alleles per locus 
(2.3–11.3), heterozygosity (0.42–0.63), and polymorphic infor-
mation content (0.46–0.52) (Cho et al. 2011; Dossa et al. 2016; 
Park et al. 2014; Wei et al. 2014). The variability in these val-
ues from ours’ would be attributed to genetic variability in the 
samples and variation in the choice of marker. In the present 
study, the average “He” value (0.70), being greater than 0.50 
(Sa et al. 2021), suggests higher allelic diversity among the 
2496 sesame accessions studied. Our results corroborate with 
the previous study (Wei et al. 2014), reporting higher allelic 
diversity with a similar average He value of 0.68. The higher 
value of the expected heterozygosity (mean He = 0.705) when 
compared to the observed heterozygosity (mean Ho = 0.097) 
underscores the self-pollinating nature of the sesame popula-
tion and is known to be supplemented with cross-pollination.

Shannon’s information index (I) measures species’ diver-
sity in a population (Shannon 1948; Shannon and Weaver 
1964; Spellerberg and Fedor 2003). The higher the value of 
I, the greater the species’ diversity in a particular population. 
The diversity index has been categorized as high when the 
value is ≥ 0.60, or low if it is between 0.40 and 0.10. The 
diversity estimates for sesame were derived using Shannon’s 
information index (0.70) and were found to be high, consist-
ent with earlier reports (Dossa et al. 2016; Zhang et al. 2010).

The genetic distance matrix was calculated using 
GenAlEx version 6.5 (Peakall and Smouse 2012) for all 
pairwise combinations among 2496 sesame accessions. This 

matrix was further used in MEGA X (Kumar et al. 2018) 
to construct a tree revealing a complex distribution pattern 
with six major clusters among the 2496 accessions stud-
ied (Fig. 1). The distribution of sesame accessions within a 
cluster was found to be mixed across geographical regions 
from where they were originally collected and conserved. 
Similar results were reported in rice accessions collected 
from the same geographic regions clustered differently dur-
ing diversity analysis (Islam et al. 2018; Yan et al. 2010). 
The distribution of sesame accessions across different geo-
graphical origins can probably be attributed to centuries of 
seed migrations driven by human activities such as trade 
and cultivation practices. These movements of seeds across 
regions likely facilitated gene flow across geographically 
diverse accessions when planted together. Additionally, the 
often-cross-pollinated nature of sesame enhances the gene 
flow across the accessions. These reasons underscore the 
lack of any direct association between genetic diversity and 
the accessions’ geographical origin. These highlight the sig-
nificant role of human-mediated activities, like trade and 
migration, in shaping the genetic structure of sesame across 
geographical locations. Hence, accessions from the same 
country frequently form distinct clusters due to their geneti-
cally variable nature (Laurentin and Karlovsky 2007, 2006; 
Wang et al. 2018; Yol and Uzun 2012). This observation 
suggests that prolonged cultivation may prompt local adapta-
tions among accessions, while those preserved in gene banks 
experience minimal environmental influence, except during 
reproduction cycles.

Population Structure and Relationships

Bayesian model-based structure analysis is an alternative 
method to assess diversity patterns (Falush et al. 2003; Hubisz 
et al. 2009; Pritchard et al. 2000; Raj et al. 2014), inferring 
population structure among the accessions studied to under-
stand allelic richness (Basak et al. 2019; Cho et al. 2011; Cui 
et al. 2017; Eltaher et al. 2018; Porras-Hurtado et al. 2013; 
Teklu et al. 2022). Population structure analysis helps to iden-
tify varying levels of genetic relatedness among subgroups 
within a sample. This divergence often occurs due to factors 
like geographic isolation or the sampling of individuals from 
different locations along a geographical gradient. To accurately 
infer the divergence between two populations, it is essential to 
first establish the existence of distinct populations and deter-
mine which individuals belong to each (Liu et al. 2020). Pre-
vious reports on population structure analysis in sesame were 
reported, with two to four (sub)populations showing substan-
tial exchange of germplasm (Cho et al. 2011; Cui et al. 2017; 
Teklu et al. 2022). Molecular diversity analysis grouped these 
2496 accessions into six major clusters (Fig. 1), while popula-
tion structure analysis represented this set of accessions into 
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three major sub-populations (Fig. 2). The results revealed that 
the three sub-populations consisted of genotypes sourced from 
diverse origins. This suggests a significant exchange of alleles 
among sesame populations, indicating that geographic separa-
tion is no hindrance to gene flow between sesame accessions.

The core collection is a representative sample from large 
collections and is a true representation of the total popula-
tion, reflecting equivalent genetic diversity with a minimum 
number of accessions that could enhance effective utiliza-
tion. The core germplasm resource is an effective way to 
utilize genetic diversity, management, and conservation 
(Brown 1989a, b; Frankel 1984; Xu et al. 2020). The pro-
portion of core germplasm would be determined by the size 
of the initial germplasm resource (Balakrishnan et al. 2000; 
Zhang et al. 2010). During the construction of a core using 
molecular markers, allele retention in the core when com-
pared to the entire collection is frequently considered an 
evaluation criterion. Using the sampling theory of selec-
tively neutral alleles, it was argued that the entries in a core 
subset are ~ 10% of the entire collection, with a maximum 
of three thousand entries per species (Brown 1989b). This 
level of sampling could successfully retain at least 70% of 
the alleles in the entire collection. The core collections were 
reported in previous studies for germplasm with large collec-
tion sets. For instance, 11.90% (1704/14310) in groundnut 
(Upadhyaya et al. 2003), 7.52% (1103/14651) in chickpea 
(Archak et al. 2016), 10.1% (278/2751) in sesame (Park 
et al. 2014), 10.32% (570/5522) in safflower (Dwivedi et al. 
2005), and 5–30% in sesame (Bisht et al. 1998; Mahajan 
et al. 1999). In our study, the core collection amounted to 
7.853% (196/2496 accessions), and these 196 accessions 
retained all alleles of the entire sesame collection of 2496 
accessions (Fig. 3; Table S1). The total and average allele 
counts were 140 and 20, respectively, for the core set, which 
is the same as the initial sesame collection. Thus, the rep-
resentation of alleles, which is essential for maintaining 
the genetic diversity of a population, is not compromised 
while designating the core set of accessions in sesame. The 
allelic richness between the core and entire collections was 
compared using the Shannon–Weaver (Sh.W.) and Nei indi-
ces calculations (Table 3). Compared to the entire sesame 
collection (2496), the core collection (196) represented the 
entire range of genetic diversity and maintained 100% of the 
allelic richness (Table 3). The designated core collection 
(196) gives a fair and proportionately equal representation 
of each of the six clusters as well as the three subpopula-
tions (Table 4). Furthermore, the calculated PIC value on 
the core collection was 0.98, which was not significantly 
different from the entire sesame germplasm collection used 
in the study. These results demonstrate that the core collec-
tion represents sufficient genetic variation and can be used to 
assess phenotypic variability for selecting the most appropri-
ate candidates in a crop improvement program. Our study 

highlights the role of molecular tools in efficiently managing 
plant genetic resources, especially when the collections were 
in tens of thousands. We identified the diverse representative 
set—molecular core collection—from the set of 2496 ses-
ame accessions studied. The major limitations in using SSR 
markers for germplasm management are the time and cost 
factors which can be compensated appropriately by using 
genotyping-by-sequencing approaches (Ruperao et al. 2023, 
2024; Yol et al. 2021). The diverse set (molecular core) iden-
tified through this study was grown in the field to observe the 
phenotypic variability for various agro-morphological traits. 
The phenotypic variability observed in the sesame acces-
sions reported here is potentially useful for trait/resilience 
introgression through breeding in the sesame improvement 
program.

Phenotypic Trait Variability in Sesame

Phenotypic variability was studied for the following agro-
morphological traits: plant growth type; plant height; pubes-
cence on leaf, stem, and capsule; number of primary and sec-
ondary branches; days to flower initiation; days to maturity; 
and number of capsules per plant. Dwarf-type sesame acces-
sions are generally more tolerant to waterlogging stress than 
taller ones (Adu-Gyamfi et al. 2019). Plant height is the most 
variable trait, followed by the number of capsules per plant 
in sesame (Bisht et al. 2004; Pham et al. 2010). The most 
contributing traits for genetic variability in this study were 
primary and secondary branches, plant height, and capsules 
per plant, while the least contributing traits were plant growth 
type, leaf pubescence, capsule pubescence, and stem pubes-
cence (Fig. 6). Phenotypic characterization is important as it 
provides real-time on-field information directly to the breed-
ers to make choices for accessions for crop improvement. The 
importance of documenting phenotypic variability for traits 
associated with seed yield and oil yield in sesame was well 
documented (Nawade et al. 2022; Yadav et al. 2022). Our 
study found potential sesame accessions based on a geno-
typic and phenotypic core data set (Table 7). Accessions 
such as EC370718 exhibit traits such as capsule length, stem 
pubescence, and the number of capsules per plant. EC350635 
displays characteristics related to the multicapsular arrange-
ment, while EC334967 demonstrates traits like the number of 
primary branches. These attributes hold potential for breeders 
and researchers to enhance yield in sesame plants. To meet 
the continuously increasing labor costs involved in sesame 
cultivation, efforts are directed toward mechanization with 
higher yields. The use of monostem accessions would give 
higher outputs through high-density planting and mechaniza-
tion. Further, the sesame accessions with dense pubescence 
are more resistant to biotic (leaf curl, insect pests) and abiotic 
stresses (drought). Therefore, pubescence on sesame could 
be evaluated for developing resistant sesame plants against 
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Fig. 6   Representative pictures 
of the sesame accessions 
exhibiting variability for the 
agro-morphological traits. A–C 
Variability for capsule pubes-
cence trait; D–F variability 
for leaf pubescence trait; G–I 
variability for stem pubescence 
trait; J monostem with indeter-
minate growth and 2–3 capsules 
per leaf axil; K monostem with 
determinate growth; and L good 
plant type (more no. of primary 
and secondary branches, more 
no. of capsules, indeterminate 
type)
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biotic and abiotic factors. The development of improved ses-
ame lines (multicapsular arrangements) is ideal for targeting 
seed and yield productivity in sesame. For sesame breed-
ers, knowledge of diversity in sesame germplasm for desired 
traits would contribute to designing breeding approaches for 
accelerating crop improvement. These findings highlight the 
role of comprehensive molecular diversity analysis in both 
understanding and conserving genetic resources for sesame 
breeding and improvement programs. Population structure 
analysis and the construction of a representative core col-
lection emerge as essential strategies for capturing genetic 
diversity within sesame germplasm. These approaches assist 
in the efficient utilization of genetic resources through the 
core collection, a smaller set when compared to the total col-
lections that run to tens of thousands. The significance of 
phenotypic and genotypic variability in sesame germplasm is 
emphasized, highlighting specific traits and promising acces-
sions with potential for its use in breeding programs. Addi-
tionally, the identification of potential sesame accessions will 
further contribute to breeding strategies aimed at enhancing 
yield and resilience in sesame crops. Overall, these findings 
have far-reaching implications for sesame breeding programs, 
offering avenues for the selection of diverse and promising 
accessions and the effective utilization of genetic resources.

Conclusion

Molecular markers and agro-morphological variability are 
effective tools in assessing the genetic variability estimates 
in crop plants for their utilization in breeding programs. Here, 
we have assessed the genetic variability estimates in sesame 
germplasm (2496 accessions) using SSR markers and agro-
morphological traits, which would be very helpful in identify-
ing genotypes that are genetically distant and possess unique 
valuable traits. These identified genotypes are potentially use-
ful in a sesame improvement program for addressing various 
agricultural challenges like mechanical harvest and high-
density planting (monostem types are preferred), biotic stress 
tolerance (pubescence types are preferred), and abiotic stress 
tolerance (dwarf types are preferred). The core set developed 
based on SSR markers represented sufficient genetic vari-
ability in the population (2496 accessions). The trait-specific 
accessions identified for different traits, and the 18 common 
accessions between the molecular and phenotypic cores would 
be the key accessions that can be validated phenotypically and 
directly used for crop improvement programs.
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