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ABSTRACT The aim of this research was to assess the genetic diversity of sesame
(Sesamum indicum L.) and also to reveal the genetic relationships using the Random
Amplified Polymorphic DNA (RAPD) markers. Fifteen sesame germplasms were collected
from seven districts or four zones of West Bengal, India. A high genetic diversity was
revealed by ten RAPD primers within and among the fifteen germplasms. The value of
Jaccard's similarity coefficients among and within the fifteen germplasms ranged from
0.287 to 0.725 which indicated high degree of genetic variability. Cluster analysis using
Unweighted Pair Group Method with Arithmetic Mean (UPGMA) grouped all the germ-
plasms into three main clusters. Analysis of various genetic diversity indices strongly
indicated high level of genetic diversity among the populations of four different regions.
UPGMA analysis of four populations resulted into two groups and the results of Principal
Coordinates Analysis (PCoA) depicted a clear distinction among the germplasms.
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Introduction

Sesame (Sesamum indicum L., Pedaliaceae) is perhaps the
oldest annual oilseed crop known to man. Based on its
ancient history of cultivation, availability of diversity of
forms of cultivated varieties and occurrence of the wild
sesame (S. indicum var. malabaricum), India is considered
to be the basic centre of origin of the crop (Brar et al.
1979). Sesame seeds are highly nutritive and are important
source of oil (44-58%) and protein (25%) with lignan-type
antioxidants such as sesamolin and sesamon (Bedigian et
al. 1985). According to FAO (2016), about 10.57 million
hectares were harvested worldwide in 2016, producing
about 6.11 million tonnes. India leads the world in the
sesame production and its contribution towards produc-
tion quantity of sesame seeds in the world was 13.05%
in the year 2016. Including India, other supreme sesame
producers are China, Myanmar, Sudan, and Uganda cover-
ing about 75% of world production (Akbar et al. 2011). The
yield of sesame in India was 4198 hg/ha compared to the
world average of 5778 hg/ha in the year 2016 (FAO 2016).
West Bengal is very rich in genetic diversity of sesame
and is usually grown as a catch crop in the pre-kharif
season (March-May to June-October). So far as West
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Bengal is concerned, this state produces only 0.17 million
tonnes of sesame seeds in the year 2010-2011, covering
only about 19.1% with respect to all India production
(Economic Review-Finance Department, Govt. of West
Bengal, 2011-2012). Thus, the production of sesame seed
in West Bengal is not so significant compared to the all
India production and despite economic importance of
sesame for the West Bengal as well as Indian economy, big
fluctuations occur in production and yield. An extensive
review of literature regarding the performance and pro-
duction of sesame in India as well as in other countries
reveals that many factors can be held responsible for low
yield of such an important oilseed and the factors are
absence of non-shattering cultivars suited for mechani-
cal harvest, indeterminate growth, uneven ripening of
capsules and biotic and abiotic stresses such as disease,
pest drought, etc. (Abdellatef et al. 2008; Bhat et al. 1999),
use of conventional varieties (Hamid et al. 2003), and lack
of enhanced cultivars (Akbar et al. 2011).

Therefore, it is urgent to study the genetic diversity
among sesame germplasms present in different zones of
West Bengal and identification and catalogue of the highly
diverse germplasms for the purpose of broadening the
genetic base. The genetic diversity assessment in sesame
has been carried out using both agro-morphological char-
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Table 1. List of sesame germplasm from the state West Bengal, India used in this study.

Germplasm number Germplasm name Zone of collection

Place of collection Mean latitude Mean longitude

Acc-1 VB-67 North Zone
Acc-2 V-8-Sheera North Zone
Acc-3 V-SWB-18 North Zone
Acc-4 Seklar North Zone
Acc-5 V-JTS-8 North Zone
Acc-6 V-SWB-32-10-1 North Zone
Acc-7 Rama North Zone
Acc-8 Til-2 East Zone
Acc-9 Til-1 East Zone
Acc-10 HT-1 East Zone
Acc-11 Savitri South Zone
Acc-12 Tiloktama (B-67) South Zone
Acc-13 GT-2 West Zone
Acc-14 GT-3 West Zone
Acc-15 Prakash West Zone

Murshidabad 24°824" N 88°15'36" N
Murshidabad 24°824" N 88°15'36" N
Murshidabad 24°824" N 88°15'36" N
Murshidabad 24°824" N 88°15'36" N
Murshidabad 24°824" N 88°15'36" N
Murshidabad 24°824" N 88°15'36" N
Murshidabad 24°824" N 88°15'36" N
Burdwan 23°14'24" N 87°51'36" N
Hooghly 22°53'24" N 88°24'00" N
Howrah 22°35'24" N 88°18'36" N
South 24 Parganas 22°31'48" N 88°19'48" N
South 24 Parganas 22°31'48" N 88°19'48" N
East Midnapore 22°18'00" N 87°54'36" N
East Midnapore 22°18'00" N 87°54'36" N
West Midnapore 22°25'48" N 87°19'48" N

acters (Bedigian 2010; Ercan et al. 2002; Furat et al. 2010;
Pham etal. 2010) and molecular markers such as isozymes
(Isshiki et al. 1997), Randomly Amplified Polymorphic
DNA (RAPD; Akbar et al. 2011; Bhat et al. 1999; Ercan
et al. 2004; Pham et al. 2009; Salazar et al. 2006), Inter
Simple Sequence Repeat (ISSR; Kim et al. 2002; Kumar
etal. 2012; Woldesenbet et al. 2015), Amplified Fragment
Length Polymorphism (AFLP; Uzun et al. 2003), Simple
Sequence Repeat (SSR; Dixit et al. 2005; Zhang et al.
2012; Pandey et al. 1015) and Sequence-related Amplified
Polymorphism (SRAP; Ali et al. 2017). Among the various
available molecular markers, we have selected RAPD for
the assessment of genetic diversity (Williams et al. 1990)
owing to its simplicity, speed and low cost. Being a fast

Figure 1. Sesame plants growing in the experimental plant garden.

16

and sensitive method, RAPD can be quickly and efficiently
applied to identify polymorphisms (Doldi et al. 1997; Ko
etal. 1998). Moreover, the resolving power of this tool is
numerous folds superior than morphological or isozyme
markers and is much simpler and technically less demand-
ing than RFLP and other new generation markers. RAPD
markers have successfully established their grandness
for diversity analysis in many cultivated and wild plants
such as Morus alba (Orhan et al. 2007), Vigna unguiculata
(Malviya et al. 2012), Linum usitatissimum (Kumari et al.
2017) and also in S. indicum (Bhat et al. 1999; Ercan et al.
2004; Quenum and Yan 2017).

This communication sets out to enumerate the results
of our efforts pertaining to the evaluation of genetic
variation among fifteen germplasms collected from seven
districts of West Bengal and determination of relationship
between genetic diversity of sesame population and their
geographical distribution within four zones of the state.

Materials and methods

Plant materials

On the basis of diversity in vegetative and reproductive
characters, the 15 indigenous germplasms (accessions) of
West Bengal were used in this study (Table 1) and were
grown in the experimental garden (Fig. 1) of Department
of Botany, University of Kalyani, West Bengal, India
which is located at 22°57" N latitude, 88°22" E longitude
with an average altitude of 9.75 m above mean see level.
Physicochemical properties of soil and meteorological
information are provided in the Supplementary Table
laandb.



DNA extraction

Fresh tender leaves were collected from ten plants of each
germplasm and quickly frozen with liquid nitrogen. Total
genomic DNA was extracted based on hexadecyltrimeth-
ylammonium bromide (CTAB) procedure (Murray et al.
1980) with minor modifications. The DNA concentration
was quantified by spectrophotometry (Cecil, Germany).
Thus, the estimated DNA concentrations were rechecked
by ethidium bromide staining of the gels after electro-
phoresis in 0.8% agarose gel.

RAPD analysis

A set of 25 randomly selected oligonucleotide primers
(Bangalore Genei, India) were used for RAPD assay. Each
50 ul RAPD polymerase chain reaction (PCR) mixture
included 50 ng genomic DNA (template), 10 mM dNTPs,
5 ul of 10X Taq polymerase buffer, 1.0 mM MgCl,, 3U of
Taq DNA polymerase enzyme and 400 ng RAPD primers.
The final volume of 50 ul was made up with PCR grade
water (Genie, Bangalore, India). The reaction mixture was
subjected to amplification using Perkin Elmer GeneAmp
2400 PCR system according to the following program:
5 min at 94 °C for initial denaturation, followed by 45
cycles of 1 min denaturation at 94 °C, 1 min annealing at
38 °C, and 2 min extension at 72 °C. The reaction mixture
was further incubated at 72 °C for 5 min. Amplification
products were separated in 1.5% agarose gel mixed in
1X TAE buffer at 70 V for 1.3 h and were visualised by
staining with ethidium bromide. DNA ladder (2 kb) with
fragment size 100 to 2000 bp was used as a molecular
size marker. The gel was observed under ultraviolet
light on a transilluminator and photographed using Gel
Documentation System 1000 (Bio-Rad).

Data analysis

Since the RAPD markers are dominant, genetic data
analysis was carried out on the assumption that each
band represented the phenotype at a single biallelic locus.
Amplification with each arbitrary primer was repeated
three times and consistent bands were selected for data
generation. The presence and absence of bands were
scored as the presence (1) or absence (0), respectively. DNA
fragment intensity was not taken into consideration and
the bands with the same mobility were considered to be
the same bands. Only main DNA fragments constantly
amplified were scored and weak bands were not utilised
for analysis. By comparing the banding patterns of geno-
types (germplasms) for a specific primer, genotype-specific
bands were identified. The binary data so generated was
used to estimate the levels of polymorphism by dividing
the polymorphic bands by the total number of scored
bands. To analyze the suitability of RAPD markers for
evaluating the genetic profiles of sesame performance
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of the markers was measured using three parameters:
(i) polymorphic information content (PIC), (ii) marker
index (MI) and (iii) resolving power (RP). The PIC value
for each locus was calculated using the formula: PIC
= 2fi (1-fi), where fi is the frequency of the amplified
fragments (band present) and 1 - fi is the frequency of
non-amplified fragments (band absent) (Roldan-Ruiz et
al. 2000). The frequency was calculated as the ratio be-
tween the number of amplified bands at each locus and
the total number of accessions (excluding missing data).
The PIC of each primer was calculated using the average
PIC value from all loci of each primer. MI was calculated
applying the formula: MI = EMR x PIC, where EMR (ef-
fective multiplex ratio) is the product of the fraction of
polymorphic loci and the number of polymorphic loci
for an individual assay (Varshney et al. 2007). RP of each
primer was calculated according to Prevost and Wilkin-
son (1999): RP = 3Ib, where Ib represents the informative
fragments. The Ib can be represented on a scale of 0 to 1
by the following formula: Ib = 1 - [2 x (0.5 - p)], where p
is the proportion of accessions containing the band. The
genotype and allelic frequency data were used to com-
pute the genetic diversity indices, that is, (i) percentage
of polymorphic loci [P% = (polymorphic loci/total loci)
x 100], (ii) observed (na) and effective number of alleles
(ne), where ne is the number of equally frequent alleles
that would be necessary to achieve the same degree of
genetic diversity produced by na, (iii) Shannon’s Informa-
tion Index (I) (Shannon et al. 1949) calculated fromI=(C
pi log pi), where pi is the frequency of RAPD fragments
amplified in the accessions and L is the total number of
fragments and (iv) Nei’s genetic diversity (h) (Nei 1973)
derived from h = 1 - 3pi2, where pi is the frequency of
the i allele at the locus, were calculated with the aid of
the POPGENE program version 1.31 (Yeh et al. 1999).
For each locus, the Nei’s index produces values between
0 and 0.5, while the Shannon index varies from 0 to 0.73
according to a natural log scale (Lowe et al. 2004).

The binary data matrix was used to calculate Jac-
card’s similarity coefficient (Jaccard 1908) between pairs
of accessions using the Simqual module of NTsys-PC
(Numerical Taxonomy System, version 2.1) (Rohlf 1993).
These distance coefficients were used to construct den-
drogram using the Unweighted Pair Group Method with
Arithmetic Mean (UPGMA) employing the Sequential
Agglomerative Hierarchical and Nested (SAHN) algorithm
for determining the genetic diversity and relationships
among the accessions. In order to highlight the resolving
power of the ordination, Principal Coordinates Analysis
(PCoA) was performed using the EIGEN and PROJ mod-
ules of NTSYS Pe.
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Figure 2. RAPD profile of the 15 accessions (Acc 1-15) of Sesamum
indicum L. generated by primer OTD-01.

Results

To assess the genetic diversity and relationship among 15
germplasms, a total of 25 RAPD primers were screened,
out of which ten primers revealed reproducible polymor-
phic patterns (Fig. 2) and were used for further study. Two
main aspects of genetic diversity-marker informativeness
(polymorphic and overall efficiency of informative frag-
ment detection) and marker performance (overall efficacy
of a primer set used in determining polymorphism level,
genetic diversity, and discriminatory power) were esti-
mated (Table 2).

Marker informativeness

Marker informativeness of ten RAPD primers was eval-
uated using different parameters (Table 2). A total of
116 clear, reproducible and scorable RAPD fragments
ranging from 100 to 2000 bp were generated among all
germplasms. Out of 116 scorable RAPD bands, 110 were
polymorphic and 6 were monomorphic. Each primer
was tried thrice, and the results were reproducible. In
general, 10 to 12 amplified fragments were scored de-
pending upon the primers. The number of polymorphic
bands per primers ranged from nine (OTD4) to twelve
(OTD1, OTD2, OTD5) with an average of eleven (Table

Table 2. Polymorphism and marker attributes of RAPD primers.

2). Selections of polymorphic alleles were carried out in
a careful manner and only the clear, reproducible and
polymorphic bands were scored and used for statistical
analysis. The percentage of polymorphic bands ranged
from 90% (OTD4, OTD6, and OTD7) to 100% (OTD],
OTD2, OTD3, and OTD5), with a high average value
of 94.42% (Table 2). The ranges of frequencies of poly-
morphic fragments for a given primer across for all
germplasms were 0.066 to 1 with an average of 0.55. A
large proportion (55.17) had frequencies in the range 0.5
to 0.6 (Fig. 3).

Marker performance

Information on the genetic profile of each germplasm
was used to assess the marker performance by evaluat-
ing the PIC, EMR, MI and RP (Table 2). The range of
PIC for 110 polymorphic fragments obtained by using
ten RAPD primers was 0.37 to 0.44 with an average
of 0.40. Eighty-three of polymorphic fragments were
highly informative (PIC > 0.44), six had lower level of PIC
(20.1) and the remaining twenty seven showed moderate
values (> 0.1 to < 0.44) (Fig. 4). The highest PIC value (0.44)
was observed for primer OTD1 and the lowest PIC value
(0.37) was observed for OTD9 (Table 2).

The highest EMR (12) was observed for the primer
OTD1,0TD2 and OTD5 and the mean EMR per primer
was 11 (Table 2). To determine the overall utility of the
maker system, the marker index was calculated for each
RAPD primer. The marker index for the ten primers
ranged from 1.91 (OTD4) to 2.88 (OTD2 and OTD5)
with an average 2.416 (Table 2). The resolving power
of RAPD primers is a feature that indicates a dis-
criminatory potential of the primer ranged from 1.03
(OTDS8) to 1.14 (OTD2, OTDS5), averaging 1.095 (Ta-
ble 2). No significant correlation was found between

Primer name  Sequence(5°-3") Number of fra.gments - % l"olymor- PIC EMR !Vlarker Resolving
Total Monomorphic Polymorphic ~ Phism index power

OTD-01 TTGGCGGCCT 12 0 12 100 0.44 12 2.87 1.09
OTD-02 ACCTCGCCAC 12 0 12 100 0.42 12 2.88 1.14
OTD-03 GAGGTCCACA 1N 0 1N 100 0.38 11 2.25 1.08
OTD-04 TGCCGAGCTG 10 1 9 90 0.39 9 1.91 1.09
OTD-05 AGTCAGCCAC 12 0 12 100 0.42 12 2.88 1.14
OTD-06 GGGTAACGCC 12 1 1N 90 0.38 11 2.27 1.09
OTD-07 AGGTGACCGT 12 1 1N 90 0.41 11 2.53 1.12
OTD-08 CTGGGCAACT 11 1 10 90.9 0.41 10 2.1 1.03
OTD-09 AGGCGGGAAC 12 1 11 91.66 0.37 11 2.21 1.09
OTD-10 AGGTCTTGGG 12 1 11 91.66 0.38 11 2.25 1.08
Total - 116 6 110

Average - 11.6 0.6 11 94.42 0.4 11 2.416 1.095
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Figure 3. Frequency distribution of polymorphic RAPD fragment ampli-
fied in 15 sesame germplasms.

the number of neither fingerprint nor lines with exclusive
finger print with PIC, resolving power and marker index.

Genetic diversity at zone level

Using the RAPD amplification result, the genetic diversity
of the four regions of West Bengal was analyzed (Table 3).
The range of mean number of alleles (n,) based on RAPD
analysis was 1.55 to 1.92 and the effective number of
alleles (n,) was 1.53 to 1.73. The Shannon’s information
index (I) was 0.38 to 0.57 and the Nei’s gene diversity
index (h) was 0.27 to 0.39.

Analysis of RAPD data showed that north zone, west
zone and east zone displayed more variation and the
respective coefficients were 92.24,77.59, and 67.24%. Ac-
cording to the number of polymorphic loci, the ranking
of the regions was north zone > west zone > east zone >
south zone. Table 3 shows that a general consistency is
retained in different indexes of genetic diversity using
RAPD marker and the polymorphic locus percentages was
about more than 90%. These findings strongly indicated
the high genetic variation among the sesame germplasms
of four different regions and the RAPD marker approach

Table 3. Estimates of genetic diversity within four population/zones
using RAPD markers.

Index NorthZone EastZone SouthZone WestZone All

n, 1.92 1.67 1.55 1.77 1.94
ne 1.73 1.53 1.55 1.62 1.75
h 0.39 0.29 0.27 0.34 0.40

| 0.57 0.42 0.38 0.49 0.57
P% 92.24 67.24 55.17 77.59 94.83

na = average number of alleles; ne = effective number of alleles; h =
heterozygosity; | = Shannon’s index; P = percentage of polymorphic loci
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Figure 4. Average PIC values for polymorphic fragments generated by
RAPD primers in 15 sesame germplasms.

was effective for the detection. For the level of gene flow
(Nm), the number of migrating individuals among the
population per generation was estimated to be 2.30 us-
ing RAPD marker which indicated that gene exchange
between populations was rather high.

The genetic similarities were calculated following
the Jaccard’s coefficient (Jaccard 1908) method using the
RAPD data. The similarity index ranged from 0.188 to
0.603 with an average of 0.276 (Table 4) indicating a close
genetic relationship among the Sesamum germplasm of four
different regions. The calculated similarity coefficient
was utilized to prepare a tree for cluster analysis using
UPGMA method (Fig. 5). The cluster analysis generated
a sister group consisting of populations of east zone, west
zone, and south zone. Moreover, results indicated that
populations of east zone and west zone were found to be
more similar (60%), while populations of north zone was
outlier. The populations of north zone were separated
from the other populations showing their maximum
genetic dissimilarity.

Genetic diversity-phylogenetic relationship and PCoA
analysis

The genetic similarities were calculated using the Jaccard’s
coefficient (Jaccard 1908) method for all the 15 germplasms
of S. indicum according to RAPD data analysis. Based on

Table 4. Similarity matrix based on Jaccard’s coefficient revealed by
RAPD marker within four populations/zones.

Index North Zone East Zone South Zone West Zone
North Zone 1.000

East Zone 0.246 1.000

South Zone 0.188 0.308 1.000

West Zone  0.262 0.603 0.310 1.000
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Figure 5. UPGMA dendrogram within four populations (zones) based
on JACCARD's similarity coefficient calculated from RAPD data set.

the RAPD markers, the similarity index value ranged
from 0.287 to 0.725 (Table 5) indicating a close genetic
relationship within the varieties. The calculated similarity
coefficients were utilized to construct a dendrogram using
UPGMA. A dendrogram was prepared using UPGMA
clustering algorithm based on RAPD data and fifteen
varieties were grouped into three main cluster; cluster
(I) containing three germplasms, cluster (II) containing
a total of six germplasms and cluster (III) containing six
germplasms (Fig. 6). By providing spatial representation
of relative genetic distances among individuals, the PCoA
analysis was performed to determine the consistency of
the differentiation among the germplasms defined by the
cluster analysis. The PCoA indicated that the effect of
individual amplification products on the overall variation
observed was lesser, hence a total of ten RAPD products

were required to explain 94.83% of the variation among
the fifteen sesame germplasms. The analysis indicated that,
the first two principle coordinates accounted for 54.46%
of the total variation, while the remaining coordinates
individually were less than 5.00% each. Therefore, the
biplot of only the first two coordinates are presented
in Figure 7 and similar result was observed like that of
three-dimensional representations (Fig. 8). The results
from PCoA plot of the 15 sesame accessions reveal a clear
distinction among the germplasms. The PCoA plot analysis
was in congruence with the UPGMA cluster analysis.

Discussion

Accurate identification of germplasms of crop species
and varieties by means of DNA fingerprints is important
particularly when new crop varieties are to be released,
different accessions of wild species are to be charac-
terized and purity of germplasms is to be determined.
RAPD markers were utilized in this study to evaluate
the level of genetic variation among the 15 germplasms
of S. indicum L. collected from different districts of West
Bengal, India. The RAPD technique has been chosen as
it does not require any previous knowledge on DNA se-
quence of this species, is an inexpensive and easy to use
for evaluating the degree of genetic diversity in sesame
and many other plant species (Akbar et al. 2011; Bhat et
al. 1999; Ercan et al. 2004; Salazar et al. 2006; Sangwan
et al. 2001; Sharma et al. 2009; Vieira et al. 2003; Singh
et al. 2017; Dar et al. 2017).

Ten RAPD primers detected sufficient genetic variation
within fifteen sesame germplasms to allow for complete

Table 5. Genetic similarity coefficients among fifteen sesame germplasm realized from RAPD markers.

Correlation Acc-1  Acc-2 Acc-3  Acc-4  Acc-5 Acc-6  Acc-7  Acc-8 Acc-9  Acc-10 Acc-11  Acc-12 Acc-13  Acc-14  Acc-15
Acc-1 1.000

Acc-2 0.347  1.000

Acc-3 0.322 0379 1.000

Acc-4 0.378 0.388 0.352  1.000

Acc-5 0.471 0473 0425 0330 1.000

Acc-6 0.526 0.376 0353 0379 0.287  1.000

Acc-7 0355 0.725 0.506 0327 0440 0.419 1.000

Acc-8 0.444 0495 0.593 0523 0452 0482 0402 1.000

Acc-9 0.442 0.528 0309 0.506 0483 0.304 0.444 0381 1.000

Acc-10 0.481 0.344 0487 0458 0.544 0345 0309 0494 0.391 1.000

Acc-11 0.512 0478 0382 0422 0483 0.538 0.494 0441 0422 0.287 1.000

Acc-12 0.438 0.538 0.396 0.404 0446 0459 0576 0.533 0.361 0.404 0.347 1.000

Acc-13 0.494 0398 0.393 0371 0382 0481 0333 0580 0488 0353 0402 0.340 1.000

Acc-14 0.506 0.571 0.398 0.484 0495 0.351 0.522 0500 0.688 0.376 0.484 0418 0.372  1.000
Acc-15 0.364 0517 0506 0425 0543 0506 0.448 0477 0333 0539 0494 0422 0341 0.351 1.000
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Figure 6. JACCARD's similarity dendrogram of the 15 germplasms
(Acc1-Acc15) generated by UPGMA based on RAPD marker system.

differentiation. According to Li and Midmore (1999) when
the variation between genotype is high the use of few
primers will be sufficient. For instance, Ercan et al. (2004)
identified thirty-eight accessions only by using seven
primers while twenty sesame genotypes were determined
with ten primers by Akbar et al. (2011). Similarly, Mil-
lan et al. (1996) reported a high level of genetic diversity
among rose genotypes using nearly ten RAPD primers.
Schontz and Rether (1999) identified 37 lines of Foxtail
millet employing just 4 RAPD primers.

A high level of genetic diversity was observed among
the 15 germplasms of sesame. Although, sesame is gen-
erally followed by self-pollination, but cross pollination
has been reported between 5 and 60% in this species

ACC-6
0.55 4

AgC—11

T ACC-13
0.30 ACC-1},

Figure 8. Three-dimensional plot obtained from Principal Coordinates
Analysis (PCoA) of fifteen sesame germplasms using RAPD markers.
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Figure 7. Two-dimensional plot obtained from Principal Coordinates
Analysis (PCoA) of fifteen sesame germplasms using RAPD markers.

(Ashri 1989; Brar et al. 1979; Joshi 1961; Mazanni 1983;
Yermanos 1980). Approximately 10 to 20% of the genetic
diversity among the population is since out crossing
could explicate the high genetic variability noticed in
the present study. The present results are in conformity
with the results of earlier workers based on RAPD and
morpho-agronomic traits which have reported high ge-
netic diversity in sesame germplasms (Akbar et al. 2011;
Ashri 1998; Bhat et al. 1999; Ercan et al. 2004; Pham et
al. 2009; Salazar et al. 2006).

Applying different methods would provide different
results on the level of genetic diversity. Isshiki and Umezki
(1997), reported little variation among 68 accessions of
cultivated sesame employing isozymes. Laurentin and
Karvilsky (2006) applied AFLP to clarify genetic relation-
ship among 32 sesame accessions from the Venezuelan
germplasms collections and reported a very low genetic
relationship and diversity (0.14 to 0.21). ISSR polymor-
phism was used to determine the genetic relationship
among 75 sesame accessions of Korea and other countries
showed alow level of polymorphism with this particular
marker and genetic distances ranged from 0 to 0.255 (Kim
et al. 2002). However, it was shown that their method
had low resolution.

In contrast, a very high level of genetic diversity among
sesame accessions by means of RAPD molecular markers
has been reported by Bhat et al. (1999), Ercan et al. (2004),
Akbar et al. (2011), Dar et al. (2017) and Quenum and Yan
(2017). The present study detected a high level of poly-
morphism for sesame between the different geographical
areas of West Bengal. In the present study, a high level
of polymorphism (94.42%) obtained is comparable to
the 86.75% polymorphism noticed in a study of genetic
diversity in Indian and exotic sesame germplasms by
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Bhat et al. (1999) and also analogous to 82.99% observed
in a study of genetic diversity of sesame of Vietnam and
Cambodia (Pham et al. 2009). Salazar et al. (2006) also
observed 100% of polymorphism in an analysis of genetic
diversity of sesame of Venezuela. Ercan et al. (2004) also
reported 78% polymorphism in an analysis of genetic
diversity in Turkish sesame. Although, a considerable level
of genetic diversity was noticed among diverse sesame
germplasms collected from various geographical regions
of West Bengal, it was found that some accessions situated
geographically far apart were grouped together in the
same cluster such as Acc-1 and Acc-6 (from north zone)
and Acc-11 (from south zone) grouped together in cluster
I (Fig. 6). Similarly, in the cluster IT germplasms of north
zone (Acc-3 and Acc-5), east zone (Acc-8 and Acc-10) and
west zone (Acc-13 and Acc-15) were clustered together.
Furthermore, cluster I1I germplasms collected from dif-
ferent regions of West Bengal appeared in the identical
group such as north zone (Acc-2, Acc-4 and Acc-7), south
zone (Acc-12), east zone (Acc-9) and west zone (Acc-14).
This could be an outcome of large movement of West
Bengal farmers to different regions of the state carrying
sesame seeds for cultivation into their new geographical
locations. According to Bhat et al. (1999), the cultivation
practices and consumer preferences in respect to seed
colour and seed texture and other quality attributes
differ widely with the of cultivation. Stankiewicz et al.
(2001) pointed out that human factor could be responsible
for lack of association between genetic and geographi-
cal detachment in some cases. Germplasms collected
from the same zone were found to have a close genetic
relationship for example cluster I included germplasms
Acc-1 and Acc-6 from North Zone and Acc-8, Acc-10
from East Zone in cluster II. Interestingly, all the three
clusters included germplasms collected from north zone
(Murshidabad district) which may be a consequence of
largely substantial movement of farmers of Murshidabad
district to different regions of West Bengal for collection
of diverse germplasms of sesame for cultivation.

Using the RAPD results, attempts have been made
to analyse the genetic diversity from the four different
geographical zones of West Bengal. From the result it
can be summarized that least gene diversity was among
the germplasms collected from the south zone or South
24 Parganas district and the highest among germplasms
of north zone or Murshidabad district. The same order
of genetic heterogeneity was discerned to Shannon's
information index (north zone > west zone > east zone >
south zone) and the level of gene flow was 2.30. From the
standpoint of population genetics, a value of gene flow
(Nm) <1 (less than one migrant/generation into a popu-
lation) or equivalently a value of genetic differentiation
(Gst) > 0.25 is generally regarded as the threshold quantity
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beyond which significant population differentiation oc-
curs (Slatin 1987). The high flow among the population
detected in this study points towards the possibility of
instances of single isolated populations possessing unique
germplasms also found in other populations and which
is in conformity with the studies of Naik et al. (2010).

Little studies have been carried out about the dis-
criminatory power of RAPD primers in sesame (Salazar
et al. 2006). But similar studies have been done in other
crops such as Glycin max (Powell et al. 1996), Hordeum
vulgare (Russell et al. 1997), Jatropha curcus (Grativol et al.
2011) and Cicer arietinum (Choudhary et al. 2013), Phoenix
dactylifera (Kareem et al. 2018). In this study, a PIC of 0.40
was obtained, higher than the 0.37 value reported by
Salazer et al. (2006). The UPGMA cluster analysis and
PCoA showed a similar pattern in this study and similar
relationship between both analyses have been reported
by Ercan et al. (2004) and Salazer et al. (2006).

In conclusion, using as few as ten primers, RAPD
marker analysis revealed a high level of genetic diversity
among sesame germplasms collected from various geo-
graphical zones of West Bengal, India. Finally, it can be
surmountable that high level of diversity was obtained
by RAPD marker-based analysis and thus this technique
can be used for the selection of parents in sesame breed-
ing program.
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