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Abstract

The assessment of genetic variability is of utmost importance in crop improvement and the conservation of genetic

resources. In the current study, two high-yielding sesame cultivars, namely SI 10 and S| 04, were subjected to treatment
ZIIK HIK\0 PHIKDQH VXISKRQDIH (06 PXIDJHQV )RXU GL HUHQW FRQFHQIUDILRQV RI (O6 DQG
were applied to both cultivars. In this study we aimed to evaluate the genetic variability in a mutant population of
sesame (Sesamum indicum L.) by employing morphological characters and Simple Sequence Repeat (SSR) markers.
7KH PRUSKRIRJLFD) GDID FRUWHFIHG ZHUH DQD\JHG XVIQJ 5 VRIIZDUH $QDO\VLV RI YDUDQFH UHYHDIHG VLIQL:FDQN
GL HUHQFHV 3 DPRQJ PRVI RI IKH PRUSKRIRJLFD) DLV 1RIDE\ WKH PXIDQI 0IQHV & 3 6, & 3 6,
& 3 6, & 3 6, & 3 6, & 3 6, DQG& 3 6, H[KIEWHG IKH KLIKHVI SIRGXFILRQ Rl FDSVXIHV
per plant and seeds per capsule, indirectly indicating their potential as superior yielders. Furthermore, molecular genetic
variation was assessed using twenty-eight SSR markers that were widely distributed across the sesame genome to
FKDUDFIHUL]H IKH PXIDQIV 6HYHQIHHQ RXH RIWKH  SUPHUW H[KLEUWHG SRINPRUSKLVP  &IXVIHU DQDA\VHV HPSIR\LQJ IIKH
Euclidean similarity test and a complete link clustering method, were performed to construct a dendrogram based
on the morphological data. The mutants were clustered into two major groups and two minor groups. In contrast, the
SSR marker-based dendrogram clustering resulted in the discovery of two major clusters, A and B, with a similarity
LQGHL RI 7KH PXIDQIV IURP ERIK JHQRINSHV GLVSID\HG D GLYHUVLI\ UDQJH RI EDVHG RQ IKH 665 PDUNHUV
ZKHUHDV PRUSKRIRJILFDI FKDUDFIHUL]DILRQ UHYHDIHG D GLYHUVIN UDQJH RI IR 7KLV VIXG\ FRQFIXGHG KDl 665
markers provided a more accurate representation of the true variability in the mutants compared to morphological
FKDUDFIHUL]DILRQ ORUHRYHU KH XVH RI D (RZHU FRQFHQIUDILRQ RI (O6 ZKIFK GRHV QRI FDXVH FKURPRVRPDI
GDPDJH DSSHDUHG IR EH PRUH H HFILYH LQ LQFUHDVLQJ YDUDELWLIN LQ VHVDPH ,Q VXPPDU\ KLV VIXG\ KLIKILIKIHG IKH
importance of assessing genetic variability in sesame mutants using both morphological and molecular approaches.
7KH ¢QGLQJIV VKHG ILIKI RQ IKH SRIHQILD) IRV LPSURYLQJ VHVDPH FURSV IKURXJK WKH VHIHFILRQ RI SURPLVIQJ PXIDQIV DQG IIKH
utilization of SSR markers for accurate characterization of genetic diversity.
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Moving forward, the treated seeds, along with the untreated
control group, were carefully sown in separate rows to initiate the
M1 generation. is generation served as the starting point for our
evaluation and analysis. From the M1 generation, we obtained a total
of 690 M2 generation seeds, which were subsequently sown during the
dry season of Benin in November 2021. e sowing was conducted
following a randomized block design with three replications, ensuring
robustness and reliability in our experimental setup.

To ensure the quality of our samples, the M1 mutants were
selected based on their normal appearance and agro-morphological
characteristics. From the M2 generation, we handpicked twenty-
three mutant lines of sesame, along with two control lines, for further
evaluation and genetic variability analysis.  ese selected lines
represented a diverse range of genetic variations within the sesame
population [10].

roughout the growth period, we diligently implemented all
necessaryagricultural practicessuchasweedingandirrigationto provide
optimal conditions for the plants. Additionally, a comprehensive set
of morphological and yield parameters were meticulously measured
at di erent stages of growth, enabling us to capture valuable data on
the performance and characteristics of the sesame mutants (MoARD,
2017).

Collection of data
Procedure for morphological data collection

. Plant height (cm): e height of the plants was measured at
maturity using a measurement tape. Five random plants were selected
from each plot, and the height was recorded from the bottom to the tip
of each plant. e measurements from the ve plants were averaged to
obtain the plant height in centimeters.

. Branches per plant: e number of branches on each plant
was counted. Five random plants were selected from each plot, and the
branches on each plant were counted. e average number of branches
per plant was calculated for each treatment.

. Capsules per plant: e number of capsules on each plant
was counted. Five random plants were selected from each plot, and the
number of capsules on each plant was recorded. e average number of
capsules per plant was calculated for each treatment.

. Seeds per capsule: At maturity, the capsules from the same

ve random plants were threshed, and the number of seeds in each

capsule was counted. e count of seeds from the ve plants was
averaged to determine the average number of seeds per capsule [11].

. Seed index (1000 Seeds Weight, g): One thousand seeds
were collected from the seed lot in each plot. e seeds were threshed
and weighed to obtain the seed index in grams.

. Seed yield (kg-ha™?): At maturity, the sesame crop in each
plot was harvested and threshed. e seed yield per plot was recorded
in kilograms. To calculate the seed yield per hectare, the following
formula was used:

. Chlorophyll content:
was measured during the owering stage using a spectrophotometer.

e chlorophyll content of the plants

. Days to 50% owering (DF): e number of days from
emergence to when 50% of the plants in each plot started owering
was recorded.

. Days to 50% maturity (DM): e number of days from
emergence to when 50% of the plants in each plot reached maturity
was recorded.  ese data collection procedures were adapted from the
study conducted by Mank et al. (2018).

Genomic DNA extraction and PCR ampli cation
DNA extraction

At the Republic of Benin, University of Abomey-Calavi, and the
laboratory of Genetics, Horticulture, and Seed Sciences (GBioS),
molecular characterization was conducted. Twenty- ve sesame
accessions were cultivated in a screen-house, and young apical leaves
weighing approximately 200 mg per sample were collected for genomic
DNA extraction [12]. e extraction was performed using the CTAB
Protocol. e samples were nely powdered with liquid nitrogen, and
one ml of newly prepared CTAB bu er was added to all tubes. Nucleic
acids were precipitated using Phenol Chloroform isoamyl alcohol,
followed by washing with 70% ethanol alcohol. DNA precipitation
was further carried out using low salt TE (1X) bu er. RNAase
was added to eliminate RNA, and nally, DNA puri cation was
conducted. e resulting DNA pellet was dissolved in TE (1X) bu er.
Quality assessment was performed using a 0.8% agarose gel, and the
quanti cation of genomic DNA was determined using a Nanaodrop
2000c Spectrophotometer.

Genotyping with simple sequence repeat (SSR) markers

To assess genetic variation, a total of 28 primers were employed to
genotype 25 sesame lines. e objective was to identify polymorphic
primers capable of producing scorable bands at the expected band
size. e selection of these 28 primers was based on the need for
comprehensive genome coverage, the detection of genetic variations
in multiple regions, and the availability of previously validated primers
[13]. e presence or absence of bands corresponding to each primer
was recorded as ‘1’ or ‘0, respectively. Out of the 28 primers, 17 were
found to be polymorphic and produced scorable bands. Hence, these
17 SSR primers were used to screen the twenty- ve accessions using the
SeeAMP™ PCR thermal cycler.

For the PCR reaction, a total volume of 20 pL was prepared. is
contained 0.75 pL of freshly extracted DNA, 2.5 pL of 10x PCR bu er,
1.25 pL of MgCI2, 2.5 pL of each forward and reverse primers, 0.75
pL of dNTPs (dATP, dCTP, dGTP, dTTP), 9.55 pL of double-distilled
water, and 0.2 pL of Taq polymerase [14].

Data analysis

e obtained morphological data for the quantitative traits were
compiled and analyzed using the R 4.2.2 so ware. To assess the
similarity between the accessions, a dendrogram was constructed.
Additionally, yield parameters and growth data, including plant height
at physiological maturity, capsules per plant, branches per plant, and
seeds per capsule, were subjected to analysis of variance using R 4.2.2.

For molecular analysis, the genetic analysis package Power Marker
version 3.25 (Liu and V. Muse, 2005) was utilized. Various parameters
were generated, such as major allele frequency, number of alleles
per locus, observed heterozygosity (HO), polymorphic information
content (PIC), and expected heterozygosity (HE). e R function plot.
hclust was employed to construct the dendrograms [15].
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Results
Morphological Characterization

e morphological characterization of the mutants was conducted
using analysis of variance (ANOVA) to comprehensively assess the
traits and overall performance. e results, summarized in Table 2,
revealed that the genotypes displayed signi cant variation (p < 0.05)
for the majority of the agronomic traits studied, with the exception of
TSW. ese ndings highlight the distinct phenotypic characteristics
and potential impacts of the mutations on the observed traits (Table 2).

Among the di erent sources of variation, it is worth noting that
the replication had a signi cante ect on yield (kg/ha) and days to 50%
maturity (DM). e variation between accessions was also signi cant
for most of the traits, including yield (kg/ha), plant height (PH),
number of branches per plant (NBPP), number of capsules per plant
(NCPP), days to 50% owering (DF), number of seeds per capsule
(NSPC), and thousand seed weight (TSW gm). e residual variation
accounted for the remaining variation in the data [16].

Further analysis of the data revealed signi cant di erences in the
number of capsules formed per plant among the mutant lines. Mutants
C1P18 SI110 and C1P02 SI10 exhibited the highest number of capsules
per plant, with values of 130.6 and 90.3, respectively. Similarly, mutants
C1P10 SI04 and C4P13 SI104 showed high capsule production, with
values of 96.5 and 89.9, respectively. In contrast, the control genotypes
S110 and S104 had lower capsule production compared to the mutants,
with values of 54.3 and 54.6, respectively.

In terms of grain yield, the highest yield of 240.4 kg/ha was
obtained from the C1P18 SI110 mutant, followed by C3P06 SI10 with a
yield of 222.0 kg/ha, both of which were signi cantly di erent from the
control genotypes. Conversely, the lowest grain yield of 84.5 kg/ha was
recorded for the C1P02 S110 mutant, which was signi cantly di erent
from the other lines and controls. e control genotypes SI110 and S104
yielded 145.5 kg/ha and 133.3 kg/ha, respectively [17].

e number of seeds per capsule exhibited signi cant variation
among the mutant lines. Interestingly, the number of seeds per capsule
followed a similar pattern as capsules per plant for the rst four
mutants, as shown. e four lines that produced the highest number of
capsules also yielded the highest number of seeds per capsule. Notably,
the two mutants derived from the SI 04 genotype, C4P13 SI04 and
C1P10 SI04, not only had the highest number of capsules per plant but
also produced the highest number of seeds per capsule.

In terms of thousand seed weight (TSW), most accessions did not
show asigni cantdi erence at a p-value of 0.05. However, the mutant
C1P18 SI10 stood out with the lowest TSW of 1.7 gm, which was
signi cantly di erent from the other lines as well as the check genotype
[18].

ese ndings highlight the complex relationship between the
number of capsules per plant, number of seeds per capsule, and

thousand seed weight. While some mutants exhibited consistent
patterns across these traits, there were also notable exceptions that
demonstrated unique characteristics. Further analysis of these traits
will provide valuable insights into the genetic and physiological factors
in uencing seed production and quality in sesame (Table 3).

e results of the study revealed signi cant di erences (P=0.05)
among the accessions in terms of plant height at physiological
maturity, as presented in. e range of plant height varied from 75.2
cm to 132.3 cm. e tallest plant height was observed in the mutant
line C4P13 S104, while the shortest height was recorded in C1P14 SI10.
Interestingly, it was noted that higher concentrations of EMS (0.2%)
resulted in maximum plant height compared to the controls and other
lines treated with a lower concentration [19].

Moving on to the number of branches per plant, the mutants C2P16
S110 and C1P18 SI10 displayed the highest number of branches, with
values of 9 and 8, respectively. ese values were signi cantly di erent
from the number of branches in other mutants. In contrast, the control
genotypes had the least number of branches per plant, which was
signi cantly di erent from the number of branches in some other
lines. Notably, the mutant C2P18 S110 exhibited the lowest number of
branches per plant, with a value of 3, which was signi cantly di erent
from the control and some other lines.

Regarding the days to 50% owering, the maximum duration was
observed in the mutant C3P12 SI04, with a value of 48 days, which
was almost similar to the control S104 (47 days). On the other hand,
the minimum duration was recorded in the mutant C2P15 SI10, with
a value of 32 days, which was signi cantly di erent from some other
lines and the control (S104). Similarly, the maximum days to 50%
maturity were observed in the mutant C1P18 SI10, while the minimum
days were recorded in the mutant C3P04 S110, both of which were
signi cantly di erent from other mutants and controls [20].

In the M2 generation of sesame, most of the morphological
characters exhibited a declining trend with increasing concentrations
of EMS. However, in the case of the owering date and plant height,
there was an increasing trend in most of the treated progenies. is
indicates the complex interaction between EMS concentration and the
expression of these traits.

e Duncan multiple range test highlighted the variations between
the parental lines (S110 and S104) and the mutants derived from them
interms of all agronomic traits. e parental lines exhibited certain trait
values that were either higher or lower than the mutants, suggesting
the potential impact of mutation on these traits.  ese ndings provide
valuable insights into the changes induced by mutation and the
potential for trait improvement through mutation breeding (Table 4)
[21].

Clustering by morphological traits

In this study, dendrogram clustering was performed using Principal
Clustering Analysis in Studio. e analysis resulted in the formation

Table 2: $QDI\VLV RI YDUDQFH IRU GL HUHQI DIURQRPLF FKDUDFIHWV IQ ORI VHVDPH

Source of variation df Y (kg/ha) DF PH
Replication 1

Accession 24

Residual

QV QRQVLIQLLFDQI  VLIQLFDQI S
VHHG ZHLJKI =) GD\VIR

NBPP

NCPP DM NSPC TSW (gm) cc
0 0

Qv

Gl GHJUHH RI IWHHGRP < \HIG 1&33 QXPEHU RI FDSVXHV SHU SIDQI 163& QXPEHU Rl VHHG SHU FDSVXH 76 = IKRXVDQG
ARZHUQJ 3+ SIDQIKHLIKI 1%33 QXPEHU RI EUDQFKHV SHU SIDQI O GD\V IR

PDIXWN && FKIRURSK\N FRQIHQIV
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of four distinct clusters, as shown in Figure 1. e clustering analysis
revealed that mutants within the same cluster exhibited a higher degree
of relatedness compared to individuals in di erent clusters.

Notably, the dendrogram revealed some variation among the
mutants, with similarity indices ranging from 38% to 90%. e mutants
were categorized into two main clusters, namely Cluster A and Cluster

B, as well as two minor clusters, Cluster D and Cluster C, which
comprised a smaller number of lines [22].

Cluster B emerged as the major cluster, encompassing a total of
14 lines. It is interesting to note that Cluster B consisted of mutants
derived from both genotypes, with 5 mutants originating from SI 04
and 9 mutants originating from Sl 10. On the other hand, the largest
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Figure 2: $YHUIDJIH ILQNDJH XVIQJ GHQGURJIUDP FIXVIHUIQJ IRU

cluster, Cluster A, demonstrated a high degree of association with
Cluster B, having a similarity index of 58.0%. Cluster A consisted of
nine mutants from both genotypes. Furthermore, it was observed that
the mutants derived from SI 10 exhibited greater diversity, as they were
found in all clusters. is highlights the genetic variability present
within the SI 10 genotype (Figure 2) [23].

Molecular characterization
Genetic variability

Genetic variability plays a crucial role in sesame breeding programs.
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Evaluating the amount of genetic variation in sesame is therefore
essential to develop e ective breeding strategies. In a recent study, a
comprehensive analysis was conducted to assess the genetic variability
in sesame mutants.

A total of 325 alleles were detected in the mutants, with an
average of 19.12 alleles per locus. e primer AC558318 exhibited the
highest number of alleles, while also displaying the lowest major allele
frequency. Interestingly, the primer AC557375 yielded the smallest
number of alleles but indicated higher diversity in terms of genotype
number, heterozygosity, gene diversity, and polymorphic information
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content (PIC). e major allele frequency ranged from 0.07 to 0.21,
with an average frequency of 0.16 across the population [24].

e mean gene diversity among the mutants was found to be 0.95,
which was comparable to the PIC. e polymorphic information
content ranged from 0.75 to 0.94, re ecting the diverse nature of the
mutants.  is indicates that the mutants possess a high degree of
genetic diversity, providing a valuable resource for future breeding
programs.

Heterozygosity is a measure of the proportion of individuals in a
population that possess two di erent alleles at a particular locus. In the
mutants, heterozygosity ranged from 0.04 to 1.00, with a mean value
of 0.53. is indicates a wide range of heterozygous individuals within
the mutant population, suggesting the presence of diverse genetic
backgrounds (Table 5) [25].

Link euclidean clustering

e molecular study conducted on sesame mutants revealed
a relatively low level of variability, ranging from 10% to 20%, when
compared to the morphological results. However, through the
application of dendrogram clustering, two major clusters, labeled as A
and B, were identi ed with a similarity index of 79%.

Cluster A, the larger of the two clusters, exhibited further
subdivision into four distinct subclusters (1, 11, 111, and 1V). Subgroup
I consisted of three accessions from SI 04 (C1P31SI04, C3P12 S104,
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observations in our study. However, our ndings aligned more closely
with the plant height reported by Frary et al. (2015). is suggests
that the sesame mutants in our study exhibit a range of plant heights,
with some displaying shorter heights but still maintaining productive
capsule and seed production [29].  ese mutants hold great promise
for future breeding programs, with one particular mutant, C2P14 SI10,
emerging as one of the top 5 mutants in terms of capsule and seed
production. It can be considered a strong candidate for parental line
selection in future breeding activities.

To assess genotype variability, we employed morphological
characterization and molecular markers, speci cally SSR markers.
Morphological characterization revealed a higher degree of variation
ranging from 10% to 51.2% among the mutants. e morphological
dendrogram analysis resulted in two major clusters, consisting of
mutants from both parental genotypes. is nding is consistent with
the study conducted by Pandey et al. (2015), who also observed the
grouping of sesame genotypes from di erent geographical locations
[30].

e use of molecular markers, such as SSR markers, has proven
to be a powerful tool for studying plant diversity in previous studies
(Huang et al., 2002; Khlestkina et al., 2004; Singh et al., 2015; Pandey
et al, 2015). ese markers provide valuable information about
the genetic variability within the mutant population and can aid in
further understanding the relationships between di erent mutants and
parental genotypes.

In addition to the morphological characterization, our study
incorporated the use of SSR markers to assess genetic variability in the
sesame mutant population. e SSR markers revealed a greater number
of alleles compared to previous studies (Dixit et al., 2005; Singh et al.,
2015), indicating a higher level of genetic diversity among the mutants.

e polymorphic information content (PIC) values of the SSR markers
demonstrated their informativeness, with a mean PIC value of 0.90
across all 17 markers. is value is higher than the value reported by
Singh et al. (2015), suggesting a higher level of diversity within our
mutant population [31].

Assessing heterozygosity, which serves as a reliable estimator
of genetic variation, further supported the diversity level of the SSR
markers. Our mutants displayed an average heterozygosity of 0.52,
comparable to the value reported by Singh et al. (2015). is indicates
that the mutants in our study exhibit a signi cant level of genetic
variation, contributing to their potential for future breeding programs
[32].

e clustering analysis using SSR markers and dendrograms proved
to be more e ective in revealing the true extent of variation among the
mutants compared to the morphological dendrogram clustering. e
molecular markers provided a narrower range of diversity among the
mutants, ranging from 10% to 23%, compared to the wider range of
10% to 51.2% observed through morphological characterization.  is
di erence can be attributed to the in uence of environmental factors
on the phenotype of morphological parameters, while molecular
markers remain una ected by these factors. Moreover, SSR markers
are known to provide better distinction between closely related plant
species, further highlighting their e ectiveness in capturing genetic
variation (Powell et al., 1996) [33].

To identify the highest-yielding mutants, we conducted Duncan’s
new multiple range test. Among the mutants, C1P18 S110, C3P06 SI10,
and C4P10 SI04 emerged as the top three mutants in terms of yield.
When it came to seed production per capsule, C4P13 S104, C1P10 SI04,

C1P18 110, and C2P02 SI10 were the top ve mutants. It is interesting
to note that most mutants treated with lower concentrations of EMS
displayed an increase in yield component characters, particularly seed
yield and the number of capsules.

e molecular-based dendrogram clustering further emphasized
the grouping of mutants with high capsule production, while the top
three seed-producing mutants were also clustered together. Based on
their exceptional seed production and number of capsules per plant,
C4P13 S104 stands out as a potential mutant line. Additionally, C1P18
S110, being the highest yielder and capsule producer, as well as the
third-highest seed producer, holds great promise. Similarly, C4P13
S104, as the top seed producer and the third-highest capsule producer,
is also a strong candidate. Lastly, C1P10 SI04, with its second-highest
seed production and capsule numbers, deserves recognition as a
potential line [34].

Overall, our study has provided valuable insights into the variability
and characteristics of sesame mutants. By integrating morphological
and molecular approaches, we have gained a comprehensive
understanding of the genotype variations observed. ese ndings have
signi cant implications for the development of improved breeding
programs, as they identify potential mutant lines with high yield, seed
production, and capsule numbers. Further research and evaluation of
these mutants will be crucial to harness their potential and contribute
to the advancement of sesame breeding programs [35].

Conclusions and Recommendations

In conclusion, the molecular study utilizing SSR markers
demonstrated a more accurate assessment of genetic variability
compared to morphological characterization. e SSR markers
exhibited a diversity range of 10-20% among mutants, while the
morphological characterization displayed a broader diversity range
of 10% to 51.2%. is highlights the signi cance of incorporating
molecular markers, speci cally SSR markers, for a more precise
understanding of genetic variability in sesame mutants.

Additionally, the study identi ed ve promising mutant lines,
namely C1P18 Sl 10, C3P06 SI 10, C4P10 SI 04, C4P13 Sl 04, C1P10
Sl 04, and C1P18 SI 10, which exhibited high capsule per plant and
seed per capsule production. ese mutants have shown potential
for future breeding programs aimed at enhancing sesame vyield. It is
recommended to further evaluate these mutants in other desirable
traits such as seed quality, fatty acid composition, disease resistance,
and drought tolerance to determine their overall suitability for practical
implementation and commercial cultivation.

Based on the ndings of this study, several recommendations were
proposed for future research. Firstly, conducting eld evaluations
of agronomic traits across multiple test locations and seasons is
recommended. is comprehensive approach will provide a more
comprehensive understanding of the mutants’ performance under
varying environmental conditions, aiding in the identi cation of
consistently high-yield potential mutants.

Secondly, further evaluation of selected mutants displaying
promising yield components, such as high seed per capsule and capsule
per plant production, is crucial. is evaluation will help con rm their
potential in other important traits and identify mutants with multiple
desirable characteristics suitable for practical implementation and
commercial cultivation.

irdly, exploring the use of a lower concentration of EMS (0.5%)
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that does not cause chromosomal damage to increase variability
in sesame is recommended. Future research should investigate the
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