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Sesamum genotypes and determination of the genetic relationships among these
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1. Introduction

Sesame (Sesamum indicum L.) family Pedaliaceae, is one of the popular high-value,
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multipurpose oil seed crop grown widely in tropical and subtropical regions. Produc-
tion of Sesame in India is encouraging, as more than 30% of world production is con-
tributed by India alone and identified as the first rank in total production. The average
yield of sesame on global scale is 5.1 quintals/ha while, current world production is es-
timated at about 4.04 million tons annually. India placed the second in the world after
Myanmar with 18.20 lakh ha and 6.10 lakh tons production respectively. The average
yield of sesame on global scale is 5.11 q/ha, while in India, it is 3.30 q/ha which is very
low. It is widely used against various diseases including cancer, cold, colic etc. [1]. Se-
same oil contains a unique compound known as lignans. Lignans comprise sesamin,
sesamolin, and a small amount of sesamol [2]. Lignans are also phytoestorgens and
their conversion to enterolactone is very important in preventing hormone-dependent
cancers like breast and prostate and cardiovascular diseases. Sesamum has also a unique
anti-oxidant compound “sesamol” and poly-unsaturated fatty acid [3] [4] [5]. Even,
Sesamum has great economic importance but the farmers do not attracted much for
cultivation as the low productivity and low economic return. Even India is self-suffi-
cient in production, the productivity is decline due to unavailability of high yielding va-
rieties [6] [7] [8]. Sesamum species are represented by a large number of genotypes/
accessions which are facing genetic erosion. Genetic diversity analysis is utmost impor-
tant for breeding program. Morphological, physiological, agronomic traits and genetic
analysis through molecular marker are the prerequisite to know the genome organiza-
tion of wild land races and related cultivated ones. Recently, molecular marker tech-
nology helps the identification of plant genetic resources. Moreover, the precise num-
ber of cultivars/accessions is still unverified since problems of mislabelling are very of-
ten detected. Therefore, it is essential to establish the strategies for the preservation of
local genotypes. Till now, very scanty systematic work has been made to identify the
indigenous as well as exotic collections along with the local germplasms to study the
genetic diversity [9]. Different PCR and non-PCR based molecular markers have been
utilized to identify the varieties/accessions [9]-[19]. The information of genetic varia-
tion between indigenous and exotic collection of sesame will provide better manage-
ment strategy for crop improvement programme under adverse climatic conditions
[20] [21]. The combination of both agro-morphological and molecular investigation
would be more appropriate to analyse the germplasms of sesame. The present investi-
gation was to identify the phylogenetic analysis of 33 cultivars of Sesamum representing

through agro-morphological and molecular markers.

2. Materials and Methods
2.1. Plant Materials

The genetically pure seed material of 33 Sesamum varieties representing different geo-
graphical locations in India was collected from the germplasm centre of AICRP in Se-
samum at Orissa University of Agriculture & Technology, Bhubaneswar, India (Table
1). The seeds were sown in the pots and grown in green house with 30°C + 2°C with

75% relative humidity to study the morphological, biochemical and molecular analysis.
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The experimental layout was a randomized block design with three replications. The
Soil was mixed with cow-dung at a ratio of 3:1. The plants were irrigated every three

days interval. The morphological data were taken every 7 days interval.

2.2. DNA Preparation

DNA was isolated using CTAB method following the protocol of Doyle and Doyle [22],
with minor modifications. 1.0 - 1.5 g of young non-senescent leaves were ground in
liquid nitrogen. Then they were incubated in CTAB buffer (3% w/v CTAB, 100 mM
Tris-HCl, 20 mM EDTA, 1.4M NaCl, 2% v/v fS-mercaptoethanol, 2% w/v polyvinyl
pyrrolidine, pH 8.0) for 2 h at 65°C. The homogenate was then extracted with an equal
volume mixture of chloroform:isoamylalcohol (24:1) and centrifuged at 9000 rpm for
10 min. The upper aqueous layer was recovered and precipitated with pre-chilled iso-
propanol. The pallet was suspended with Tris-EDTA buffer (pH 8.0). The crude DNA
was treated with RNase and incubated for 30 min at 37°C and again extracted with 1
volume phenol and subsequently with 1 volume of chloroform: isoamylalcohol (24:1).
The supernatant were collected and precipitated with 3 M sodium acetate and pre-
chilled ethanol. The DNA pellet was washed with 70% ethanol, dried, and re-suspended
in TE buffer. The high molecular weight DNA was checked for quality and quantity
electrophoretically using 0.8% agarose gel against a known amount of DNA taken as

standard.

2.3. Primer Screening

Thirty synthesized ISSR primers (M/S Merck Bioscience, India) were initially screened
using six genotypes to determine the suitability of each primer for the study. Primers
were selected for further analysis based on their ability to detect distinct, clearly re-
solved, and polymorphic amplified products within the genotypes. To ensure reprodu-
cibility, the primers generating no, weak, or complex patterns were discarded. A few
well-amplified fragments that were not reproducible across 2 replicates of DNA extrac-

tion were also discarded from analysis.

2.4. PCR Amplifications and Electrophoresis of PCR Products

For ISSR experiment, the initial optimization of PCR was conducted including concen-
tration of template DNA, primer, MgCl,, number of PCR cycles, and annealing tem-
perature. The PCR reaction had a total volume of 25 pl containing 20 ng templates
DNA, 100 mM each dNTPs, 20 ng of oligonucleotides synthesized primer (M/S Emerck
Bioscience, India), 2.5 mM MgCl,, 1x Taq buffer (10 mM Tris-HCI) pH 9.0, 50 mM
KCl, 0.01% gelatin], and 0.5 U Taq DNA polymerase (M/S Emerck Bioscience, India).
DNA amplification was performed in a thermal cycler (Peqlab, Germany) programmed
for a preliminary 5 min denaturation step at 94°C, followed by 40 cycles of denatura-
tion at 94°C for 20 s, annealing temperature depending on the primer (50°C - 56°C) for
30 s and extension at 72°C for 45 s, and finally at 72°C for 5 min. Amplification prod-
ucts were separated alongside a low range molecular weight marker (M/S Emerck Bios-
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cience, India) on a 2% (w/v) agarose gel electrophoresis in 1x TAE (Tris Acetate-
EDTA) buffer stained with ethidium bromide and visualized under UV light. Gel pho-
tographs were scanned through Gel Doc System (UVITECH, UK) and the amplifica-
tion product sizes were evaluated using the software Quantity one (BioRad, California,
USA).

2.5. Analysis of Amplification Profile

Clearly defined ISSR bands that behave as dominant markers were scored for the pres-
ence (1) or absence (0) for all the species/cultivars and entered into a data matrix. The
genetic relationships among the species/cultivar were determined by calculating the
Dice coefficient, estimated as S = 2NAB/NA + NB. Where NAB is the number of am-
plified product common to both A and B. NA and NB corresponds to number of am-
plified product in A and B, respectively. Diversity patterns were represented in the form
of a dendogram that was generated by subjecting the genetic similarity matrix to Un-
weighted Pair-group Method Arithmetic average (UPGMA) cluster analysis with soft-
ware NTSYS-pc, Version 2.0 [23].

3. Results and Discussion

All the varieties grew and developed well. The day of emergence after sowing was
ranged from 3 - 5 days and percentage of germination varied from 50% - 100%. The
data relating to plant height, stem length to the first capsule, days to maturity, number
of fruiting branches and number of capsules/plant were presented in Table 1. The
present study also illustrates to provide additional and rapid molecular marker suitable
for identification of genetic resources and also to assess phylogenetic relationship
among the Sesamum varieties occurring in India. Thirty ISSR primers were used to as-
sess the 33 genotypes of Sesamum is presented in Table 2. Out of 30 primers, 18 pri-
mers generated clear multiplex banding profiles (good/good with less bands), among
which ten primers produced the best ISSR profiles. On modification of annealing tem-
perature, MgCl, primer concentration and template concentration did not improve
their patterns. In addition, the results also showed that the most of the primers based
on GA/AG and CA/GT dinucleotides core repeats generated good banding profiles.
The amplification of ISSR profiles was consistent across three replicate DNA extrac-
tions from three samples, over with 98% of scorable fragments reproducible. This was
in concordance with previous studies an oilseed where the reliability of the protocol
was notified between PCRs and DNA extraction [24]. A higher concentration of MgCl,
(2.5 mM) showed good results. This may be due to non-specific amplification because
of reduced enzyme activity [25]. The concentration of magnesium chloride affects the
specificity and yield of reaction by increasing the stringency of primer annealing or has
a direct effect on Taq DNA polymerase [26]. The selected primers showed highly po-
lymorphic banding profile. ISSR amplification for all samples resulted in multiple band
fingerprint profile for the selected ISSR primers (Figure 1). The average number of
identified fragments per primer was 6.33, with a range from 4 to 8, while the average
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Table 1. Agromorphological characteristics of 33 genotypes of Sesamum indicum L.

St Numb
Days of .em Number ¢ Number 1000 Number
L height Days to of
Sr. Emergence Germination Plant Days to Seed  ofseeds seeds of seeds
Genotypes . to the first . V . capsule .
No. after percentage  Height (cm) maturity . fruiting colour per weight  per
i capsule flowerin, branches er capsule in (gm) lant
sowin,
J (cm) plant P & P
1 S1-2138-2 3 60 163.7 +£10.2 5537 +1.4 92 42 3 62 Black 50 2.43 3100
ES-120- Greyish
5 60 1604 +11.4 42.67+1.8 90 40 2 52 . 35 2.18 1820
1-84-13 white
Greyish
3 S-0140 3 75 1509 +12.6 33.78£1.7 89 41 3 53 black 47 3.18 2491
Greyish
4 NIC-8463 4 75 167.5+10.7 51.56 £ 1.5 85 42 3 56 hite 33 2.71 1848
W]
. Brownish
5 Amrit 3 80 143.3+10.3 3581 +1.3 78 37 4 67 . 36 2.82 2412
white
. Brownish
6 Nirmala 4 80 155.7+11.4 33.52*1.5 80 38 3 54 . 51 2.23 2754
white
Brownish
7 Usha 6 60 112.5+12.8 41.65+1.7 81 40 3 62 . 40 2.36 2480
white
8 Prachi 3 90 160.4 +£10.7 43.68+1.4 85 39 3 63 Black 48 3.42 3024
. Brownish
9 Kalika 4 75 158.8 +10.2 46.48+1.8 86 40 2 54 gre 51 2.46 2754
Y
10  Kanaka 3 95 160.5+11.4 4140%1.5 81 38 2 63 White 42 3.03 2646
Brownish
11 S1-44 5 55 129.8 +12.8 2540+ 1.7 89 41 3 44 . 47 3.05 2068
White
$1-199-2-8 )
12 4 4 70 129.4 +10.5 2540*1.5 87 37 3 57 White 37 2.74 2109
13 RJS-44 4 60 1353+11.4 3048+1.9 91 37 4 43 White 45 3.34 1935
14 S1-1025 3 50 153.2+12.6 55.88+1.3 96 39 4 58 White 46 3.52 2668
15  S1-1671 5 70 164.7 +10.3 63.50 £ 1.2 84 40 8 60 White 39 3.67 2340
16 S1-85 5 70 140.5+10.6 33.02%1.5 92 38 4 61 White 38 3.60 2318
. 3.48
17 15-684 5 85 150.4 +11.2 60.96 + 1.7 89 43 3 58 White 36 2088
Brownish
18 S1-339 6 60 1453 +12.3 55.88+1.4 91 40 3 57 black 40 3.14 2280
19 NIC-17508 4 75 148.7 +11.3 6096 +1.6 88 41 4 59 White 38 2.71 2242
20  S1-1585 5 80 1499 +10.5 22.86*1.3 87 34 6 62 White 41 3.95 2542
21 S1-205 4 90 151.7 +11.2 25.04+1.8 93 38 5 61 White 39 3.23 2379
22 KMR-11 4 90 142.4+13.2 3556+ 1.5 86 41 6 55 White 40 3.13 2200
23 1IC-1634-3 6 50 153.3+11.4 40.64+1.7 90 37 7 56 White 41 3.56 2296
24 KM-13 6 80 150.5+10.4 60.96 +1.2 85 38 3 58 White 45 3.29 2610
25 S1-205 4 80 163.7 +11.4 68.58 + 1.5 91 39 6 63 White 44 2.68 2772
26 S-0337 4 100 160.1 +12.5 63.50 + 1.6 86 37 5 61 Black 44 2.72 2684
Brownish
27 1S-607-1-84 4 50 160.3 +11.2 6858 £1.2 86 42 4 45 black 41 3.16 1845
2403
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Continued
28 SI-1926 80 168.9+10.8 78.74+17 93 41 12 47 Brsl‘z:fh 42 2.56 1974
29 NIC-13598 50 167.5+10.5 8432+14 89 43 11 57 Brsl‘z:fh 48 266 2736
30 ENT-78:30 80 1587113 623215 86 2 4 g5 Browmish o s 2115
1 black
31 ES-71-A 60 154.6 +13.2 33.78+13 88 40 4 45 Black 44 263 1980
32 S-336 100 1654+ 11.5 6731+1.5 95 38 12 46 Black 57 2.90 2622
33 KIS-398 90 16554126 2667+14 85 40 4 48 Br{)’l‘: :;Sh 53 236 2544
Table 2. Polymorphism detected by using the eighteen selected ISSR primers.
Name of Sequence Total No. of ' Percentage.of Band range
the Primer o3 number of polymorphic  polymorrphism (bp)
fragments fragments (%)
UBC-818 (CA)8G 08 07 87.5 280 - 900
UBC-825 (AC)8T 06 02 333 350 - 1000
UBC-890 (A(Cfé%A ZCC;FTGTTG 05 05 100 200 - 800
UBC-855 (AC) 8CTT 06 06 100 350 - 1200
USB-807 (AG) 8T 08 08 100 550 - 3500
USB-808 (AG) 8C 05 04 80.0 600 - 1200
USB-810 (GA) 8T 07 06 85.7 200 - 800
USB-811 (GA) 8C 09 07 77.8 300 - 1000
USB-835 (AG) 8AC 04 02 50.0 270 - 850
USB-838 (GA) 8AT 07 07 100 300 - 2000
USB-839 (GA) 8GC 03 02 66.7 450 - 1700
USB-840 (CT) 8T 06 06 100 400 - 1500
USB-843 (GA) 8GT 05 04 80.0 300 - 850
USB-844 (GA) 8AG 06 04 66.7 200 - 800
AM1 (GGC) 5AT 08 07 87.5 350 -1500
AM2 (AAG) 5GC 06 06 100 350 - 1200
AM4 (AAG) 5CC 08 07 87.5 200 - 1250
AM6 (AGC) 5GG 07 07 100 350 - 1200
114 97 85.08
number of polymorphic fragments per primer was 5.38 with a range from 2 to 8. Out of
the 114 scorable fragments, 97 were polymorphic revealing 85.08% polymorphism
across the 33 varieties studied (Table 2). In this study primers based on GA/AG and
GT/TG dinucleotides core repeats generated good profiles, which seem to indicate that
the more frequent microsatellite in Sesamae contains the repeated dinucleotides
2404 0:%: Scientific Research Publishing
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(AG/GA) n and (GT/TG) n. Our results are in accordance with the SSR analysis re-
ported earlier [18]. Baydar [27] reported that the sesame varieties with non-branching
character having higher yield advantages for mechanized cultivation, because of their
uniform maturity in a short growing period. The varieties were ranked with low to high
seed yield as reported [28]. Sharma ef al [29] reported that RAPD and ISSR markers
may be converted to co-dominant sequence characterized amplified region/sequence
tagged site (SCAR/STS) markers to develop variety specific markers. The present study
indicates that there was a distant variation in DNA amplification of 33 varieties of Se-
samum collected from Eastern India. The matrix calculated for all possible pair wise
comparisons between varieties showed that the index value varied from a minimum of

0.45 between “SI-2138-2” and “S-0140” to a maximum of 0.87 between “Usha and
KIS-398” and “Kanaka” and “KIS-398” (Table 3). All the others ones have displayed

M12 34567 8 91011121314151617 M 18 1920 212223 242526 27 2829303132 33

wa
[ - O U O U G 00 00 GD - - e 0D oe

WD T e D A e e e
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1 3 2 20 cd

- ew e 4 —
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Figure 1. ISSR banding pattern of 33 varieties of Sesamum using synthesis primer: USB 843 (A),
USB-835 (B), UBC-818 (C) and UBC-825 (D). M-low range DNA marker. No. 1 - 33 is the varie-
ties of Sesamum as in Table 1.
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varjous intermediate levels of similarity. Cluster analysis showing a dendrogram using
Jaccard’s coefficient under UPGMA method divided into two major clusters at 0.45 si-
milarity level: Al and A2 (Figure 2). Cluster Al had 2 varieties and cluster A2 had 31
varieties. Cluster Al had two varieties “RJS-44” and “SI-339”. Similarly, A2 major clus-
ter was divided into two minor groups ie. Bl and B2 with 56% similarity with each
other. The minor cluster B1 had only two varieties e “S-0140” and “SI-1025”. Another
minor cluster B2 was further divided into two sub-minor clusters Ze. C1 and C2 having
65% similarity with each other. The minor sub cluster C1 having four varieties (“SI-
2057, “IC-1634-3”, “S-0337” and “SI-1926”) with 70% similarity with each other...
However, “SI-205” and “SI-1926” have 76% similarity among themselves. The minor
sub cluster C2 was further divided into two clusters 7.e. D1 and D2 with 67% similarity.
In this study, it was observed that the var. Usha and Kanaka have highest similarity
(87%) among themselves and similar days of maturity and day to 50% flowering. But,
morphologically they were very close similarity among themselves. The varieties “Nir-
mala” and “Kalika” have 82% similarity with each other and 80% similarity with
“Amit”. All these three varieties were morphologically alike with high germination abil-
ity and 1000 seed weight ranged from 2.46 to 2.82 g. Our results indicate that the ge-
netic relationship among the Sesamae varieties, inferred by ISSR markers, were in ac-
cordance with their morphological characters. The principal component analysis (PCA)
and 2D analysis were reflected in Figure 3 & Figure 4. The molecular markers consis-
tently show that pollinator wasp species are deeply and consistently well resolved phy-
logenetically, both within and among the varieties that are associated with different se-

samae germplasms as reported [21]. The Sesamae is a short day plant and is normally

E2
f Vi
V22

0.20 0.40 0.60 0.80 1.00

jSimilarty Coefficient

Figure 2. UPGMA dendrogram based on the similarity coefficient, showing the clustering
pattern among the 33 varieties of Sesamum. V1 - V33 is the varieties of Sesamum as in Table 1.
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Figure 3. Principal Component analysis based on the similarity coefficient, showing the

distribution pattern among the 33 varieties of Sesamum. V1 - V33 is the 33 varieties of Ses-

amum as in Table 1.
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Figure 4. 2D-analysis based on the similarity coefficient, showing the distribution pattern
among the 33 varieties of Sesamum. V1 - V33 is the 33 varieties of Sesamum as in Table 1.

self pollinated, although cross pollinated ranging from 5 to over 50% occurs. Most of
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the varieties show an indeterminate growth habit.

4. Conclusion

This study indicates that the information for variety identification and the presence of
genotypes in the distribution of parental species for Sesamae have been confirmed with
both agro-mophological and ISSR markers. This analysis is quick and reproducible, and
can generate sufficient polymorphism to identify the varieties, although most ISSR al-
leles are dominant rather than co-dominant. This investigation could be refined to in-
clude more markers and individual variety analysis for detailed characterization of Se-

samae taxa that would be essential for future breeding and crop improvement program.
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