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Abstract 
Knowledge of genetic diversity is essential for any future varietal improve-
ment program. Thus, the objective of this study is to contribute to a better 
knowledge of the genetic diversity within 15 sesame accessions, using bio-
chemical markers and RAPD. The accessions are of various sources and seeds 
of different colors; color being an important feature in the sesame market. 
SDS-PAGE on protein extracts of sesame seeds revealed 31 protein markers, 
only 4 of which were polymorphic, indicating that this technique is not suita-
ble for studying genetic diversity in S. indicum. The analyses on isoenzymatic 
extracts of esterase from sesame seedlings made it possible, to distinguish and 
classify the accessions into 2 major groups. RAPD analysis of genomic DNA 
using 10-mer primers revealed a high inter-accession genetic diversity. A total 
of 53 DNA markers, including 48 polymorphic, were produced. The coeffi-
cient of similarity between accessions ranged from 0.343 to 0.897. RAPD 
markers were found to be more suitable for studying genetic diversity within 
sesame germplasm than isozyme analyzes. Nevertheless, geographical distri-
butions and seed colors are not related to the classes formed. 
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1. Introduction 

Sesame (Sesamum indicum L.) is a warm weather crop, often growing under 
stress conditions. Its seed contains 20% - 25% protein and 50% - 60% oil. Sesame 
oil has excellent stability due to the presence of natural antioxidants such as se-

How to cite this paper: Quenum, F.J.-B. 
and Yan, Q.C. (2017) Assessing Genetic 
Variation and Relationships among a Mini 
Core Germplasm of Sesame (Sesamum in- 
dicum L.) Using Biochemical and RAPD 
Markers. American Journal of Plant Sciences, 
8, 311-327. 
https://doi.org/10.4236/ajps.2017.83022  
 
Received: November 28, 2016 
Accepted: February 1, 2017 
Published: February 4, 2017 
 
Copyright © 2017 by authors and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/  

   
Open Access

http://www.scirp.org/journal/ajps
https://doi.org/10.4236/ajps.2017.83022
http://www.scirp.org
https://doi.org/10.4236/ajps.2017.83022
http://creativecommons.org/licenses/by/4.0/


F. J.-B. Quenum, Q. C. Yan 
 

312 

samolin, sesamin, and sesamol [1]. Myanmar, India and China are the most im-
portant sesame producers followed by Ethiopia, Nigeria, Sudan, Uganda and 
Tanzania in Africa [2]. In Benin, sesame is grown in the north-western and 
north-eastern zones, as a subsistence crop either for its leaves or seeds, which are 
roasted for food. It is anticipated that commercial sesame cultivation will in-
crease in this country. The elite cultivar 38-1-7 was introduced to most major 
sesame planting areas in Benin over the last 20 years according to farmers. The 
decreasing crop yield according to farmers can be attributed to its cultivation in 
un-irrigated areas, lack of varietal replacement through development of hybrids. 
According to Pathak et al. [3] low productivity has been partially attributed to a 
lack of improved varieties tolerant to biotic and abiotic stresses like diseases, 
pests and drought. The low seed yield of sesame is a consequence of a lack in 
breeding attention. Sesame production is also limited by lack of uniform matur-
ity of capsules, and seed shattering [4]. 

The main challenges associated with sesame cultivation are drought and heat 
stress at certain periods of the growing season [5]. Though variations in climatic 
and edaphic conditions affect sesame yields and performance, the major con-
straints identified in growing sesame in most countries are instability in yield, 
lack of wider adaptability, drought, nonsynchronous maturity, poor stand estab-
lishment, lack of response to fertilizer application, profuse branching, lack of 
seed retention, low harvest index and susceptibility to insect pests and pathogens 
[6]. Furthermore, global change is predicted to increase the severity of drought 
and heat stress in warm temperate to tropical areas with potentially large effects 
on yield [7]. Thus, building on genetic diversity to find suitable varieties and 
breeding material for stressed conditions is of top priority to continue sesame 
cultivation in traditional areas. Thousands of sesame accessions have been col-
lected, and a lot of work on morpho-agronomic characterisation has been done 
[8] [9]. A very wide diversity is available in existing germplasms and desirable 
traits have been reported in those germplasms [10]. Some agronomic traits, use-
ful for yield improvement, have been identified, e.g. non shattering capsule, long 
capsule, pests and diseases resistance. However, little information on the mole-
cular and seed esterase variation is available for S. indicum in Benin; and also 
how accessions from Benin relate to other accessions from the world.  

Genetic diversity of crops is important for sustainable development and food 
security. It is also important for selection of parents that can be used in plant 
breeding programs. Improvement of a crop species requires good knowledge on 
genetic diversity. Pathak et al. [3] reviewed sesame diversity studies carried out 
using various methods such as morphological, biochemical and molecular 
markers. 

Moreover, seed storage proteins [11] and isozymes [12] [13] have proven to be 
reliable markers for assessing diversity in sesame, since they do not change with 
environmental conditions. Several types of molecular markers have been devel-
oped and applied to sesame genotyping, such as random amplified polymorphic 
DNA (RAPD) [14] [15], simple sequence repeats (SSR) [16], inter-simple se-
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quence repeats (ISSR) [17], amplified fragment length polymorphism (AFLP) 
[18], sequence-related amplified polymorphisms (SRAP) [19] and expressed se-
quence tags-SSR (EST-SSR).  

In this study, we analysed the genetic diversity of a mini core sample of mor-
phologically diverse accessions using biochemical and molecular markers, and 
assessed the degree of congruence between the agro-morphological biochemical, 
and molecular markers in Sesamum indicium. 

2. Materials and Methods 
2.1. Plant Material 

A total of 15 accessions of S. indicum were included in the investigation. 10 were 
obtained from core collections established at CAAS, Wuhan (China); one was 
obtained from INRAB, Niaouli (Benin), and the rest from the demonstration 
garden at Huajiachi Campus, Zhejiang University. Characteristics are provided 
in Table 1. 

2.2. DNA Extraction 

About 15 seeds per accessions were used for extraction. The seeds were ground 
with a pestle and mortar. The powder was thoroughly mixed and homogenised 
in 600 μl of extraction buffer (containing 2% CTAB, 100 mMTris-HCl pH 8.0, 
20 mM EDTA pH 8.0, 1.4 M NaCl, 2% ME) in a 1.5 microcentrifuge tube. The 
homogenate was maintained for 40 min at 55˚C in water bath. The tubes were  

 
Table 1. Characteristics of the 15 accessions investigated in this study. 

Code Accession Seed colour Origin 
Braching  

habit 
100-seed  

weight (g) 
Area  

(mm2) 
Length  
(mm) 

Diameter or  
Width (mm) 

Circumference 
(mm) 

Roundness 

1 ZZM0611 White X High 0.306 6.17 (0.09) 3.59 (0.03) 2.25 (0.02) 9.81 (0.06) 1.17 (0.00) 

2 ZZZM1415 Black X High 0.252 4.54 (0.15) 3.17 (0.05) 1.93 (0.04) 8.81 (0.12) 1.31 (0.02) 

3 ZZM3186 Yellow Jilin Low 0.258 6.36 (0.10) 3.62 (0.03 ) 2.37 (0.02) 10.13 (0.08) 1.21 (0.01) 

4 ZZM0795 Brown X Moderate 0.258 5.78 (0.08) 3.48 (0.02) 2.19 (0.02) 9.65 (0.06) 1.21 (0.01) 

5 ZZM0829 Brown X Low 0.251 6.05 (0.07) 3.64 (0.03) 2.19 (0.02) 9.97 (0.06) 1.23 (0.01) 

6 ZZM2431 Black Anhui Moderate 0.241 4.14 (0.09) 3.18 (0.03) 1.80 (0.03) 8.69 (0.08) 1.38 (0.01) 

7 ZZM2812 Black Jiangxi Un-branch 0.252 2.91 (0.07) 2.67 (0.04) 1.49 (0.03) 7.31 (0.08) 1.39 (0.02) 

8 ZZM2918 White Guanxi Un-branch 0.261 6.34 (0.10) 3.59 (0.03) 2.32 (0.03) 10.00 (0.07) 1.18 (0.01) 

9 ZZM2737 Black Zhejiang Low 0.243 3.72 (0.09) 3.21 (0.05) 1.59 (0.03) 8.43 (0.09) 1.45 (0.03) 

10 38-1-7 White Benin High 0.340 6.46 (0.09) 3.55 (0.02) 2.39 (0.03) 10.06 (0.07) 1.18 (0.01) 

11 ZZM2874 White Guizhou High 0.218 6.03 (0.07) 3.42 (0.02) 2.34 (0.02) 9.66 (0.05) 1.16 (0.01) 

12 Loahongzhulian Grey-brown Huajiachi Un-branch 0.344 6.26 (0.08) 3.69 (0.03) 2.22 (0.02) 10.08 (0.07) 1.22 (0.01) 

13 Jioaganzhu Grey Huajiachi Un-branch 0.338 6.13 (0.08) 3.57 (0.02) 2.26 (0.02) 9.89 (0.06) 1.20 (0.01) 

14 Balinzhima Grey Huajiachi Un-branch 0.308 5.74 (0.10) 3.32 (0.03) 2.25 (0.02) 9.43 (0.08) 1.16 (0.01) 

15 Chanzhongzhi white Huajiachi Un-branch 0.370 7.37 (0.08) 3.91 (0.03) 2.45 (0.02) 10.82 (0.06) 1.19 (0.01) 

NB: x means unknown origin; -Mean values and standard error (in parentheses) for the seed parameters.  
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kept for 10 min to allow them to return to room temperature. An equal volume 
of chloroform/isoamyl alcohol (24:1) was added to the tubes and they were cen-
trifuged at 13,000 rpm at 15˚C for 15 min. The supernatant was transferred to a 
clean tube. 1/10 volume of 10% CTAB, 1/3 volume of 70% alcohol and 2/3 vo-
lume of chloroform/isoamyl alcohol were added to the tubes, and they were cen-
trifuged at 13,000 rpm at 15˚C for 15 min. The supernatant was transferred to a 
fresh tube and DNA precipitated by adding an equal volume of precipitation so-
lution (1% CTAB, 50 mMTris-HCl pH 8.0, 10 mM EDTA pH 8.0, 1% ME). The 
tubes were kept static for more than 30 min and then centrifuged at 5500 rpm at 
4˚C for 10 min. The tubes were allowed to drain. The DNA precipitate was dis-
solved in 300 μl TE (10 mMTris-HCl pH 8.0, 1 mM EDTA pH 8.0, 1M NaCl, 
1.5% SDS, 1 μg/ml RNase) and incubated for a minimum of 60 min at 37˚C in 
water bath. An equal volume of solution of phenol/chloroform, prepared in a ra-
tio of 1:1, was added to the tube and mixed gently and the tube was centrifuged 
again. DNA was precipitated using isopropanol. The DNA pellet was washed 
with 70% ethanol and absolute ethanol, and air-dried at room temperature for 3 
hours. Final pellet was solubilized in 200 μl TE and kept at −20˚C. 

2.3. RAPD Amplification 

Oligonucleotide primers of 10-mer from the series OPS (Operon Technolo-
gies/Shanghai Shending) were tested for their ability to amplify scorable and re-
producible fragments. 

The polymerase chain reactions (PCRs) were performed following Williams et 
al. [20] with some modifications. Each 15 μl PCR reaction mixture consisted of 
approximately 10 ng template DNA; 400 μg primer; 1.0 U Taq DNA polymerase; 
200 μmoldNTP; 2.0 mmol Mg2+. The PCR reaction was carried out in a DNA- 
Thermal-Cycler 480 PCR under the following programmed conditions: an initial 
denaturing step of 5 min at 94˚C, 40 cycles consisting each of 1 min at 94˚C, 1 
min 38˚C, and 2 min at 72˚C with a final elongation step of 10 min at 72˚C.  

The products of the reaction were electrophoresed in 1xTAE buffer on 1.4% 
agarose gels containing 0.2 μg/μl of ethidium bromide for about 3 hours. The 
gels were photographed under UV light with Polaroid film. 

2.4. Seed Storage Proteins 

SDS-polyacrylamide gel electrophoresis (SDS-PAGE) of seed storage protein was 
carried out using a discontinous gel technique as described by ISTA [21] rules 
8.6.A.3. Five seeds per accession of sesame were crushed with 150 μl extraction 
buffer in 1.5 ml centrifuge tubes. 

2.5. Esterase 

Three seeds (or seedlings) per accession of sesame were grinded (or macerated) 
with 100 μl buffer (Tris-Hcl and saccharose). Samples were centrifuged for 5 min 
at 10,000 tr/min in an Eppendorf microcentrifuge. The supernatant (25 μl) was 
electrophoresed on polyacrylamide of 2.5% (pH 6.7) in the concentration and 
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8.75% (pH 8.9) in the separation gel. The electrophoretic separation was in-
itiated with 150 V, and voltage was slowly raised to 300 V after the tagging dye 
had passed to the separation gel. Electrophoresis was carried out at 10˚C - 20˚C 
for approximately 2 - 3 hr. The gels were stained in solution containing 20 mg 
α-naphtyl acetate, 20 mg β-naphtyl acetate and 150 mg Fast blue RR salt in 200 
ml 0.1 M sodium phosphate solution. Gels were incubated at 37˚C until bands 
were visualized. 

2.6. Data Analysis 

The RAPD assays were performed in triplicate and only those patterns obtained 
at least twice were scored. Fragments were manually scored as presence (1) or 
absence (0) of amplification product for each primer and used to calculate Dice’s 
coefficient of similarity for each pair of accessions as follows: 

( )2 ,Sij a a b c d= + + +  

equivalent to the coefficient of Nei & Li [22] where Sij is the similarity between 
two individuals, i and j; a is the number of bands present in both i and j; b is the 
number of bands present in i and absent in j; c is the number of bands present in 
j and absent in i and d is the number of bands absent in both. The similarity 
value found were used to group accessions via Unweighted Pair Group Method 
(UPGMA). NTSYSpc version 2.2 [23] was used to perform all analyses. 

The banding patterns and schematic diagrams (zymograms) were recorded. 
The relative migration (Rf values) of each band was measured in each zymogram 
for every accession studied using the following equation: Rf Value = Distance 
migrated by the enzyme band from the cathodal edge/Distance migrated by the 
dye marker. Data were recorded as the presence or absence and relative band in-
tensity. For genetic diversity relationships, cluster analysis was performed using 
NTSYS-pc version 2.0. 

3. Results and Discussion 
3.1. Plant Material Analysis 

One of the most important attributes for introducing sesame grains in the mar-
ket is seed color. Seed coat color is an important agronomic trait in sesame, as it 
is associated with seed biochemical properties, antioxidant content and activity 
and even disease resistance of sesame. There is a wide variability in sesame seed 
coat color (Table 1), which varies from white to black. Due to the importance of 
this trait for the export market, seed color is a central target in sesame breeding 
programs [24] [25]. 

3.2. RAPD Analysis 
3.2.1. DNA Template 
The concentrations of template DNA tested were 2.3, 4.6, 9.2, 18.4, 36.8 ng. 

Approximately 10 ng of DNA template gave maximum number of reproduci-
ble bands and thus was used in this experiment. These results showed that DNA 
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extraction from seed, without germinating them, is applicable in sesame. Gener-
ally, there is no dormancy in sesame. However, accession ZZM2431 showed 
short-term seed dormancy. Ashri [26] also reported six months seed dormancy 
in a Mexican cultivar, but that dormancy could be broken by soaking seed in 
GA3 solutions. Therefore, using seed for DNA extraction could escape dorman-
cy observed in sesame and germination efforts. 

3.2.2. Fingerprints Patterns and Primer Selection 
RAPD markers were used to evaluate the extent of genetic diversity among se-
same accessions. As molecular markers, it is comparatively cheap and simple 
[27] [28]. Single arbitrary 10-mer primers from the series OPS were tested for their 
ability to amplify scorable and reproducible DNA fragments. Primers resulting in 
complex amplification pattern or unreproducible PCR products per accession 
were excluded for the statistical analysis. Six primers (Table 2) yielding consis-
tent and distinct amplification products were then included in this analysis. 

3.2.3. Genetic Variation  
A total of 53 fragments were produced by the 6 primers across the 15 materials. 
The number of fragment per primer varied from 4 to 14 (Table 2), with an average 
of 8.83. Between 2 and 13 polymorphic bands were scored for each primer. Out of 
53 generated fragments, 48 (90.6%) were polymorphic, indicating that there was 
considerable variation at DNA level in the sesame germplasm investigated.  

3.2.4. Accession-Specific Markers  
Twelve accession-specific RAPD markers were observed; these fragments were 
unique to six different accessions. The five RAPD bands OPS29-b, OPS29-l, 
OPS32-b, OPS32-e and OPS38-a were unique to the single accession “Balinzhi-
ma”, and the bands OPS01-c, OPS29-c and OPS35-a were unique to accession 
ZZM0611. The fragments OPS01-b and OPS01-f were only present in ZZM2918 
and INRAB38-1-7 respectively. Similarly ZZM2874 and “Laohongzhulian” were 
sufficiently distinguishable from all the others by RAPD bands OPS29-a and 
OPS01-n respectively (Figures 1-5). This discrimination was expected as the  

 
Table 2. RAPD primers and number of fragment scored for each primer. 

Primers code 

Bands evaluation 

Total number of  
fragment 

Polymorphic fragments  
number 

Polymorphic fragments  
percent 

OPS 01 

OPS 22 

OPS 29 

OPS 32 

OPS 35 

OPS 38 

Total 

Average 

14 

4 

12 

7 

10 

6 

53 

8.83 

13 

2 

12 

6 

9 

6 

48 

8.0 

92.9 

50 

100 

85.7 

90.0 

100 

90.6 
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Figure 1. PCR-RAPD profile of 15 accessions of sesame generated by primer OPS1. 
(Name of genotypes 1 to 15 is given in Table 1). 

 

 
Figure 2. PCR-RAPD profile of 15 accessions of sesame generated by primer OPS 22. 
(Name of genotypes 1 to 15 is given in Table 1). 

 

 
Figure 3. PCR-RAPD profile of 15 accessions of sesame generated by primer OPS 29. 
(Name of genotypes 1 to 15 is given in Table 1). 

 

 
Figure 4. PCR-RAPD profile of 15 accessions of sesame generated by primer OPS 32. 
(Name of genotypes 1 to 15 is given in Table 1). 

 

 
Figure 5. PCR-RAPD profile of 15 accessions of sesame generated by primer OPS 38. 
(Name of genotypes 1 to 15 is given in Table 1). 

 
objective to find out diversity in minute molecular level and can be useful for 
obtaining cultivar/genotype specific profiles as they showed high level of poly-
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morphism among the selected accessions. These unique RAPD markers found in 
our study could be used to identify selected sesame accessions. In other studies, 
Sarkar et al. [14] found height primers resulted unique bands. Primer OPA-2, 
OPA-4, OPA-5, OPA-9, OPA-18, OPM-10, OPM-16, OPM-20 were able to re-
veal > 60% polymorphism among the accessions selected. 

3.2.5. Genetic similarity 
Pair-wise similarity coefficient among the 15 accessions ranged from 0.343 to 
0.897 (Table 3). The pair of accessions ZZM0795 and Balinzhima had the lowest 
similarity coefficient of 0.343, while ZZM0829 and ZZM3186 were the most dis-
tant. Out of 105 pair of sesame combinations, 16 had a similarity coefficient of 
less than 0.50, indicating a wide genetic difference between them. A very high 
level of polymorphism has been observed with the of RAPD markers indicating a 
wide and diverse genetic base of the sesame germplasm analysed by Bath et al. 
[27]. However, in 38 pairs of sesame combinations, the similarity coefficient was 
greater than 0.70, such as accessions 38-1-7 (from Benin, West-Africa) and 
ZZM2737 (from Zhejiang, China) showing great similarity of 0.878. These re-
sults revealed that most of the accessions showed high degree of genetic similar-
ity at the molecular level following RAPD analysis. Bhat et al. [27], in their stu- 
dy, also observed association between variation among sesame collections and 
their geographic origin.  

3.2.6. Cluster Analysis  
Based on Dice coefficient similarity matrix using UPGMA, the 15 accessions 
were grouped into two clusters I and II at the point of 0.64 genetic similarity, 
and one independent accession, “Balinzhima” at the point 0.43 (Figure 6).  

 
Table 3. Pair-wise similarity of the 15 accessions. 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

1.00 

0.615 

0.655 

0.622 

0.679 

0.654 

0.667 

0.680 

0.652 

0.622 

0.618 

0.560 

0.609 

0.400 

0.435 

 

1.00 

0.877 

0.638 

0.800 

0.704 

0.681 

0.846 

0.750 

0.638 

0.772 

0.731 

0.750 

0.429 

0.708 

 

 

1.00 

0.640 

0.897 

0.772 

0.680 

0.800 

0.706 

0.600 

0.800 

0.800 

0.745 

0.444 

0.745 

 

 

 

1.00 

0.708 

0.681 

0.800 

0.667 

0.732 

0.650 

0.600 

0.489 

0.537 

0.343 

0.439 

 

 

 

 

1.00 

0.800 

0.667 

0.792 

0.735 

0.625 

0.759 

0.717 

0.612 

0.419 

0.635 

 

 

 

 

 

1.00 

0.681 

0.731 

0.708 

0.638 

0.702 

0.577 

0.667 

0.381 

0.667 

 

 

 

 

 

 

1.00 

0.711 

0.731 

0.650 

0.560 

0.489 

0.683 

0.514 

0.488 

 

 

 

 

 

 

 

1.00 

0.739 

0.667 

0.764 

0.720 

0.652 

0.400 

0.565 

 

 

 

 

 

 

 

 

1.00 

0.878 

0.627 

0.652 

0.714 

0.389 

0.571 

 

 

 

 

 

 

 

 

 

1.00 

0.600 

0.578 

0.634 

0.400 

0.585 

 

 

 

 

 

 

 

 

 

 

1.00 

0.836 

0.706 

0.400 

0.667 

 

 

 

 

 

 

 

 

 

 

 

1.00 

0.652 

0.400 

0.696 

 

 

 

 

 

 

 

 

 

 

 

 

1.00 

0.500 

0.762 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.00 

0.500 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.00 

(Name of genotypes 1 to 15 is given in Table 1). 
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Figure 6. Dendrogram generated for 15 sesame accessions from 48 polymorphic RAPD 
markers by cluster (UPGMA) analysis. 

 
Divergent genotypes may have good breeding value. In cluster I, there were  

five accessions, of which ZZM0611 was the most divergent. Cluster II which con- 
tained the other nine sesame accessions, were further divided into two sub-clusters 
at the point of 0.70 similarity. Although the cluster analysis classified accessions 
into several clusters or sub-clusters, the accessions in each group could not be 
associated with their locality of origin or seed coat colour. Outcrossing in sesame 
can reach 68% [26]. Also several accessions were acquired as seed and the origin 
can thus not be guaranteed. All these observations are supported by evidences 
from the investigation of Zhao et al. [12]. Out of the 5 isozymes studied in 18 se-
same accessions, only esterase showed diversity between accessions and within an 
accession. Such a variation within an individual accession led to conclude that se-
same accessions investigated were all heterogeneous. The objective of our expe-
riment was prevalence of gross genetic differences among accessions. In such con-
ditions, about 15 seeds per accession were bulked for DNA extraction, and thus 
the frequency of RAPD profiles per accession was probably hided.  

The primers individually could group the 15 accessions into 3 or 4 groups 
each. However, none of the individual primers could not cluster these germ- 
plasms into region-specific or seed colour-specific groups. Our results were in line 
with recent works on sesame diversity using RAPD markers [14] [15]. This lack of 
strong association between geographical distribution and classification based on 
molecular markers in sesame has been observed also in other studies [29] [30], 
and may reflect exchange of sesame germplasm among widely separated loca-
tions [30]. Our results support the previous studies wherein a very low relation-
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ship between geographic origin and genetic diversity has been reported in sesame 
germplasm based on morpho-agronomic traits [31], that may be due to exchange 
over short distances and micro-environment influences. Nevertheless, Pham [30] 
found a relatively high correlation (r = 0.88, P < 0.001) between the agro-morpho- 
logical and RAPD data in terms of relationship between sesame accessions. 

3.3. Seed Protein and Esterase Analysis 

The diversity estimates based on esterase analysis were not in consensus with 
RAPD results this might be due to limitations of biochemical markers for re-
solving intra species differences. Resolution of individual bands was best in 
seed-EST, seedling-EST and seed storage protein in descending order. 

3.3.1. Seed Storage Protein 
The SDS-polyacrylamide gel electrophoregram of seed storage protein of the 15 
accessions of sesame investigated is shown in Figure 7 and Figure 8. The great-
est number of banding patterns was recognized in seed storage protein. But, out 
of 31 bands 20 were monomorphic and out of the remaining 11 polymorphic 
bands, 8 were similar. Cluster analysis based on SDS-PAGE analysis of protein 
peptides were more reliable where most of the accessions of each group were 
collected from the same geographic location. There are great similarities in the 
overall polypeptide profiles of seed protein from the accessions, indicating a 
common origin for these sesame germplasms. This finding is supported by Fazal 
et al. [32] who reported a limited level of intra specific variation for seed protein 
among sesame germplasm. However, SDS-PAGE techniques are successfully 
used for studying the genetic diversity in several researches [33] [34]. Based on 
presence or absence of some bands, it was possible to separate accessions into 
groups. But this high similarity between protein patterns of the 15 accessions 
makes seed storage protein unsuitable markers for this study. 

3.3.2. Seed Esterase 
The zymogram for esterase extracted from sesame seed is given in Figure 9 

 

 
Figure 7. Electropherogram SDS-PAGE of seed proteins of 15 accessions of sesame 
(Name of genotypes 1 to 15 is given in Table 1). 
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Figure 8. Diagrammatic representation of the electrophoregram SDS-PAGE of 15 acces-
sions of sesame (Name of genotypes 1 to 15 is given in Table 1). 

 

 
Figure 9. Zymogram of seed-esterase of 15 accessions of sesame (Name of genotypes 1 to 
15 is given in Table 1). 

 
and Figure 10. Seven of the 14 bands were monomorphic. The black and grey 
coat seed accessions namely ZZM2812, ZZM2737, Laohongzhulian, Jiaoganzhu 
and Balinzhima lacked band at 0.39 mobility. This absence of band at Rf of 0.39 
may probably be associated with good storage potential [35]. The genetic simi-
larity, based on presence/absence of bands, varied from 0.71 to a maximum of 
1.00 indicating high level of prevalent similarity. The white seed coat accession 
ZZM0611 was the most diverse among the 15 accessions investigated. In addi-
tion, another analysis based on presence/absence and staining intensity of bands 
showed more diversity among the 15 sesame accessions. The dissimilarity coeffi-
cient varied from 0.0 to a maximum of 1.1 (Figure 11). Since accessions differ-
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ing in seed colour had identical esterase patterns, and vice versa, accessions with 
similar seed colour had different esterase patterns, there is most likely no corre-
lation between esterase banding patterns and seed coat colour. Similarly, simi-
larity of seed-esterase patterns was not correlated with geographic origin. 

3.3.3. Seedling Esterase 
The zymogram for esterase extracted from sesame seedling is given in Figure 12 
and Figure 13. Nine of the 13 bands were monomorphic. The accession 38-1-7  

 

 
Figure 10. Diagrammatic representation of the zymogram of seed esterase of 15 acces-
sions of sesame (Name of genotypes 1 to 15 is given in Table 1). 

 

 
Figure 11. Dendrogram of 15 accessions based on data generated from seed-esterase zymogram. 
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Figure 12. Zymogram of seedling-esterase of 15 accessions of sesame (Name of genotypes 
1 to 15 is given in Table 1). 

 

 
Figure 13. Diagrammatic representation of the zymogram of seedling-esterase of 15 ac-
cessions of sesame (Name of genotypes 1 to 15 is given in Table 1). 

 
is distinct from all the other accessions as shown in the cluster analysis (Figure 
14). Since accessions differing in seed colour had identical esterase patterns, and 
vice versa, accessions with similar seed colour had different esterase patterns, 
there is most likely no correlation between esterase banding patterns and seed 
coat colour. However, all accessions from China were grouped together. Similar-
ity in seedling-esterase patterns was correlated with geographic origin, China 
and West-Africa.  

Use of biochemical methods eliminates the environmental influence, reveal 
differences between seed storage proteins or enzymes encoded by different al-
leles at one (allozymes) or more gene loci (isozymes). The usefulness is limited 
due to their inability to detect low levels of variation. Thus the major advantage 
of DNA-based techniques being that they analysed the variation at DNA level  
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Figure 14. Dendrogram of 15 accessions based on combination of data generated from seed- and seedl-
ing-esterase zymograms. (absence: 0 or presence: 1/intensity of band). 

 
itself, excluding all environmental influences. For example, Microsatellites and 
SSRs are also considered a powerful tool to investigate plant variability [36]. But, 
it has been assumed that in plant breeding, diversity can be reduced using bio-
chemical molecular techniques. Present study was carried out on diversity of fif-
teen sesame accessions collected from different parts of the world. The examina-
tion of S. indicum germplasm accessions based on biochemical markers resulted 
in moderate differences between accessions. However, Zhao et al. [12] and Nan-
thakumar et al. [13] reported large variability among sesame accessions using 
esterase isozyme. Likewise, Leelambike et al. [37] used esterase to confirm diver-
sity among Mucuna species. By using qualitative differences (presence or ab-
sence of some bands) and also quantitative differences (relative intensity of 
bands) of seed-esterase bands, most of the accessions investigated in this study 
could be differentiated. But the results obtained by clusters did not form robust 
groups, which could be associated with geographic origin or seed coat colour. 
According to Laurentin and Karlovsky [38], the traditional assumption that se-
lecting genotypes of different geographical origin will maximize the diversity 
available to a breeding project does not hold in sesame. 

4. Conclusion 

The feasibility of detected genetic variation and relationships using a PCR based 
strategy was tested in this study. The results indicated variation at the DNA level 
in the investigated material using RAPD techniques. Based on cluster analysis of 
RAPD data, the 15 accessions were classified in two major groups and one inde-
pendent accession, Balinzhima. Sesame accessions from different localities and 
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those differing in seed coat colour were clustered together respectively. The rela-
tionships depicted in the dendrogram may be supported by the heterogeneity 
occurred within individual accession. Overall, the results revealed moderate ge-
netic base for sesame collection studied using seed storage protein and esterase 
markers. It showed relationship between the sesame samples and geographical 
origin and also suggests common genetic background between the genotypes. 
The present study can therefore be employed in the selection of genotypes from 
various sources to form a wide gene pool with broad genetic base on which fu-
ture breeding project in Benin could be hinged. 
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