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ABSTRACT 
 

Aim: This study aimed to uncover the diversity and population structure of 128 sesame genotypes 
using ISSR markers and identify highly diverse genotypes for the purposes of broadening the 
genetic base of sesame landraces grown in Ethiopia. 
Place and Duration of Study: The study was conducted in Botany research laboratory of Kasetsart 
University, Thailand, from April to July, 2013.  
Methodology: Genomic DNA of 128 sesame genotypes were subjected to PCR amplification and 
electrophoresis using seven ISSR markers and a binary data matrix prepared for each primer by 
scoring clear bands. The data generated were used to calculate the number of total bands (TB), 
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polymorphic bands (PB), polymorphism percentage (P %) and polymorphic information content 
(PIC) for each locus. The number of different (Na) and effective (Ne) alleles, polymorphic loci (%), 
Shannon’s information index (I) and Nei’s gene diversity (He) for each population were calculated 
using GenAlEx 6.5 software. The data were also subjected to analysis of molecular variance 
(AMOVA) and principal coordinate analysis (PCoA) via distance matrix. Fixation index (Fst) was 
computed to measure genetic differentiation among populations. Genetic associations among 
individual genotypes were determined based on dissimilarity matrix using Darwin version 5.0 and a 
Neighbour-Joining hierarchal tree was constructed based on UPGMA.  
Results: The 7 ISSR primers in 128 sesame genotypes yielded 96 reproducible amplified bands. 
The number of amplified bands varied from 7 to 19. Out of 96 bands, 89 (92.2%) were polymorphic. 
Average number of bands and polymorphic bands per primer were 14 and 12.6 respectively. The 
polymorphic information content (PIC) value ranged between 0.26 and 0.76, showing the high 
informativeness of the selected primers. The overall gene diversity and Shannon’s information index 
were 0.37 and 0.54 respectively. Average dissimilarity value among the genotypes was 0.39. 
Maximum dissimilarity (0.88) was observed between genotypes Amr-NW6 and Amr-NG9 and less 
dissimilarity (0.014) was recorded between Amr-NW1 and Amr-NG1. SNNP-7 was the most diverse 
of all genotypes with highest average dissimilarity value of 0.77. AMOVA showed lower genetic 
divergence between populations (6%) than within population (94%) with average Fst of 0.061 across 
populations. The high intra-population variation could be because of large number of genotypes 
included and due to high out-crossing nature of sesame. Clustering and PCoA analyses clustered 
the genotypes into individual groups where most of the landraces were grouped in separate clusters 
irrespective of their geographic origins, while the cultivars were grouped in one cluster, suggesting 
less variability within the released varieties than the landraces. Accessions no. 56, 73, and 105 were 
out grouped from the rest. 
Conclusion: There exist considerable variations among sesame genotypes collected from different 
geographical regions of Ethiopia. Genotypes Amr-NSh-6, Benishangul-6 and SNNP-7 exhibited a 
good amount of genetic divergence and hence can be used in crossing program for genetic 
improvement of sesame in Ethiopia. 
 

 
Keywords: AMOVA; clustering; fixation index; genetic distance; PCoA; PIC. 
 
1. INTRODUCTION 
 
Sesame (Sesamum indicum L.) is one of the 
oldest oil seed crops [1,2]. Sesame seeds are 
important source of oil (44 - 58%), protein (18 - 
25%), and carbohydrate (14%) [3]. Ethiopia is 
considered as the basic diversity centre of 
cultivated sesame [4-8]. Among oilseeds, 
sesame, locally called selit is the leading export 
crop in Ethiopia [9]. It grows well in the lowlands 
either as sole crop or intercropped with millet or 
sorghum; most sesame growing areas of 
Ethiopia receive 300 to 700 mm of rain during the 
growing season [10].  
 

Despite its nutritional value and economic 
importance, sesame yield in Ethiopia is very low. 
The national average in 2012/13 was 757 kg/ha 
[11] which is much lower compared to research 
seed yield of 1800 kg/ha [12]. Total area under 
sesame cultivation in Ethiopia has been grown 
faster from 23,000 ha in 1994/95 to 315,000 ha 
in 2008/09 [13], with concomitant low average 
seed yield per hectare. One reason for low seed 
yield and reduced acreage under cultivation is 

the persistent use of traditional practices and 
lack of improved varieties for use by the farmers 
[9,14]. This situation can be corrected by 
selecting varieties of good quality and high 
adaptive potential to the diverse climatic 
conditions. With an increasing demand for 
sesame over time, movement of sesame seeds 
through traders across regions has become 
apparent since the last decade. 
 
Genetic diversity in sesame, based on 
morphological, biochemical and molecular 
markers, has been reported by many 
researchers worldwide [2,15-26]. However, there 
are very few published works on genetic diversity 
of the local sesame collections of Ethiopia based 
on molecular markers.  
 
ISSR marker is more reproducible and cost 
effective for researchers in developing countries 
like Ethiopia. The technique does not need any 
prior information about DNA sequence and 
overcomes many of the technical limitations of 
RAPD and AFLP [27,28]. The ISSR techniques 
have been used in Ethiopia to detect genetic 
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diversity and population structure of Tef [29], 
Coffee [30,31], Lentils [32], Rice [33] and 
sesame [34,35].  
 
Therefore, this study was aimed to determine the 
extent of genetic diversity in Ethiopian sesame 
germplasm using ISSR markers and identify 
highly diverse genotypes for the purposes of 
broadening the genetic base of sesame 
landraces grown in Ethiopia. 
 

2. MATERIALS AND METHODS 
 
2.1 Plant Material 
 
A total of 128 sesame genotypes collected from 
20 Administrative Regions and Zones, which 
represent different geographical regions in 
Ethiopia were obtained from Ethiopian 
Biodiversity Institute (EBI). The material 
comprised 119 landraces and nine commercial 
varieties, which were grouped in this study under 
ten populations (Table 1) based on the collection 
regions and/or zones. 
  

2.2 DNA Extraction 
 
Ten seeds from each genotype were planted in 
plastic pots and maintained in a greenhouse 
(30°C /23°C) day/night at Botany research 
laboratory of Kasetsart University, Thailand, in 
2013. 
 
Genomic DNA was isolated from leaves of two 
weeks-old seedlings following the protocol 
described by Doyle and Doyle [36]. The quality of 
DNA after RNase treatment was assessed using 
0.8% agarose gel and finally its concentration 
was quantified using Nano Drop 
spectrophotometer (ND-1000, version 3.1.1 
USA), where OD-260 nm/OD-280 nm ratios were 
above 1.8. DNA samples were diluted at a 
concentration of 25 ng/μL by adding TE buffer 
and stored at -20°C for final use in PCR 
amplification. 
 

2.3 Primer Selection and Optimization 
 
A total of 17 ISSR primers were selected from 
literature [17] and a primer kit was obtained from 
the University of British Colombia (primer kit UBC 
900). A few representatives of each sesame 
population were initially screened with these 
primers and seven primers (Table 2) that 
produced clear DNA bands and consistent 
polymorphisms were selected to amplify the DNA 

of each genotype. A total of ten DNA samples 
were randomly selected from genotypes of each 
population to test the reproducibility of PCR 
banding patterns and optimize the reaction 
conditions. 
 

2.4 PCR Amplification and Electro-
phoresis  

 

PCR amplification was carried out as described 
by Uzun and Cagirgan [24] with minor 
modification in annealing temperature and 
reaction volume. The reaction was performed in 
25 μL volumes containing 2.0 μL of dNTP mix 
(0.2 mM each of dATP, dGTP, dCTP and dTTP), 
0.2 μl of Taq DNA polymerase (5 U/μL), 2.0 μl 
DNA template (20 ng/μL), 2 μL of primer, 2.5 μL 
of 10× PCR buffer, 1.5 μL of MgCl2 (25 mM) and 
14.8 μL of sterilized distilled water. The PCR 
reaction was optimized as initial denaturation 
temperature of 94°C for 5 min followed by 35 
cycles for 1 min at 94°C, 1 min for annealing at 
580C and 2 min at 72°C for extension step 
followed by 7 min at 72°C for final extension 
before cooling to 4°C. ISSR bands were 
separated on 1.8% agarose gel and run in 
1×TAE buffer (40 mM Tris acetate, pH 7.5, 1 mM 
EDTA) for 3 h, at 100 v. The gels were stained 
with ethidium bromide (0.5 µg/ µL) for 10 min 
followed by de-staining in tap water for 30 min. 
DNA bands were detected using UV trans-
illumination and photographed using Bio Doc-
ItTM gel documentation system (UVP, 
Cambridge, UK). 
 

2.5 Scoring and Data Analysis 
 

The amplified bands in each of the 128 
genotypes were scored manually for the 
presence (1) or absence (0) for each primer 
combination. The molecular size of the DNA 
fragments was estimated using 50bp DNA ladder 
(Fermentas). The binary data matrix was 
prepared for each primer separately and merged 
as combined data for overall analysis. For each 
primer, the number of total bands (TB), 
polymorphic bands (PB) and polymorphism 
percentage (P %) were calculated (Table 2). The 
number of different alleles (Na), number of 
effective alleles (Ne), polymorphic loci (%), 
Shannon’s information index (I) and Nei’s gene 
diversity (He) of phenotypic diversity for the 
binary data were calculated using GenAlEx 
software version 6.5 [37,38]. GenAlEx was also 
used for computing molecular variance analysis 
(AMOVA) and principal coordinate analysis 
(PCoA) via distance matrix. Genetic associations 
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among individual genotypes were determined 
with the help of Darwin version 5.0 [39] using the 
dissimilarity matrix and a Neighbour-Joining (NJ) 
hierarchal tree was constructed based on 
UPGMA. The fixation index (Fst) to measure 

genetic differentiation among the populations, 
and polymorphic information content (PIC) for 
each ISSR locus were calculated using the 
genetic analysis package Power-Marker, version 
3.2 [40]. 

 
Table 1. List of Ethiopian sesame (Sesamum indicum) germplasm with regions of collection 

 
No Genotype  Region No Genotype Region No Genotype Region 

1 Afar-1 Afar 44 Amr-NG-21 Amhara North Gonder 87   Oromia-9 Oromia 

2 Afar-2 " 45 Amr-NG-22 " 88 Oromia-10 " 

3 Afar-3 " 46 Amr-NG-23 " 89 Oromia-11 " 

4 Afar-4 " 47 Amr-NG-24 " 90 Oromia-12 " 

5 Afar-5 " 48 Amr-NG-25 " 91 Oromia-13 " 

6 Afar-6 " 49 Amr-NG-26 " 92 Oromia-14 " 

7 Afar-7 " 50 Amr-NG-27 " 93 Oromia-15 " 

8 Afar-8 " 51 Amr-NSh-1 Amhara North Shoa 94 Oromia-16 " 

9 Afar-9 " 52 Amr-NSh-2 " 95 Oromia-17 " 

10 Amr-NW-1 Amhara North Wollo 53 Amr-NSh-3 " 96 Oromia-18 " 

11 Amr-NW-2 " 54 Amr-NSh-4 " 97 Oromia-19 " 

12 Amr-NW-3 " 55 Amr-NSh-5 " 98 Oromia-20 " 

13 Amr-NW-4 " 56 Amr-NSh-6 " 99 SNNP-1 SNNP 

14 Amr-NW-5 " 57 Amr-SW-1 Amhara South Wollo 100 SNNP-2 " 

15 Amr-NW-6 " 58 Amr-SW-2 " 101 SNNP-3 " 

16 Amr-NW-7 " 59 Amr-SW-3 " 102 SNNP-4 " 

17 Amr-NW-8 " 60 Amr-SW-4 " 103 SNNP-5 " 

18 Amr-NW-9 " 61 Amr-SW-5 " 104 SNNP-6 " 

19 Amr-NW-10 " 62 Amr-SW-6 " 105 SNNP-7 " 

20 Amr-NW-11 " 63 Amr-SW-7 " 106 SNNP-8 " 

21 Amr-NW-12 " 64 Amr-SW-8 " 107 Tigray-1 Tigray 

22 Amr-NW-13 " 65 Amr-SW-9 " 108 Tigray-2 " 

23 Amr-NW-14 " 66 Amr-SW-10 " 109 Tigray-3 " 

24 Amr-NG-1 Amhara North Gonder 67 Amr-SW-11 " 110 Tigray-4 " 

25 Amr-NG-2 " 68 Benshang-1 Benishangul 111 Tigray-5 " 

26 Amr-NG-3 " 69 Benshang-2 " 112 Tigray-6 " 

27 Amr-NG-4 " 70 Benshang-3 " 113 Tigray-7 " 

28 Amr-NG-5 " 71 Benshang-4 " 114 Tigray-8 " 

29 Amr-NG-6 " 72 Benshang-5 " 115 Tigray-9 " 

30 Amr-NG-7 " 73 Benshang-6 " 116 Tigray-10 " 

31 Amr-NG-8 " 74 Benshang-7 " 117 Tigray-11 " 

32 Amr-NG-9 " 75 Gambella-1 Gambella 118 Tigray-12 " 

33 Amr-NG-10 " 76 Gambella-2 " 119 Tigray-13 " 

34 Amr-NG-11 " 77 Gambella-3 " 120 Tigray-14 " 

35 Amr-NG-12 " 78 Gambella-4 " 121 Tigray-15 " 

36 Amr-NG-13 " 79 Oromia-1 Oromia 122 Tigray-16 " 

37 Amr-NG-14 " 80 Oromia-2 " 123 Tigray-17 " 

38 Amr-NG-15 " 81 Oromia-3 " 124 Tigray-18 " 

39 Amr-NG-16 " 82 Oromia-4 " 125 Tigray-19 " 

40 Amr-NG-17 " 83 Oromia-5 " 126 Tigray-20 " 

41 Amr-NG-18 " 84 Oromia-6 " 127 Tigray-21 " 

42 Amr-NG-19 " 85 Oromia-7 " 128 Tigray-22 " 

43 Amr-NG-20 " 86 Oromia-8 "       
Key:  SNNP= southern nation and nationality people 
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3. RESULTS AND DISCUSSION  
 
3.1 Banding Pattern and Polymorphism of 

the ISSR Primers 
 
The genetic diversity among 128 genotypes 
representing 10 geographically distinct 
populations was assessed using 7 polymorphic 
ISSR primers. The number of bands ranged from 
9 (ISSR-7) to 19 (ISSR-1) for each of the DNA 
sample. Average number of bands and 
polymorphic bands per primer were 14 and 12.6 
respectively. The seven primers amplified a total 
of 96 scorable alleles, of which 89 (92.2%) were 
polymorphic (Table 2). Level of polymorphism 
ranged from 75.0 to 98.4, where primers ISSR-2, 
3, and 6 exhibited the highest percent of 
polymorphic band, while ISSR-7 detected the 
least percent of polymorphism (Table 2). The 
level of polymorphism obtained in this study 
(92.2%) was high as compared with the 70.6% of 
Benson et al. [16] in molecular diversity of East 
African sesame and related wild species, 75.86% 
of Dagmawi [30] in genetic diversity of Ethiopian 
sesame germplasm collection, and 66.87% of 
Sharma et al. [22] in comparative analysis of 
RAPD and ISSR for characterization of sesame. 
In contrast, a lower level of polymorphism (33%) 
was detected in previous studies of Korean 
sesame genotypes [19] and (57%) in Indian 
sesame varieties [25]. However, our results were 
comparable with the 98.5% of polymorphism 
reported by Anitha et al. [28] and the 100% of 
polymorphism reported by Salazar et al. [41] in 
genetic diversity analysis of Tamil Nadu and 
Venezuela sesame varieties respectively. The 
higher percent of polymorphism detected in this 
study could be because of large number of 
samples from several regions of the country and 
also because Ethiopia is considered as the origin 
and centre of diversity of cultivated sesame [42]. 
According to Sanchez et al. [43], the difference in 

polymorphism may be due to the genotypes 
used, nature of ISSR primers and annealing 
temperatures used. Low annealing temperature 
may increase non-specific amplification, leading 
to artefact bands. The modification of annealing 
temperature has a great impact on the richness 
and legibility of fingerprints [44]. 
 
The PIC value, as a relative measure level of 
polymorphism varied from 0.26 (ISSR-7) to 0.76 
(ISSR-2) with an average value of 0.43 (Table 2). 
The higher PIC value indicated the 
informativeness of the primers. The most 
informative primer in the present study was 
UBC848 with PIC value of 0.76, which is similar 
to previous result reported by Young et al. [45] in 
sesame collections from Korea and 22 countries. 
The fragment size ranged from 250 to 3000 bp. A 
representation of the ISSR band profile obtained 
with primer UBC835 and UBC848 are shown in 
(Fig. 1). 
 

3.2 Genetic Diversity within Populations 
of Sesame Genotypes 

 
The evaluation of the 10 sesame populations 
with seven ISSR primers resulted in overall 
species diversity of 0.39 and gene diversity of 
0.36 (Table 3). This result is in agreement with 
the previous studies of Ashri [46], Bhat et al. [47] 
and Ercan et al. [48] who have reported high 
genetic diversity in sesame germplasm. A wide 
range (0.01 - 0.88) of dissimilarity value was 
observed among the genotypes (data not 
shown). The maximum dissimilarity (0.88) was 
observed between Amr-NW6 and Amr-NG9 while 
the minimum dissimilarity (0.014) was recorded 
between Amr-NW1 and Am-NG1 (the closest 
accessions). SNNP-7 was the most distinct of all 
genotypes followed by Amr-NG25 with average 
dissimilarity value of 0.77 and 0.75, respectively, 
while Oromia-16 showed maximum similarity with  

 
Table 2. Selected ISSR primes, sequences, total bands and polymorphic bands observed in 

128 sesame genotypes 
 

Primer 
code 

Primer 
name 

Sequence 
(5'- 3') 

AT 
(°C) 

TB PB %P PIC 

ISSR-1 UBC835 AG8YC 58 19 18.6 97.7% 0.42 
ISSR-2 UBC848 CA8RG 58 18 17.7 98.4% 0.76 
ISSR-3 UBC847 CA8RC 58 15 14.8 98.4% 0.48 
ISSR-4 UBC850 GT8YC 58 13 11.4 87.5% 0.32 
ISSR-5 UBC855 AC8YT 58 12 10.8 89.8% 0.36 
ISSR-6 UBC873 GACA4 49 10 9.8 98.4% 0.42 
ISSR-7 UBC846 CA8RT 58 9 6.8 75.0% 0.26 
Mean    13.7 12.6 92.2% 0.43 

Note:  AT= annealing temp., TB= total bands, PB= polymorphic bands, %P= percent polymorphism 
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Fig. 1. PCR products from twenty sesame genotypes (lane 1 - 20) amplified with (A) primer 
UBC835 and (B) primer UBC847. M = 50 bp molecular weight marker 

 
Table 3. Genetic diversity in sesame populations as detected by ISSR primers 

 
Population N Na Ne I He P% 
Afar  9.00 1.64 1.49 0.42 0.28 77.08% 
Amr-NW  14.00 1.95 1.74 0.58 0.40 94.79% 
Amr-NG  27.00 1.95 1.67 0.56 0.38 94.79% 
Amr-NSh  6.00 1.77 1.59 0.47 0.32 79.17% 
Amr-SW  11.00 1.94 1.59 0.50 0.34 94.79% 
Benshang 7.00 1.70 1.55 0.47 0.32 83.33% 
Gambella  4.00 1.92 1.56 0.48 0.32 91.67% 
Oromia  20.00 2.00 1.71 0.59 0.41 100.00% 
SNNP  8.00 2.00 1.78 0.60 0.42 100.00% 
Tigray   22.00 1.94 1.71 0.56 0.39 93.75% 
Total Mean 12.80 1.88 1.64 0.52 0.36 90.94% 
  SE 0.237 0.013 0.011 0.007 0.005 2.59% 
Note: N= number of samples, Na= number of different alleles, Ne= effective number of alleles, He= Nei’s gene 

diversity Nei (1978), I= Shannon’s information index, P%= percent of polymorphic loci 

 
others at 0.20 average dissimilarity value. Based 
on pair-wise population analysis, the SNNP were 
found to be the most diverse population with 
average Nei’s gene diversity and Shannon index 
values of 0.42 and 0.60, respectively; whereas, 
Afar was the least diverse followed by 
Benishangul with average gene diversity of (0.28 
and 0.31) and Shannon index of (0.42 and 0.47), 
respectively (Table 3). The different (Na) and 
effective number (Ne) of alleles also followed the 
same trend that is all these values were highest 

for SNNP and lowest for Afar and Benishangul 
populations (Table 3). This is in contrast with the 
patterns reported by Dagmawi [35] and Daniel 
and Heiko [49] in genetic diversity study of 
sesame germplasm collection in Ethiopia. They 
showed Oromia to be the most diverse of all 
populations. The proportion of polymorphic loci 
for the present set of population ranged from 
77.1% (Afar) to 100% (Oromia and SNNP) with 
average of 90.94%. Moderate polymorphism 
(83.3%) was detected for Benishangul population 
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(Table 3). This result was higher compared to the 
previous results of Dagmawi [35] and Daniel & 
Heiko [49], who have reported 43.41 and 74.04% 
of average polymorphism respectively for 
sesame populations of Ethiopia. 
 

Pair-wise distance analysis (Nei unbiased 
genetic distance) between populations (Table 4) 
ranged from 0.00 (Gambella and Amr-NG) to 
0.27 (Amr-NSh and Afar). The highest distances 
were observed between the population of Afar 
(released cultivars) and the populations 
representing the landraces. However, the 
distances between the populations of the 
landraces were much lower indicating the genetic 
relatedness of the various geographic 
populations which may be caused by the high 
rates of gene flow due to exchange of 
germplasm among farmers and sesame trades 
across the regions. This was consistent with the 
result obtained by Dagmawi [35] in evaluation of 
82 Ethiopian and 38 exotic sesame accessions. 
 

The higher proportion of polymorphism in the 
present study could suggest the extent of genetic 
diversity among the various sesame germplasm 
of Ethiopia. The diversity could mainly be 
attributed to diverse agro-climatic conditions in 
the country. Accessions from different regions 
were sometimes closely related and accessions 
from the same region had different genetic 
background. Even so, the intraregional diversity 
could be as a valuable source as interregional 
diversity for sesame improvement [16]. 
 

3.3 Analysis of Molecular Variance 
(AMOVA) and Partitioning of Genetic 
Diversity 

 

The AMOVA test, calculated to examine the 
differences among and within geographical 
populations was found to be statistically 
significant (p < 0.001). The test showed highest 
genetic variation within population (94%), 
whereas the variation among geographic 
populations was only 6% (Table 5). The average 
Fst value was 0.061, indicating a lower 
differentiation among populations. This result 
showed a great intra-population genetic diversity 
but no significant difference was detected among 
the different populations. The result of this study 
is in complete agreement with some of the 
previous studies in AMOVA of Ethiopian sesame 
germplasm using ISSR markers [35], who 
obtained 94.1% within population and 5.9% 
among populations variation with average Fst 
value of 0.06 across populations. Similar result 

was also found in AMOVA of sesame genotypes 
from 5 different countries [50], where 95% of the 
variance was due to differences within 
population. In contrast, Daniel and Heiko [49] 
found 58.8% of the total genetic variation within 
population and 41.2% between populations, in 
AMOVA of 50 landraces of sesame from 
Ethiopia. 
 

The high within population variation in this study 
could mainly be because of the large number of 
accessions included and due to high out-crossing 
nature of sesame. Although sesame is mainly 
self-pollinated, some authors have reported 
levels of out crossing between 5-60% in this 
species [51-53]. Out-crossing plant species tend 
to present between 10 and 20% of the genetic 
variation between populations [54] and the 
remaining 80-90% of the total genetic variation 
within populations. Hence, some degree of out-
crossing could explain the high genetic diversity 
observed in the studied sesame accessions. The 
lower variance among populations in this study 
could be explained by exchange of sesame 
seeds among nearby districts through farmers 
that may enhance gene flow across regions of 
Ethiopia. 
 

3.4 Principal Coordinate Analysis (PCoA)  
 

The genetic distance matrix obtained using 
seven ISSR primers were used for PCoA 
analysis among populations of Ethiopian sesame 
germplasm (Fig. 2). The result indicated that the 
first two principal coordinates, PCoA1 and 
PCoA2 explained 33.18 and 16.16% of the 
variation respectively and together explained 
49.34% of the total variation. In the PCoA graph, 
the released cultivars, unlike the land races were 
found to aggregate in one group and positioned 
around the centre of the plot, showing that these 
genotypes are genetically closer than the others. 
This result confirms the result obtained in all the 
above diversity indices. However, with the 
exception of few genotypes representing Oromia 
and Tigray, most of the landraces that represent 
different geographical regions were found to form 
distinct groups and spread all over the plot      
(Fig. 2). 
 

Generally, the PCoA result indicated that most of 
the landraces did not group together with other 
genotypes from the same geographical region. 
One possible reason for this could be the 
exchange of sesame germplasm among farmers 
across regions. This result was in congruence 
with the result reported by Dagmawi [35].  
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Table 4. Nei unbiased genetic distance below diagonal among sesame populations tested by seven ISSR primers 

 
Population Afar Amr-NW Amr-NG Amr-NSh Amr-SW Benshang Gambella Oromia SNNP Tigray 

Afar -          

Amr-NW 0.223 -         

Amr-NG 0.165 0.045 -        

Amr-NSh 0.270 0.034 0.110 -       

Amr-SW 0.195 0.004 0.029 0.049 -      

Benshang 0.158 0.048 0.023 0.108 0.008 -     

Gambella 0.157 0.070 0.000 0.148 0.032 0.019 -    

Oromia 0.173 0.014 0.020 0.045 0.001 0.014 0.028 -   

SNNP 0.163 0.008 0.031 0.055 0.018 0.014 0.035 0.008 -  

Tigray 0.200 0.030 0.026 0.050 0.049 0.068 0.022 0.035 0.021 - 

Average distance = 0.038       

  
Table 5. Analysis of molecular variance (AMOVA) within and among the populations of sesame genotypes 

 
Source Df SS MS Est. Var. Var.% 

Among Pops 9 307.04 34.12 1.26 6% 

Within Pops 118 2196.97 18.62 18.62 94% 

Total 127 2504.02  19.87 100% 

 Fst = 0.061      
Note: Df = degree of freedom, MS = mean square, SS = sum of square, Est. Var = estimated variance
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3.5 Clustering Analysis and Relationships 
among Sesame Genotypes 

 

The 128 genotypes of sesame were divided into 
3 major groups that were sub-grouped into 9 
clusters (Fig. 3). Genotypes of sesame landraces 
were widely distributed and formed separate 
clusters, whereas the cultivars were seen 
grouped together under the same cluster. The 
most distinct genotypes were accession No. 56, 
No. 73 and No. 105 (Fig. 3). Genetic distances 

among the landraces were larger than distances 
between the released cultivars. In general, there 
was no clear clustering in the UPGMA tree. The 
majority of the landraces from different 
geographical regions were inter-mixed and 
grouped together in the same clusters with the 
exception of some genotypes, Amr-NSh-6, 
Benishangul-6 and SNNP-7, which were found to 
out-group from any of the population and stand 
alone (Fig. 3).  

 

 
 

Fig. 2. PCoA scatter plot diagram showing relationships among populations of sesame 
  

 
 

Fig. 3. UPGMA tree illustrating relationships among 128 sesame genotypes based on genetic 
distances using 7- ISSR primers 

Note: Numbers on the tree correspond to the accessions’ number as presented in Table 1. Amr-NW = amhara 
north wollo, Amr-NG = amhara north gonder, Amr-NSh = amhara   north shoa, Amr-SW = amhara south wollo, 

Benshang = benishangul gumuz, SNNP = southern nation and nationality people 

Afar 

Am-NG 

Afar 

 

Am-NG 
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Although the present study indicated the 
presence of a relatively high genetic diversity 
among landraces of sesame from various 
geographical locations of Ethiopia, most 
genotypes situated geographically far apart were 
grouped together in the same cluster. These 
results are in agreement with earlier studies 
which showed that geographical separation did 
not generally result in greater genetic distance 
[20,21,26,55]. This could be a consequence of 
exchange of genetic materials among the 
neighbouring farmers as well as traders in the 
region. The human factor has been previously 
shown to be responsible for the lack of 
correlation between genetic and geographical 
distance [56]. The increasing demand for 
sesame by exporters in Ethiopia, the movement 
of traders and exchange of germplasm across 
different regions could be a possible explanation 
for the spreading of sesame seeds. 
 

4. CONCLUSION 
 
The present study detected a high level of 
polymorphism among the different sesame 
genotypes of Ethiopia. Accessions viz., no.56 
(Amr-NSh-6), no.73 (Benishangul-6) and no. 105 
(SNNP-7) showed a good amount of genetic 
divergence and would therefore be useful in 
broadening genetic base of landraces of sesame 
in Ethiopia. The size and number of polymorphic 
fragments, percentage of polymorphic loci, 
together with the overall species and gene 
diversity indices reported in the study indicated 
high genetic diversity among the germplasm 
lines. The most diverse accessions identified in 
this study should be given a due emphasis to 
include them in sesame breeding program of the 
country. 
 
In this study, we demonstrated that the ISSR 
primers revealed high genetic variation among 
individual genotypes and also revealed low 
genetic differentiation among the ten populations 
studied. These results could suggest that the 
homogeneity among the ten (geographic region 
based) populations could be due to genetic flux 
or that they may had a common origin, 
alternatives that needs to be further explored. 
However, the study generally showed that the 
Afar population is genetically different from the 
other populations and hence there was a 
relatively greater distance between Afar           
(the cultivars) and the population of the 
landraces, though, genotypes of the Afar 
population are the most genetically related than 
genotypes of any other group. However, the 

present result needs to be explored further by the 
use of species specific markers such as SSR, 
SNP and GBS.  
 
Cluster analyses of the present study showed 
that most genotypes of the landraces did not 
group together with other genotypes from the 
same geographical region. The close relationship 
between some sesame genotypes from the 
different populations might be due to gene flow 
caused by the exchange of germplasm through 
farmers and traders across regions of Ethiopia. 
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
  

REFERENCES  
 

1. Ashri A. Sesame breeding. In: J Janick, 
ed, Plant Breeding Reviews. John Wiley & 
Sons Inc., Oxford.  2010;16.   

2. Bedigian D. Characterization of sesame 
(Sesamum indicum L.) germplasm: A 
Critique. Genet. Resour. Crop Evol. 2010; 
57:641-647. 

3. Bedigian D, Seigler DS, Harlan JR. 
Sesamin, sesamolin and the origin of 
sesame. Biochem. Syst. Ecol. 1986;13: 
133-139. 

4. Mehra KL. Sesame in India. In: Oilseed 
Crops, Tropical Agriculture Series (Weiss 
EA. ed.). Longman, London. 1967;282-
340. 

5. Bedigian D. Origin, diversity, exploration 
and collection of sesame. In: Sesame: 
Status and Improvement, Proc. Expert 
Consultation, Rome, (December 8-12, 
1980). FAO, Rome, Italy. 1981;164-169. 

6. Frenge SV. Evolution of sesame revisited: 
domestication, diversity and prospects. 
Genetic Resour. Crop Evol. 1983;50:779-
787. 

7. Kobayashi T. The type classification of 
cultivated sesame based on genetic 
character. In: Sesame and Safflower: 
Status and Potentials, FAO Plant 
Production and Protection Paper No. 66. 
Roma. 1985;86-89. 

8. Mahajan RK, Bisht IS, Dhillon BS. 
Establishment of a core collection of world 
sesame (Sesamum indicum L.) germplasm 
accessions. SABRAO J. Breed. Gen. 
2007;39:53-64. 



 
 
 
 

Abate et al.; BBJ, 8(4): 1-13, 2015; Article no.BBJ.18481 
 
 

 
11 

 

9. Tadele A. Sesame (Sesamum indicum L.) 
Research in Ethiopia: A review of past 
work and potential and future prospects. 
Werer Agricultural Research Center, 
Ethiopian Agricultural Research 
Organization, Addis Ababa, Ethiopia; 2005. 

10. Mesfin H, Mikil T, Agajie T, Eyob M. Export 
type sesame and groundnuts production 
and marketing. In: Agricultural technology 
evaluation adoption and marketing edn. 
EIAR, Addis Ababa, Ethiopia. 2004;101-
119. 

11. CSA (Central Statistic Agency). Report on 
the primary results of area, production and 
yield of temporary crops of private peasant 
holdings in (2012/13) Meher Season, 
Addis Ababa, Ethiopia; 2013. 

12. Wijnands JHM, Biersteker J, Van Loo EN. 
Oilseeds business opportunities in 
Ethiopia. Public private partnership in oil 
seed; 2009. 

13. Alemayehu ST, Paul D, Sinafikeh A. Crop 
Production in Ethiopia: Regional Patterns 
and Trends. Development Strategy and 
Governance Division, International Food 
Policy Research Institute, ESSPII Working 
Paper; 2011;No. 0016. 

14. Were BA, Onkware OA, Gudu S, Welander 
M, Carlsson AS. Seed oil content and fatty 
acid composition in East African sesame 
(Sesamum indicum L.) accessions 
evaluated over 3 years. Field Crops Res. 
2006;97:254-260. 

15. Akbar F, Rabbani MA, Masood MS, 
Shinwari ZK. Genetic diversity of sesame 
(Sesamum indicum L.) germplasm from 
Pakistan using RAPD markers. Paks. J. 
Bot. 2011;43:2153-2160. 

16. Benson ON, Beatrice AW, Samuel G, Otto 
GD, Augustino OO. Genetic Diversity in 
Cultivated Sesame and Related Wild 
Species in East Africa. J. Crop Sci. 
Biotech. 2013;16:9-15. 

17. Cho YI, Park JH, Lee CW, Ra WH, Chung 
JW. Evaluation of the genetic diversity and 
population structure of sesame (Sesamum 
indicum L.) using microsatellite markers. 
Genes Genomes. 2011;33:187-195. 

18. Furat S, Uzun B. The use of agro-
morphological characters for the 
assessment of genetic diversity in sesame 
(Sesamum indicum L.). Plant Omics. 2010; 
3:85-91. 

19. Kim DH, Zur G, Danin-PY, Lee SW, Shim 
KB, Kang CW, Kashi Y. Genetic 

relationships of sesame germplasm 
collection as revealed by inter simple 
sequence repeats. Plant Breeding. 2002; 
121:259-262. 

20. Kumar H, Kaura G, Bangaa S. Molecular 
characterization and assessment of 
genetic diversity in sesame (Sesamum 
indicum L.) germplasm collection using 
ISSR markers. J. Crop Improvement. 
2012;26:540-557  

21. Parsaeian M, Mirlohi A, Saeidi G. Study of 
genetic variation in sesame (Sesamum 
indicum L.) using agro-morphological traits 
and ISSR markers. Genetika. 2011;47: 
359-67. 

22. Sharma SN, Vinod K, Shivangi M. 
Comparative analysis of RAPD and ISSR 
markers for characterization of sesame 
(Sesamum indicum L.). J. Plant Biochem. 
Biotechnol. 2009;18:37-43. 

23. Tabatabaei I, Pazouki L, Bihamta MR, 
Mansoori S, Javaran MJ, Niinemets U. 
Genetic variation among Iranian sesame 
(Sesamum indicum L.) accessions vis-a-
vis exotic genotypes based on morpho-
physiological traits and RAPD markers. 
Austr. J. Crop Sci. 2011;5:1396-1407. 

24. Uzun B, Cagirgan MI.  Identification of 
molecular markers linked to determinate 
growth habit in sesame. Euphytica. 2009; 
166:379-384. 

25. Vinod K, Sharma SN. Comparative 
potential of phenotypic, ISSR and SSR 
markers for characterization of sesame 
(Sesamum indicum L.) varieties from India. 
J. Crop Sci. Biotechnol. 2011;14:163-171. 

26. Zhang H, Wei L, Miao H, Zhang T, Wang 
C. Development and validation of genic-
SSR markers in sesame by RNA-seq. 
BMC Genomics. 2012;13:316. 

27. Gowdin ID, Aitken EAB, Smith LW. 
Application of inter simple sequence repeat 
(ISSR) markers to plant genetics. 
Electrophoresis. 1997;18:1524-1528. 

28. Anitha BK, Manivannan N, Vindhiya 
varman P, Gopalakrishnan C, 
Ganesamurthy K. Molecular Diversity 
among Sesame Varieties of Tamil Nadu. J. 
Plant Breeding. 2010;1:447-452. 

29. Assefa K. Phenotypic and molecular 
diversity in the Ethiopian cereal, Tef 
(Eragrostis tef). Doctoral Dissertation, 
Department of Crop Science, SLU.        
Acta Universitatis Agriculturae. Sueciae. 
Agraria.  2003;426. 



 
 
 
 

Abate et al.; BBJ, 8(4): 1-13, 2015; Article no.BBJ.18481 
 
 

 
12 

 

30. Tesfaye K. Genetic diversity of wild Coffea 
arabica populations in Ethiopia as a 
contribution to conservation and use 
planning. Ecology and development series 
no. 44. Doctoral Thesis. University of 
Bonn, Germany; 2006. 

31. Shimekit T, Firew M, Kassahun T. Genetic 
Diversity of Coffee (Coffea arabica L.) 
Landraces from Southern Ethiopia as 
Revealed by ISSR Marker. Global 
Advanced Research. J. Agric. Sci. 2014;3: 
024-034. 

32. Edossa F. Morphological and molecular 
diversity in Ethiopian lentil land race 
accessions and their comparison with 
some 50 exotic genotypes. MSc Thesis, 
Addis Ababa University. 2006;63.  

33. Mitiku A. ISSR Fingerprinting, Phenotypic 
Variability and Trait Associations in 
Released and Elite Rice (Oryza sativa L.) 
Genotypes of Ethiopia. MSc Thesis, Addis 
Ababa University.  2011;55. 

34. Admas A.  Genetic diversity of sesame 
(sesamum indicum) from north western 
Ethiopia using inters simple sequence 
repeat markers. MSc Thesis, Haromaya 
University. 2011;19-31. 

35. Dagmawi T. Genetic Diversity of Sesame 
(Sesamum indicum L.) Germplasm 
Collection as Revealed by ISSR Marker. 
MSc Thesis, Addis Ababa University. 
2011;25-35. 

36. Doyle JJ, Doyle JL. Isolation of plant DNA 
from fresh tissue. Focus. 1990;12:13-15. 

37. Peakall R, Smouse PE. GenAlEx 6.5: 
Genetic Analysis in Excel. Population 
genetic software for teaching and 
research. Mol. Ecol. 2006;6:288-295.  

38. Peakall R, Smouse PE. Genetic Analysis 
in Excel. Population genetic software for 
teaching and research - an update. 
Bioinformatics. 2012;28:2537-2539. 

39. Perrier X, Flori A, Bonnot F. Data analysis 
methods. In: Hamon P, Seguin M, Perrier 
X. Glaszmann JC. (ed). Genetic diversity 
of cultivated tropical plants. Enfield, 
Science Publishers. Montpellier. 2003;43-
76. 

40. Liu KJ, Muse SV.  PowerMarker: an 
integrated analysis environment for genetic 
marker analysis. Bioinformatics. 2005;21: 
2128-2129. 

41. Salazar B, Laurentin H, Davila M, Castillo 
MA. Reliability of the RAPD technique for 
analysis of sesame (Sesamum indicum L.) 

from Venezuela. Interciencia. 2006;31: 
456-460. 

42. Seegeler CJP. Sesamum orientale L. 
(Pedaliaceae): Sesame's correct name. 
Taxon. 1989;4:656-659. 

43. Sanchez de la Hoz MP, Davila JA, Loarce 
Y, Ferrer E. Simple sequence repeats 
primer used in PCR amplifications to study 
genetic diversity in barley. Genome. 1996; 
39:112-117. 

44. Bornet B, Branchard M. Non-anchored 
Inter Simple Sequence Repeat markers: 
reproducible and specific tools for genome 
fingerprinting. Plant Mol. Biol. Rep. 2001; 
19:209-215. 

45. Young IC, Jong HP, Chul WL, Won HR, 
Jong WC, Jung RL, Kyung HM, Seok YL, 
Kang SL, Myung CL, Yong JP. Evaluation 
of the genetic diversity and population 
structure of sesame using microsatellite 
markers. Genes & Genomics. 2011;33: 
187-195. 

46. Ashri A. Sesame breeding. Plant Breeding 
Reviews. 1998;16:179-228.  

47. Bahat KV, Baberekar PP, Lakhanpaul S. 
Study of genetic diversity in Indian and 
exotic sesame (Sesamum indicum L.). 
Euphytica. 1999;110:21-33. 

48. Ercan AG, Taskin M, Turgut K. Analysis of 
genetic diversity in Turkish sesame 
(Sesamum indicum L.) populations using 
RAPD markers. Genet. Resour. Crop Evol. 
2004;51:599-607. 

49. Daniel EG, Heiko KP. Genetic variability 
among landraces of sesame in Ethiopia. 
Afr. Crop Sci. Journal. 2010;19:1-13. 

50. Laurentin HE, Karlovsky P. Genetic 
relationship and diversity in a sesame 
(Sesamum indicum L.) germplasm 
collection using amplified fragment length 
polymorphism (AFLP). BMC Genetics. 
2006;7:10. 

51. Rheene HA. Aspects of natural cross-
fertilization in sesame (Sesamum indicum 
L.). Tropi. Agric. Trinidad. 1980;57:53-59. 

52. Yermanos DM. Sesame. In Fehr WR and 
Hadley HH, eds. Hybridization of Crop 
Plants. American Society of Agronomy, 
Madison; 1980. 

53. Pathirana R. Natural cross-pollination in 
sesame (Sesamum indicum L.). Plant 
Breeding. 1994;112:167-170. 

54. Hamrick JL, Godt MJW. Allozyme diversity 
in plants. In Brown AHD, Clegg MT, Kahler 
AL, Weir BS, eds., Plant Population 



 
 
 
 

Abate et al.; BBJ, 8(4): 1-13, 2015; Article no.BBJ.18481 
 
 

 
13 

 

Genetics, Breeding and Genetic 
Resources; 1989.  

55. Wei LB, Zhang HY, Zheng YZ, Guzo WZ 
and Zhang TZ. Development and 
utilization of est-derived microsatellites in 
sesame (Sesamum indicum L.). Acta 
Agron. Sin. 2008;34:2077-2084. 

56. Stankiewicz M, Gadanski G, Gawronski 
SW. Genetic variation and phylogenetic 
relationships of triazine resistant and 
triazine susceptible biotypes of Solanum 
nigrum analysis using RAPD markers. 
Weed Res. 2001;41:287-300. 

_________________________________________________________________________________ 
© 2015 Abate et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution and reproduction in any medium, 
provided the original work is properly cited. 
 
 
 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://sciencedomain.org/review-history/10333 


