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Indicum L.) 
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Abstract: Parental diversity is considered desirable to exploit heterosis in any breeding program. The present investigation was undertaken to search 
out whether any relationship existed between heterosis of cross combinations with phenetic divergence, combining ability and genetic divergence of 
parents in sesame. Seven sesame genotypes and their 21 cross combinations developed through half diallel mating were assessed for morphological 
markers, microsatellite markers and seed storage protein polymorphism to estimate different parameters. The clustering patterns of parents differed for 
morphological, protein and simple sequence repeats (SSRs), though some concordance was observed between phenetic and genetic divergence of 
parents. Heterosis, both mid-parent heterosis% (MPH%) and better parent heterosis% (BPH%), was positively and significantly correlated with specific 
combining ability and hybrids per se, but no specific trend transpired between morphological, protein and SSR marker data. However, SSR based 
genetic diversity (GD) value of above 0.5 between parents, predicted heterotic crosses more reliably. 
 
Index Terms: Sesamum, correlation, divergence, heterosis, microsatellite markers, seed storage protein polymorphism 

———————————————————— 

 

1 INTRODUCTION 
Sesame, an underutilized oilseed crop, is gaining popularity 
due to its multiple health benefits. The benefits, most 
notably include, reducing effect on blood plasma cholesterol 
and blood pressure [1], curing skin infections and restricting 
growth of cancerous cells [2], [3]. The huge deficit of 
oilseed production in India can be overcome by vertical 
expansion of sesame. Despite occupying highest area 
under cultivation in sesame, India (432.02 Kg/ha) lags 
behind Myanmar (543.92 Kg/ha) and China (1259.1 Kg/ha) 
on productivity aspect [4]. To reap the benefit of increasing 
world market demand of sesame and to reduce the deficit in 
oilseed production in India, sesame productivity needs to be 
augmented significantly. Commercial exploitation of 
heterosis is a fast and simple traditional breeding approach 
to achieve higher yield in any crop. The shining examples 
are maize and rice. But hybrid development is an expensive 
and laborious on-field process. Sesame has one advantage 
which favors the exercise of heterosis i.e. its high out-
crossing rate [5], [6]. Other factor, like male sterility line 
development, is yet to be sorted out. But how heterosis can 
be predicted from parental performance dwindling myriad 
crossing program between genotypes needs to be 
investigated on.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In other words, a large number of parents can be assessed 
for heterosis without actual crossing if any predictive means 
exists for performance of future crosses. Phenetic or 
phenotypic divergence relies on the combined effect of 
genotype and environment and so is obviously 
environmental sensitive. On the contrary, divergence, when 
is assessed through molecular markers offers a precise and 
reproducible idea on actual genetic divergence of a 
population. In some cases, like in rice [7] and in maize, [8], 
[9] correlations were observed between molecular genetic 
divergence and heterosis; but weak or insignificant 
relationship between these two parameters was the general 
trend of outcome in crops, like brassica [10] sunflower [11] 
and sweet corn [12]. Reports on association of genetic 
diversity of parents with heterotic cross are still not 
available in sesame. The aim of the present study, was to 
examine, the relationship between parental divergence with 
heterosis, for yield and yield related traits in 21 cross 
combinations, through assessment of combining abilities, 
phenetic divergence and genetic divergence of seven 
parents. In genetic divergence study, two molecular 
methods, namely, soluble seed storage protein and SSR 
markers have been employed.  
 

2 MATERIALS AND METHODS 
 

2.1 Field Experimentation 
Seven popular sesame varieties in the state of West 
Bengal, India (Table 1) were used as parents in a half diallel 
crossing program. Parents and their 21 F1s were planted in 
complete randomized block design with three replications in 
summer, 2011 at the Calcutta University Experimental 
Farm, Baruipur, in the district of South 24-Paraganas, 
(Latitude 22°22´, Longitude 88°26´) West Bengal, India. 
The soil texture was sandy loam type with pH 7.20. The 
area was characterized by an average rainfall of 16.2 mm 
and an average temperature of 36°C during February, 2011 
to May, 2011. Each F1 entry was grown in between the rows 
of corresponding parental lines. The spacing was 
maintained at 45 cm between rows and 10 cm between 
plants. Recommended cultural practices were followed.  
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TABLE 1 
DETAILS OF SEVEN PARENTS 

 
 
 
 
 
 
 
 
 
 
 
 

2.2 Recording of Morphological Data 
The observations of  nine morphological quantitative 
characters (traits), namely, plant height (cm), days to 50% 
flowering, days to maturity, number of primary 
branches/plant, capsule length (cm), number of 
capsules/plant, number of seeds/capsule, 1000 seed weight 
(gm) and seed yield/plant (gm) were recorded for both 
parents and F1s, in ten randomly selected plants per 
replication. The data were then averaged.  
 

2.3 Molecular Marker Assay 
 
2.3.1 Seed Storage Protein Marker Assay 
Soluble seed storage protein was first extracted from seed 
samples following modified Lowry’s method [13]. Sodium 
Dodoecyl Sulphate-Polyacrylamide Gel Electrophoresis 
(SDS-PAGE) (12% separating gel and 4% percent stacking 
gel) was then carried out following modified method of 
Laemmli [14] in a regular mini (10 cm × 10 cm) vertical gel 
system (Biotech Laboratories, India). Standard marker 
protein namely, Dalton Mark VI (Sigma, USA) was used for 
estimation of molecular weights of sample protein bands 
through Gel Documentation Unit (UVP, USA). 
 
2.3.2 DNA Marker Assay Primers 
Microsatellite or SSR markers were used in the study and it 
included both genomic and expressed sequence tagged – 
SSR markers (EST-SSR).  DNA was extracted from leaves 
of 10-12 day old seedlings following modified CTAB 
(Hexadecyl trimethyl ammonium bromide) method [15]. 10 
microsatellite primers (Table 5), as described by Dixit et al. 
[16] were attempted for PCR amplification. Furthermore, 30 
EST-SSR primers were developed utilizing database of 
NCBI [17]. PCR amplification was carried out in 25 µl 
reaction mixture, in 0.1 ml PCR tubes, consisting of 50 ng 
sesame DNA, 10x PCR buffer, 50 mM MgCl2, 2 mM dNTPs, 
0.1 units Taq DNA polymerase (5 unit/ µl), 50 mM of each 
primer pair in Eppendorf gradient PCR (Eppendorf Pro, AG 
6321). The program in the thermocycler was carried out as 
follows: preheating for 5 min at 95 °C, 30 cycles of 30 
seconds denaturation at 95 °C, 30 seconds at the 
annealing temperature of particular primer pairs, 30 
seconds at 72 °C (extension), Final extension at 72 °C for 5 
minutes and hold at 4 °C. The PCR products were 
separated in a 2% Agarose Gel (Sigma USA). Ethidium 
bromide (10 mg/ml) (Biorad, USA), 6× Loading dye and 50 
base pairs (bp) DNA ladder (Fermentas Life Sciences, 
Gene Ruler 

TM
) were used. 

 

2.4 Statistical Analyses 
 
2.4.1 Morphological Data Analyses 
Analysis of variance (ANOVA) and combining ability 
analyses following Griffing’s model I, method 2 [18] were 
carried out with modified DIALLEL-SAS method [19].  
Average general combining ability (GCA AVG) of each 
hybrid combination was estimated from GCA estimates of 
respective parental pairs for each character. BPH% and 
MPH% was calculated using Microsoft Excel Ver.7.0 [20]. 
 
2.4.2 Analyses of Molecular Data 
The protein fragments and DNA fragments were given a 
score of ‘1’ or ‘0’ as presence or absence for all genotypes. 
The grouping of molecular data based on their genetic 
similarity (GS) was carried out through the software NTSYS 
pc ver 2.20 [21]. At first, the values were standardized using 
the program STAND. The morphological dissimilarity matrix 
was computed through program SIMINT, whereas, 
molecular similarity data were generated by the program, 
SIMQUAL. Lastly, SAHN program was used for generating 
data for tree. Finally tree plot was used for creating 
dendrogram. GD was estimated as 1 - GS. Simple 
correlation coefficients among different parameters were 
calculated using Microsoft Excel Ver.7.0 (Microsoft. Inc., 
Redmond. WA). Mantel Test [22] for correlation matrices 
obtained from morphological, protein and SSR data was 
also carried out through NTSYS pc Ver 2.20. Morphological, 
protein and DNA diversity estimates were denoted as 
genetic diversity for morphology (GDM), genetic diversity 
for protein (GDP) and genetic diversity for SSR (GDS), 
respectively. 
 

3 RESULTS 

 

3.1 Evaluation of Hybrids and Parents in Field Trial 
It is evident from ANOVA (Table 2) that all the parents and 
21 F1 hybrids differed significantly (p = 0.01) from each 
other in field trial for the nine recorded traits. Hence a wide 
range of hybrids in different trait combination offered a 
unique opportunity for selection. 
 

TABLE 2  
MEAN SUM OF SQUARES FOR ANALYSIS OF 
VARIANCE 
 
 
 
 
 
 
 
 
 
 
 **Significant at 1% level of significance at error d.f.  
  

a
 d.f.= Degree of freedom 

  
b
 PH=Plant height; PrBr =Number of primary 

branches/plant; DF=Days to 50% flowering 
   DM=Days to maturity; CL= Capsule Length; CP= number 
of capsules/plant; SC=Number of seeds/capsule 
   SW=1000 seed weight; SY= Seed yield/plant 
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The estimates of MPH% and BPH% revealed (Table 3) that 
both the heterosis% dispersed significantly over negative to 
positive values for all the nine traits in 21 F1 hybrids. It was 
observed that primary branches/plant exhibited highest, as 
well as lowest estimates of MPH% and BPH% over all 
traits. Seed yield and main yield component, namely, 
capsules/plant, exhibited positive mean BPH% averaged 
over all crosses. On the contrary, all characters exhibited 
positive average value for MPH%, except plant height, days 
to 50% flowering and 1000 seed weight.  

 
TABLE 3 

DETAILS OF MID-PARENT AND BETTER PARENT 
HETEROSIS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
** t value significant at 1% level of significance 
 

3.2 Diversity Assessment 
Parental diversity based on nine morphological characters 
(Fig.1) revealed that GT-2, CUMS 3 and B-14 were 
significantly divergent than rest of six parents. Highest GDM 
(1.926) was observed between GT-2 and CUMS 3, while, a 
lowest GDM

 
value of 0.871 was noticed between the 

genotype CUMS 9 and CUMS 11 (Table 4). GDM gave 
widest divergence range, as well as highest average among 
the 3 types of GD estimates. But only 38% of the 21 cross 
combinations surpassed average GDM value (1.377) (Table 
4). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig.1. Dendrogram of seven parents based on 
morphological characters 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TABLE 4  
GENETIC DISTANCE VALUES BASED ON 

MORPHOLOGICAL, PROTEIN AND DNA MARKERS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Upper Two Diagonal: GDM = Genetic Divergence for 
Morphological Marker 
GDP= Genetic Divergence for Protein Marker 
Lower Diagonal: GDS = Genetic Divergence for SSR Marker; 
GDM Avg = 1.377 GDP Avg = 0.455 GDS Avg = 0.403 
 
Dendrogram of seven parents based on morphological 
traits clearly revealed (Fig.1) presence of two clusters. The 
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smaller one had only two genotypes, namely, CUMS 3 and 
B-14. The other cluster comprised of remaining five. Among 
which, the parents CUMS 9 and CUMS 11 were very close. 
These two genotypes, together with Tilottama and CUMS 
17, clearly, were close enough to form a sub-cluster 
separating out GT-2 alone. SDS-PAGE exhibited a total of 
22 protein bands (Fig.2) in the seven parental genotypes, of 
which 13 bands were polymorphic. Average number of 
bands per parental genotype was found to be 16.43. The 
molecular weights of polymorphic bands ranged from 14 KD 
to 126 KD. GDP revealed an average of 0.455 (Table 4).  
More than 38% of the 21 hybrid combinations had genetic 
distance more than average (0.455). Lowest GDP (0.222) 
was observed between the parents GT-2 and B-14, GT-2 
and CUMS 9 and also between Tilottama and CUMS 11. 
On the contrary, highest GDP (0.778) was noticed between 
the parents CUMS 3 and CUMS 11 and between CUMS 9 
and CUMS 11 (Table 4).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. SDS-PAGE banding pattern of seven parents 
 

Grouping of seven parents based on genetic similarity of 
seed storage soluble protein polymorphism (Fig.3), 
produced two clusters in a dendrogram. The parents, 
Tilottama and CUMS 11 formed a cluster. The other five 
parents constituted a separate cluster with GT-2 and B-14 
being very nearby in that cluster.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.3. Dendrogram of seven parents based on seed 
storage protein polymorphism 

 
Among the 30 SSR primers only four markers gave 
polymorphic bands (Fig.4) among seven parents and 

revealed a total of 15 alleles ranging from 173 bp to 300 bp 
(Table 5). GDS showed an average of 0.403 (Table 4). 
Around 38% of the hybrids had genetic distance more than 
average (0.403) (Table 4). Lowest GDS (0.154) was 
observed between Tilottama and CUMS 3 and also 
between parents CUMS 9 and CUMS 11. On the other 
hand, the highest GDS (0.769) was recorded between 
parents GT-2 and B-14 (Table 4). The average no. of alleles 
per locus was found to be 3.75 (Table 5). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4. Banding pattern of seven parents for SSR marker 

SE-SSR 12 
 

TABLE 5  
DESCRIPTION OF PRIMER PAIRS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

     a
 = Annealing temperature; 

b
=Observed size (base pairs) 

 
Clustering pattern from SSR data exhibited two clusters 
(Fig.5). It is conspicuous from the clustering pattern, that 
the parent GT-2, developed in Gujarat (A state in Western 
India), formed a separate cluster and the genotype was 
distinctly diverse from rest of parents belonging to West 
Bengal. In the other cluster, with remaining six genotypes, 
distance between CUMS 9 and CUMS 11 were very narrow 
and both of these congregated together along with 
genotype B-14 forming a sub-cluster. Similarly, genotype 
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CUMS 3, Tilottama and CUMS 17 constituted another sub-
cluster.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5. Dendrogram of seven parents based on 
polymorphism of SSR markers 

 

3.3 Association of Different Parameters with 
Heterosis and Specific Combining Ability Estimates 
Interestingly, BPH%, MPH%, specific combining ability 
(SCA) estimates and F1 per se performance were 
significantly and positively correlated with each other for all 
traits (Table 6). Association of both BPH% and MPH% with 
other parameters, namely, GCA AVG, GDM, GDP and GDS 
were rarely significant (Table 6). MPH% for primary branch 
exhibited a significant negative association with GCA AVG. 
No other significant association of either of the heterosis% 
with GCA AVG was noticed for any other character. On the 
other hand, significant associations of BPH% and MPH% 
with any of the three GD estimates (GDM, GDP and GDS) 
were found in three traits only, namely, days to 50% 
flowering, days to maturity and capsule length (Table 6). GD 
estimates were significantly related to SCA estimates for 
days to maturity and for capsule length only (Table 6). 
Despite negative association between GDM and GDP, 
between GDP and GDS and positive association between 
GDM and GDS (Table 6), the matrix correlation coefficient 
(r) values, for these pair of parameters, derived from Mantel 
Test, was 0.34, 0.008 and -0.17 respectively. The values 
were significant at p = 0.92, 0.51 and 0.25 with t = 1.41, 
0.03 and -0.68 respectively; this indicated that phenetic 
divergence is a vague indicator of actual genetic divergence 
and was not reliable enough to draw any conclusion on 
their mutual association.  To epitomize the relationship of 
heterosis and parental divergence, grouping of 21 cross 
combinations were carried out based on values of GDM, 
GDP, GDS for seed yield and four component traits, 
namely, capsules/plant, primary branches/plant, days to 
50% flowering and days to maturity. Correlation coefficients 
of BPH% and MPH% with GDM, GDP and GDS were 
determined for each and every group separately (Table 7). 

 
 
 
 
 
 
 

TABLE 6 
CORRELATION COEFFICIENTS BETWEEN DIFFERENT 

PARAMETERS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
GDM Vs GDP = -0.343 GDM Vs GDS = 0.109 GDP Vs 
GDS = -0.481* r value significant at 5% level of significance  
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The GDM grouping disclosed significant but inconsistent 
association of both the heterosis (MPH% and BPH%) with 
GDM, GDP and GDS for all five traits. Significant 
association occurred rarely in GDP grouping, except for 
days to maturity (Table 7). Hence, prediction of heterosis 
based on GDM or GDP is not adequate enough to avoid 
laborious field experimentation. Grouping based on GDS 
represented a different scenario. The most important fact 
was presence of significant positive association of heterosis 
with GDS in group III (GDS > 0.50), for yield (Table 7). 
From the above results, it is observed that three types of 
markers, showed three different type of clustering patterns 
with no specific trend between them. But from the 
correlation table (Table 7) it appeared that parental 
grouping based on molecular divergence offered more 
conclusive result in general, than other grouping. It 
consolidates the perception of divergence study to obtain 
heterotic hybrid.   
 

TABLE 7 
CORREALATION TABLE BASED ON GROUPING OVER 

GD ESTIMATES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*r value significant at 5% level of significance  
 

4 DISCUSSION 

Significant amount of dominance (non additive) variance for 
any character is generally a prerequisite for exploitation of 
heterosis. SCA estimates measure dominance component. 
In the present study, strong association between heterosis 
(%), hybrids per se and SCA estimates (Table 6) satisfies 
the proposition about non-additive genetic effect. On the 
contrary, GCA effects reflect additive gene action; poor 
correlation between heterosis and GCA AVG, observed in 
the present study, is expected, as heterosis is, mainly a 
function of non additive gene effect. The present finding, 
that SCA effects did not correlate significantly with GD 
estimates corroborated with the observation of [23], [24]. 
GDS and Cluster analysis based on GDS are in agreement 
with the geographic origin of the genotypes, but GDM 
corresponded poorly with the origin, whereas GDP did not 
correspond at all. There may be two major reasons for not 
obtaining good association between heterosis and diversity 
indices. Firstly, different indices may not be involved with 
expression of heterosis. Similarly, parents selected for the 
study perhaps did not represent true picture of the total 

gene pool in sesame. It is difficult to conclude about the 
above disputes due to unavailability of insufficient data. Still 
among diversity indices, diversity through SSR markers 
would go a long way, as SSR markers circumvent 
environmental variation, unlike morphological and protein 
markers which are environmental sensitive. The common 
tradition of detecting GD estimates is to select copious 
number of DNA markers with wide coverage over genomes 
[25]. Insufficient genome coverage due to fewer SSR 
markers may be one of the causes for not achieving good 
association of heterosis with GDS for all traits. [26] opined 
that use of large number of markers would result in positive 
correlation between parental diversity and F1 performance. 
In sesame, though work on DNA markers like RAPDs [27] 
and AFLPs [28] was found, but only recently, reports are 
coming on sesame genome sequences [29], [30] and on 
SSR markers including ESTs in sesame [31], [16], [32], [33], 
[34], [35]. QTL mapping for heterosis in sesame is still 
unexplored and augmenting DNA markers throughout the 
genome, with markers at the target QTL, seemed to be not 
feasible as only limited information about sesame genome 
sequence is available. So, it will be imprudent to conclude 
about the poor correlation of heterosis for yield with low GD, 
mainly for failure of marker technology in prediction of 
heterosis. In other words, if markers are in linkage 
disequilibrium with quantitative trait loci (QTL), then surely it 
will lead toward a predictive value. [36] were of the belief 
that prediction of heterosis through marker loci would foster 
meaningful results if the selected markers are specifically 
linked to the target traits considered for heterosis. Murty 
[37] and Banerjee & Kole [38] earlier, reported relationship 
between parental phenotypic diversity and heterosis in 
sesame, but no such report is available where molecular 
diversity is involved. In the present study, significant 
association between GDS and heterosis, transpired in GDS 
grouping for seed yield and capsules/plant, and proportional 
increase of heterosis with parental diversity, explicated that 
DNA markers reflect true divergence between genotypes. 
Feeble or week positive correlation between GDM and GDS 
estimates, envisages need of further confirmation, to figure 
out whether only GDS between parents would be enough to 
predict the strength of heterosis or not.  
 

5 CONCLUSION 

It may be concluded from the above experiment that 
parental diversity, based on morphological and seed 
storage protein polymorphism did not corroborate well with 
heterotic expression of characters in hybrids. Study on 
microsatellite markers depicted a different picture, where 
heterosis seemed to be explained by parental diversity to 
some extent.  
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