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Generation mean analysis was carried out to study nature and 

magnitude of gene effects for yield and its yield component in the cross 

of sesame (Sesamum indicum L.) The parents with their F1, F2, B1 and 

B2 were evaluated in replicated trail for ten quantitative traits. The 

analysis showed that scales A,B and C are highly significant for seed 

yield/plant and all the ten  yield components, indicating the 

predominance of non-allelic interactions or epistasis of Additive x 

Additive (i) and Dominance x Dominance (l) for almost all the ten 

characters in  the cross. Predominance of non-additive (dominance) 

gene action was prevailed in the expression of seed yield/ plant, its 

components with duplicate type of epistasis in both the crosses 

investigated. Hence, selection should be delayed until virtual 

homozygosity is attained to achieve the improvement in these traits.  
 

                  Copy Right, IJAR, 2017,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
Among the five vegetable oilseeds sesame (Sesamum indicum L.) ranking second after groundnut is preferred for its 

oil and protein in seed.  

 

Though India ranks first in area under sesame cultivation in the world. The productivity is very poor (304 Kg/ha) 

due to lack of stable high quality seeds with desirable attributes. Sesame is valued not only for its nutritive value but 

also for its quality and quantity of its oil (44-52%), which is rich in Vit. E and also contains significant levels of 

Linoleic acid which controls blood cholesterol levels. The protein content is about 26.5% (Mosjidis, 1982). 

Production of sesame seeds can be accomplished either through cytoplasmic male sterility or by emasculation and 

crossing. The emasculation and crossing is the preferred method in sesame seed production. For genetic 

improvement of the crop the breeding methods to be employed depends mainly on the nature of the gene action 

involved in the expression of quantitative trait. Line x Tester analysis is used to select parents based on their 

combining ability but cannot detect epistasis. The presence or absence of epistasis can be detected by generation 

mean analysis using the scale test. For this purpose there is a need to augment its productivity through the 

development of high yielding varieties. The present study was undertaken to understand the gene effects involved in 

inheritance of various quantitative traits in sesame to provide a basis for an evaluation of selection methods for the 

improvement of sesame population. 

 

Materials And Methods:- 
The experimental material for this study consists of a cross viz VS-07-23 x JLS-116 was effected using the parents 

VS-07-23 and JLS-116 by hand emasculation and pollination to study the genetics of traits imparting seed yield and 
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its components, for raising F1 generation during kharif 2011. The selfing of F1 generation and back crosses were 

effected to obtain enough self seed and back cross generations during summer 2012. The parents with their F1, F2, B1 

and B2 were evaluated in replicated trail during Kharif 2012. The segregating and non-segregating parental 

populations were cultivated in a Randomized block design with two replications at Post Graduate Research Farm of 

Department of Botany, Mahatma Phule Agricultural University, Rahuri during kharif 2012. The observation 

recorded on ten randomly selected plants in P1, P2 and F1, 20 plants were randomly selected in F2, B1 and B2. The 

traits assessed were days to 50 per cent flowering, days to maturity, Plant height (cm), Number of branches per 

plant, number of capsules per plant, length of capsule (cm), number of seeds per capsule, seed yield per plant (g), 

1000 seed weight (g) and oil content (%). The mean values, standard errors and variances of the different 

generations were subjected to weighed least-squares analysis using the scaling test (Mather 1949) and the joint 

scaling test to estimate gene effects. The genetic effects were estimated using the models suggested by Mather and 

Jinks (1971) and Jinks and Jones (1958). The significance of the scales and gene effects were tested by using the t-

test (Singh and Chaudhary, 1985). The A, B and C scaling tests were carried out for ten traits indicated the presence 

of non-allelic interactions in almost all cases. The A and B scaling tests provided the evidence for the presence of 

additive x additive (i), additive x dominance (j) and dominance x dominance (l) type gene interactions. The C 

scaling test provided a test for type l epistasis. The type of epistasis was determined only when dominance (h) and 

dominance x dominance (l) effects were significant, when these effects had the same sign the effects were 

complementary while different signs indicated duplicate epistasis (Kearsey and Pooni, 1996). 

 

Results And Discussion:- 
The mean and standard error of the six generations for ten traits in cross is presented in Table 1, with the means 

values for the scaling joint scaling tests and their interaction effects being presented in Table 2,3. The hybrids 

performed better than their respective parents, in regard to days to 50% flowering, days to maturity, length of 

capsule and number of seeds per capsule in the VS-07-23 X JLS-116 cross. this cross showing inferior performance 

for oil content than their respective P1and P2 generations respectively.  

 

The expected mean (m) of the three possible homozygotes was positive and significant in the cross for all the traits. 

A simple additive/dominance model was adequate as inferred from the non-significance of all the scales for number 

of capsules per plant in the cross VS-07-23 X JLS-116, while for all other characters in the cross, an epistatic 

digenic interaction was found to be a suitable fit, since the scaling and/or joint scaling tests were significant. The 

additive, dominance and epistatic types of gene interaction in the cross for different trait were found to be different 

from each other. The dominance x dominance (l) interaction was larger than the additive x additive (i) and additive x 

dominance (j) effects put together, while for the main effects the dominance component (h) was greater than the 

additive (d) component. The dominance (h) and dominance x dominance (l) effects were in the opposite direction, 

suggesting that duplicate-type epistasis occurred in most cases and indicating predominantly dispersed alleles at the 

interacting loci (Jinks and Jones 1958). Dominance gene effects were found to be relatively more important, as 

indicated by the fact that in all cases the dominance (h) values were higher than the additive (d) values.  

 

The ‘days to 50% flowering’ trait for the VS-07-23 X JLS-116 cross showed dominance x dominance (l) type 

interaction for the same trait. For this trait the dominance (h) and dominance x dominance (l) gene interaction were 

found to play a major role. The components ( h , l) are opposite and highly significant in the cross VS-07-23 X JLS-

116 suggesting the duplicate epistatic interaction. Importance of non additive component was also reported by 

earlier workers Ramesh et al. (1995), Yamanura et al. (2009) and Kumar et al. (2012).          

 

The ‘days to maturity’ trait for the VS-07-23 X JLS-116 cross showed dominance x dominance (l) type interaction. 

Dominance (h) and dominance x dominance (l) gene interaction were found to play a major role for this trait. 

Duplicate epistasis and the predominance of non-additive  gene action was appeared for this trait which confirms the 

earlier findings Ramesh et al. (1995), Kumar and Vivekanandan (2009), Parameshwrappa et al. (2009), Yamanura et 

al. (2009) and Kumar et al. (2012).   

 

In case of plant height trait the additive x additive (i) effect was in the VS-07-23 X JLS-116 cross. This trait also 

showed duplicate-type epistasis. The dominance gene component (h) was higher than either the non allelic 

interactions or additive (d) effects. Although additive (d), additive x additive (i), additive x dominance (j) and 

dominance x dominance (l) gene effects were significant for the ‘plant height’ trait non-additive gene effects appear 

to have been more important, this predominance of dominant gene action is in accordance with the earlier reports of 
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Kumar and Vivekanandan (2009), Parameshwrappa et al. (2009),  Yamanura et al. (2009) and Kumar et al. (2012). 

Duplicate epistasis were reported by Kumar and Ganesan (2004) for this trait. 

 

For the ‘number of branches per plant’ trait the dominance gene component (h)  and additive x additive (i)  effect 

were found to be the most important in the cross, Duplicate type epistasis was predominance in the cross. Duplicate 

type of epistasis was also reported for this trait by Kumar and Vivekanandan (2009) Parameshwrappa et al. (2009), 

Yamanura et al. (2009) and Kumar et al. (2012).  

 

 In regard to the ‘number of capsules per plant’ trait dominance gene effects were found to be relatively more 

important because of the dominance (h) values were higher than the additive (d) in the cross. Duplicate epistasis 

were observed for this trait. A simple additive-dominance model being adequate for this trait in the cross VS-07-23 

X JLS-116. Duplicate epistasis were also reported for this trait by Kumar and Ganesan (2004), Vijayarajan et al. 

(2007) and Gaikwad  et al.(2009). 

 

For the ‘seed yield per plant’ trait dominance gene effects were found to be relatively more important because of the 

dominance (h) values were higher than the additive (d) in this cross. Non-allelic additive x additive (i) interactions 

and duplicate epistasis were observed for this trait in the cross. The dominance (h) and dominance x dominance (l) 

gene effects showed opposite signs, indicating the presence of duplicate dominant epistasis in the expression of this 

trait similar results also reported for this trait by Kumar and Vivekanandan (2009) Parameshwrappa et al. (2009), 

Yamanura et al. (2009) and Kumar et al. (2012). 

 

The additive effects and gene interaction dominance x dominance (l) were observed for length of capsule in the 

cross with duplicate epistasis can be exploited effectively by selection for the improvement the characters. The 

preponderance of additive (d) and dominance x dominance (l) gene actions with duplicate type of epistasis revealed 

their potential in controlling this character, which supports the findings of Bakheit et al. (2001), Kumar and Ganesan 

(2004), Kumar and Vivekanandan (2009) and Sundari et al.(2012). The additive component could be exploited 

through selection programme.  

 

Dominance and duplicate epistasis were important in the expression of ‘number of seeds per capsules’ trait in the 

cross, while dominance x dominance (l)  important in the VS-07-23 X JLS-116 cross. Non-additive gene action was 

appeared to be predominant in the expression of this character as has been reported by earlier workers Ramesh et al. 

(1995), Kumar and Ganesan (2004) and Kumar et al. (2012). Duplicate kind of epistatic interaction was prevailed in 

both crosses. Similar finding were also reported by Sumathi and Muralidharan (2008) and Gaikwad et al. (2009).   

 

The ‘weight per 1000 seeds’ trait complementry epistasis were important in the VS-07-23 X JLS-116 cross. 

However, in this cross non-additive gene action appeared to be predominant, wherein the duplicate type of non 

allelic interaction was obtained for this trait. Earlier workers Kumar and Vivekanandan (2009) and Kumar et al. 

(2012) also revealed the importance of non-additive component for this trait. 

 

The d, h and additive x additive (i) type gene interactions indicate that this trait is under the control of both fixable 

and non-fixable gene effects. The additive x additive (i) type gene interaction and duplicate epistasis seen in this trait 

suggest the possibilities of obtaining transgressive segregants in later generations. The additive effects and gene 

interaction additive x additive (i)  or other type digenic complementry gene interaction can be exploited effectively 

by selection for the improvement the characters. Use of reciprocal recurrent selection or Bi-parental mating 

suggested to improve the characters when both additive and non- additive gene effects are involved in the expression 

of these traits. 

 

Dominance x dominance (l) non allelic gene interaction play an important role in the inheritance of oil content in the 

cross with duplicate gene epistasis. 

 

Table 1:-Mean performance of different generations for ten characters in VS-07-23 X JLS-116 cross  of Sesamum. 
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+0.20 
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Table 2:-Scaling tests of generation means of sesamum cross for yield, its components. 

Characters  Scales 

A B C 
2
 

1.Days to 50% flowering 1.95** 7.70** 5.10** 363.888** 

2. Days to maturity 1.35** 10.75** 7.40** 625.198** 

3. Plant height (cm) 6.40** 9.05** -12.70 16.127** 

4. No. of branches per plant 1.50** 0.00 -1.050 20.449** 

5. No. of capsules per plant -5.90 5.00 -19.35 2.947 

6. Length of capsule (cm) -0.300** -0.700** -1.165** 188.700** 

7. No. of seeds per capsule 5.55** -9.20** 6.75 137.248** 

8. Seed yield per plant (g) 11.37** 12.33** 19.80** 395.968** 

9. 1000 seed weight (g) -0.479** 0.622** 0.541** 1111.655** 

10. Oil content (%) -1.490** -4.191** -1.660 278.925** 

*, ** significant at 5% and 1% level, respectively 
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Table 3:- Estimates of gene effects for yield and its components in VS-07-23 X JLS-116 cross of sesamum. 
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Duplicate 

3. Plant height (cm) 117.65** 
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Duplicate 
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*, ** significant at 5% and 1% level, respectively 

Conclusion:- 

Presence of non-additive gene for days to 50% flowering, days to maturity, plant height, number of branches per 

plant, number of capsules per plant, number of seed per capsule,1000 seed weight and seed yield per plant indicating 

that conventional selection procedure may not be effective enough for improvement of yield. Therefore 

postponement of selection in later generations or intermating among the selected segregants followed by one or two 

generations of selfing could be suggested to break the undesirable linkage and allow the accumulation of favorable 

alleles for the improvement of these traits. The different types of gene effects estimated provided a test for gene 

action and are useful for analyzing the genetic architecture of a crop so as to further improve desirable traits. The 

estimates obtained from each cross may be unique to that cross and may not be applicable to the parental population. 

Additive genetic variance formed the major part of the genetic variance for the important yield component trait 

except length of capsules, number of seeds per capsules and oil content. Therefore genetic improvement in the ‘seed 

yield per plant’ trait would be easier through indirect selection for a component traits such as the plant height, 

number of branches per plant, number of capsules per plant and1000 seed weight than through direct selection for 

seed yield itself. 
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