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in improving crops through hybridization, and choosing better parents 
is crucial for yield and other desirable features. The review’s goal was 
to better understand common mating designs so that superior genetic 
materials could be identified and breeding programs could be designed 
for future enhancement.
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is required to achieve this goal. It gives each entry an equal chance of 
being crossed with every other entry. It is vital that the entries in the 
crossing block are evenly distributed and ordered randomly [15, 20].

The ability to develop synthetic cultivars, recombine selected 
genotypes in a recurring selection phase, and test the parent genotypes’ 
general combing ability are all advantages of the polycross design [22]. 
The general combining abilities assessed are mostly for maternal parents, 
and differences found in a progeny can be partitioned into within and 
between maternal parents, assisting in heritability estimation. The 
variance components and, as a result, the general combining ability are 
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plants to the two inbred lines from whence the F2 was descended is used 
in this design. It is regarded to be the most powerful of the three NC 
designs. Upgrades by Kearsey and Jinks, which included introducing a 
third tester in addition to the two inbreds, made it more powerful. F2 
is evaluated using the two parental lines that serve as testers. Because 
F2 segregates at all loci for which the testers differ but not for any other 
loci, the parents, as progenitors of the F2, are exceptional testers. The 
F2 population is used as a reference population in NCIII mating.

The triple test cross is a variant that can test non-allelic (epistatic) 
interactions as well as estimate additive and dominance variance, 
something that the other designs couldn’t do. The first portion of the 
study is an epistasis test, while the second half examines the significance 
and calculates the additive and dominant components of variance. 
Because the NCIII is a particular variant of the NCII, the ANOVA is 
similar, with one exception: the two testers are not a random sample 
from any population, but rather two extremely unique lines that are the 
progenitor of the F2 (Table 6). 

Diallel design 

A complete diallel mating design allows the parents to be crossed in 
every possible combination, including selfs and reciprocals. This is the 
mating pattern required for achieving Hardy–Weinberg equilibrium 
in a population. The diallel is the most extensively used and utilized 
mating design for acquiring genetic data. The fact that there are two 
types of diallel analysis models, random and fixed, may explain why 
it is so popular. Parents in a random model are members of a random 
mating population. For examining GCA and SCA variations, a random 
approach works well.

When parents are fixed effects, the goal is to quantify the GCA 
effect for each parent as well as the SCA effect for each pair of parents. 
A complete diallel mating design allows the parents to be crossed in 
every possible combination, including selfs and reciprocals. This is the 
mating pattern required for achieving Hardy-Weinberg equilibrium 
in a population. Griffing’s diallel approaches are the most extensively 
utilized in diallel analysis. established four diallel methods in plants: 
1) The complete diallel: parents, F1, and reciprocals Half diallel: 
parents and F1’s, full diallel: F1’s and reciprocals, full diallel: F1’s 
and reciprocals, full diallel: F1’s and reciprocals, full diallel: F1’s 
and reciprocals, full diallel: F1’s and reciprocals, full diallel: F1’s and 
reciprocals, full diallel: F1’s and reciprocals, full dial. F1’s each method 
yields a different number of progenies; the number of progeny families 
(pf) for procedures 1 through 4 is pf = n2, pf = 1/2n (n + 1), pf = n 
(n-1), and pf = 1/2n (n-1), respectively (Acquaah, 2012). These four 
approaches have been widely used to look at the inheritance patterns of 
various traits in a wide range of crops.

This mating design includes GCA and SCA information. Methods 
3 and 4 employ a fixed model to produce unbiased estimates of 
combining abilities and gene action. When there are no genotypic 
reciprocal effects, this technique works well. Poor experimental design 
causes the majority of diallel cross issues, making data processing 

difficult. A higher GCA/SCA variance ratio indicates the importance of 
additive genetic influences, whereas a lower ratio indicates dominance 
and/or epistatic gene effects. Only when the aggregate analysis reveals 
significant GCA and SCA mean squares are individual GCA and SCA 
impacts assessed. In genetics and breeding, there are four diallel mating 
designs that are widely utilized.

Method I or full diallel design: Parents, one set of F1’s, and 
reciprocal F1’s made up technique I, or entire diallel design. The 
technique generates a total of n2 genotypes (Table 7). 

Method II or half diallel design: This technique includes parents 
as well as one set of F1s that are not reciprocals. p (p+1)/2 genotypes 
result from this design(Table 8). 

Method III: One set of F1s and the reciprocals are provided in 
this strategy. A = p (p-1) distinct number of genotypes result from this 
mating scheme. It also provides fixed and random effect models for 
techniques I and II (Table 9). 

Method IV: Only one set of F1s is used in this procedure. The 
diallel crossing system is the most prevalent. There are a total of a = 
p (p-1)/2 genotypes that have been tested. There are two models for 
different diallel techniques (Table 10). 

Source Df MS Ems
Replications (r-1)
Parents/Testers (T) 1 MST σ2

W + rσ2
Tm + mrk2

T

F2 (m) m-1 MSm σ2
W + 2rσ2

m

T x M m-1 MSTm σ2
W + rσ2

Tm

Within FS families (r-1)(2m-1) MSW σ2
W

Total 2mr-1

Table 6: Format of the ANOVA table for the North Carolina design III.

Expected mean squares
Source Df SS MS Model I Model II
GCA p-1 Sg Mg σ2 +2p(  )Σgi

2 σ2 +2(  ) σ2
g+2p σ2

g

SCA p(p-1)/2 Ss Ms σ2 + ΣΣsij
2 σ2 +2(  ) σ2

s

Reciprocal 
eff. 

p(p-1)/2 Sr Mr σ2 +2( )ΣΣrij
2

σ2 + 2 σ2
r

Error M Se Me σ2

Table 7: Skeleton of ANOVA for method I diallel design.

Expected mean squares
Source Df SS MS Model I Model II
GCA p-1 Sg Mg σ2 +(2+p)(  )Σgi

2 σ2 + σ2
s +(p+2) σ2

g

SCA p(p-1)/2 Ss Ms σ2 + ΣΣsij
2

σ2 + σ2
s

Error M Se Me σ2

Table 8: Analysis of variance for method II.

Expected mean squares
Source Df SS MS Model I Model II
GCA p-1 Sg Mg σ2 +2p(p-2)(  )Σgi

2
σ2 + 2 σ2

s +2(p-2) σ2
g

SCA p(p-3)/2 Ss Ms σ2 + ΣΣsij
2

σ2 + 2 σ2
s

Reciprocal eff. p(p-1)/2 Sr Mr σ2 +2( )ΣΣrij
2

σ2 + 2 σ2
r

Error M Se Me σ2 σ2

Table 9: Skeleton of ANOVA of Diallel method III.
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Line × Tester Design

The L x T mating design is essentially a variation on the top cross 
design, with the exception that instead of one tester, the L x T mating 
design employs a large number of testers. In this concept, lines (f) and 
wide-based testers (m) are hybridized one-to-one, yielding f x m = fm 
hybrids. It is the most fundamental mating pattern, producing both 
full-sibs and half-sibs at the same time, in contrast to top-cross, which 
only produces half-sibs. Because the genotypes of liner and tester are 
different, it delivers SCA for each cross as well as GCA for both lines 
and testers [23].

It’s also used to estimate a range of gene activities that influence the 
expression of quantitative traits. One of the most effective approaches 
for predicting parents’ general combining ability (GCA) and identifying 
parents and crosses with high special combining ability (SCA) is to use 
line tester analysis. For establishing the nature and amount of gene 
action influencing quantitative traits, the line x tester mating design 
is beneficial. A line tester can be used to see if female and male lines 
have the potential to produce desirable hybrid combinations. It helps 
with the selection of parents for cultivar development or hybridization 
projects by providing information on the role of genes in determining 
desirable trait inheritance. It’s the most effective method for estimating 
the value of germplasm and selecting the finest parents for creating 
superior hybrids [24] (Table 11). 

Conclusion
The most fundamental and pre-requisite stage in a plant breeding 

program is to create genetic variety in order to improve agricultural 
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