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Detection of epistasis through triple test cross (ITC) analysis in maize ZeamaysL.)
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Abstract: The present study was carried out to detect the epistasis present in two cross of maize through triple test
cross (TTC) analysis. The mean squares due to total epistasis was highly significant at P<0.01for all the characters
in both C-I and C-Il, except for ear length in C-I. The i type of epistasis was highly significant for the traitssuch as
days totasseling, days to silking, earlength, ear circumference, kernels row™,100 grain weight and shelling percentage
in C-1and in C-Il, i' type was non-significant for ASI, ear length, kernels rowand grain yield plot™.Both j type and |
type of epistasis weresignificant for all characters in both C-l and C-II, except for ear length in C-l and days to silking
in C-1l.The estimate of additive genetic component (D) was highly significant for all characters in both C-1 and C-II.
Epistasis played a significant role in the inheritance of all the characters in both C-l1 and C-Il except for ear
length in C-I. Both additive and dominance components of genetic variance with a predominance of dominance
genetic variance played an important role in the inheritance of all the quantitative traits except ear length in C-I
and kernel rows earin C-II.

Keywords: Additive, dominance, epistasis, genetic variance, Triple test cross analysis

INTRODUCTION undertaken to detect epistasis for grain vyield, its

L . . components and anthesis-silking interval in maize.
Maize is an important cereal crop of the worldislt

considered as a model crop because it possesséddATERIALS AND METHODS
enormous genetic variability which is coupled wiih
biological diversity. Maize breeders have been

successfully used the genetic variability to exgioi traits. The basic material for the study compriséd

heterosis by crossing inbreed lines to develop itgbr . o
Soresson’ of heaross manly cepencs Upon nd e TS lnest DURNBL HAZE 400wt
nature and extent of genetic component of variation P

- I . Table 1.
Thus there is need for through realizing of genetic
variation, levels of dominance, and the importaote Two F, crosses (C-I) HKI-26-2-4-(1-2) x CML 41 and

. . C-lIl) DMRN 21 x HKI 26-24(1-2) contrasting for
enetic effects for better understanding of the en( = .
gction involved in the expression of hetgrosis.éﬁgs grain yield and ASI, respectively were effectedkat

: : . .. block of the Department of Genetics and Plant Breed
biometrical methods are available for obtaining . : . . .
. . X I .Y ing, University of Agricultural Sciences, Bangalpre
information on the nature of genetic variation.plei

test cross analysis proposed by Kearsey and Jinkgurlng 2012 summer. T_he tquEwere sown and
( 1968) is considered as most efficient and usefulSehceol to obtain Fpopulations during 201Rharif. A

. . - - . . 100 Rk, plants were maintained in each of the two
biometrical techeniques for detecting epistasisd
in the absence of epistasis, it provides tigm crosses. A total of 21 randomly selectedpkants from

ous estimates of additive and dominance componentst—)Oth the crosses were backcrossed, as male parent t

: . . . their respective parents as well as theis i farmer’s
gene frequencies and linkage relationships. Further, : . S
TTC design is independent of both the genefleld at Sabbenahalli, Chickballapur district (Zobg

frequencies and the mating system of the populdtion ?huen?gozceiggzgl' Z?ee eli? -art:z g .ﬁr(zgme% famt'lr']g::sc’f
be investigated. In addition, TTC has the widest. W W vaiu ! Wl P

L . . : ing of 60 x 30cm in 4 rows each over two seasons in
appllcab|_llty as it can be use_d to mves'qgate b.o.thfarmer’s field at Sabbenahalli, Chickballapur dettr
segregating and non-segregating populations arlsmgaZOne 5) during 2013 summer' and 2014 summer. Al
gg?s dllifrf‘i;e;nt(lgg Qresr:}t/m;r? dﬁFJbiﬁﬁléCf(l)Szg ng"r;gozy- the recommended crop production and protection-prac
1969: Jinks and Perkins, 1970: Chahal and Jinkslices were followed to raisea healthy crop. Dat&onl

. . oo T tifferent quantitative traits were recorded on @mty
1978). Keeping this points in view, present stucsw labelled 26 plants in each of the 126 TTC progenies
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Triple test cross (TTC) design (Kearsey and Jinks,
1968) was used to detect epistasis governing ecicnom
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RESULTS AND DISCUSSION inheritance of all the characters except ear lemgth

Inthe present studv. TTC analvsis was carried put i C-1 and kernel rows edrin C-Il. The present results
P Y Y are in agreement with those of Kaka al. (2001),

two crosses derived by crossing parents contrafing Kumar and Gupta (2002), S al. (2006), Sofiet al

grain yield —— ~  and ASIin maize. Analysis - 5447y " jin Ming Huaet al. (2008) in maize. It is
of variance; +,;, 2L,y due to epistasis o . L .

N : known that only additive genetic variation is the
indicated the presence of digen-

fixable variations that ensure the effectiveness of

traits in both crosses except ear length in C-b@a) selection for desirable traits. Therefore, reliaseuld
These results emphasized the inadequacy of additivmaInIy be placed on mass selection or inter—pojoulat

and dominance gene model and the importance ofepisgelecuon or progeny selection or family selection

tasis in the inheritance of the characters. Walf Hal- order to congregate superior genes for the imprewém

of aforesaid characters. lIsolation of high yielding
l(glcj)%rZ)(lgAii?z’i l;il(ljae;:zléigo(%)o'el;usn;‘: alanéo%lé?ta homozygous lines (varieties) in advanced segregatin
Soh . ; ' : . /' generations is the most effective breeding method.
Sofiet al. (2007), Jin Ming Hueet al. (2008), Singh

Dominance component of genetic variance was pre-
_and Gupta (2008) af.‘d : Nehet_ al. (2009) repor‘_[ed dominant in the inheritance of all the traits irtlbthe
importance of epistasis in the inheritance of ecaino

traits of maize. crosses (Table 4). Any type of selection schemeldvou

o . . . . fail to achieve higher expression of these tréitsy-
Significance of i’ type epistatic interaction (additive x . . :
- ) o ever, a hybrid programme in general is expecteloeto
additive) suggested effectiveness of selectionairye . : :
. . . most effective. Reciprocal recurrent selection of
segregating generation for the improvement of all

i : Comstocket al. (1949) is expected to be the most
charactgrs except_AS!, plant _he_|ght, ear heightdie effective breeding method for the improvement & th
rows ear and grain yield plaftin C-1 and ASI, ear

lenath. kernels row and arain vield olct in G-Il characters which are under the influence of dontinan
Bot% ,‘i’ type and [ +I)gtypeyof egistasis wére gene action. Earlier researchers such as Kumar and

important in the expression of a few characters Gupta (2002) and Rao and Singh (2006) have also
P © EXp e . S reported major role of dominance gene action asd al
days to tasseling, days to silking, ear circumfeeen

- ; ; : . recommended recurrent selection schemes for the
kernels row, 100 grain weight and shelling per cent in imorovement of the traits in maize
C-l and days to tasseling, plant height, ear heigat P :

. ) . . Direction of dominance: One further useful statistic
circumference, kernel rows €ar100 grain weight and . . .
. . . that could be estimated which was not discussed by
shelling per cent in C-Il. However, the magnitude o

‘i’ type of epistasis was larger than thatjefl) type of Kearsey and Jinks (1968) but explained by Beadlow
type ot €p g jof( typ al. (1962) is the F value. F is the covariance of sums
epistasis in both the crosses except for ASI, plant

height, ear height, kernel rows @aand grain yield (Lu+Lxw) and differences(@-T:) . F has the same
plot*in C-l and for ASI, kernels row grain yield plot  coefficient as additive and dominance genetic vaea

"I and shelling per cent in C-Il. The importance of but it measures the sum of the products of thetiaddi
additive x additive type of epistasis has been gmpl effects (d) and dominance (h) genetic effects adhi
demonstrated by several researchers such agt 8bfi  controlling the inheritance of target traits. Batie
(2006), Rao and Singh (2006) and Hassanebl@r  magnitude and the sign of the covariance provide
(2012) in maize information about the magnitude and direction of
Detection of additive and dominance components of dominance. To determine whether or not the covegian
genetic variance: Significant mean squares due to is significant, it was converted into a correlation

SUMs and difference for 12 coefficient with (n-3) degrees of freedom. Thus,

) o - direction of dominance and relative frequency aofage
traits (Table 3), indicated presence of both adeliind \yith increasing and decreasing effects in the garen

dominance components of genetic variance in theyas inferred from the following different combirgii
of estimates ofé?;’ and ‘F'.

Both ‘6’yand ‘F’ are significant: Both 6% and F
were significant for kernel rows eaand shelling per

icepistatic gene interaction in the expressionlbfte

Table 1.Salient features of parents used for generation of
TTC progenies

S| Parents Grain yield AS| cent inC-1, but they were non-significant for dtlet
No traits in C-llwhich indicated that the traits arader
1 DMRN 21 High Low the influence of unidirectional dominance in the
(0.15 kg/plant) (1.95 days) inheritance of the traits.
2  HKI-26-2-4- Low High ‘6°y significant and ‘F’ non-significant : The
(1-2) (0.074 kg/plant)  (7.65 days) estimate of F was non-significant while’s was
. significant for all the traits except kernel rova®and
3 CML41 High Low shelling per cent in C-I. In C-Il the estimatesFoand
(0.22 kg/plant) (3.2 days) ¢ 2,

oy’ were significant for all the traits except kernel
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Table 4. Estimates of additive (D) and dominance (H) comptmef genotypic variance for 12 quantitative gait two
crosses in maize during summer 2013 and 2014.

Genetic Cross Days to Days to ASI Plant Ear Ear length
parameters tasseling Silking height height (cm)
(cm) (cm)

D C-l 19.47** 26.16** 1.79** 639.03** 292.14** 1.38
C-ll 3.52%* 4,14 1.84** 516.91** 259.10** 3.36%*

H C-l 4,59** 5.24** 0.47** 23.89* 62.49** 0.54
C-ll 3.34** 3.50** 0.33** 56.25** 50.86** 0.58*

(H/ID)*? C-l 0.49 0.45 0.51 0.19 0.46 0.64
C-ll 0.98 0.92 0.42 0.33 0.44 0.41

F C-l 21.42 22.97 2.45 163.09 259.84 0.54
C-ll -2.77 0.70 1.17 240.51 184.39 -1.95

r (Sums/ C-l -0.52 -0.45 -0.52 -0.19 -0.40 -0.04

Difference) C-ll 0.17 -0.40 -0.26 -0.27 -0.34 0.22

* Significance at £0.05, **Significance at £0.01; C-I: HKI-26-2-4-(1-2) x CML 41 for grain yieJdC-1l: DMRN 21 x HKI 26
-2-4(1-2) for ASI

Table 4.Contd...

Genetic Cross Ear Kernels Kernel 100 grain  Grainyield  Cob shelling
parameters circumference  row™®  rows ear® weight(g) plot? (kg) (%)
cm
D C-l l(.89?‘* 12.25** 2.70** 25.94** 0.84** 30.73*
C-li 1.09** 6.88** 3.93* 15.47** 1.07** 57.87*
H C-l 0.29** 15.54** 0.57* 8.16** 0.58** 17.23**
C-ll 0.44** 6.77** 0.24 16.83** 0.36** 21.96**
(H/ID)*? C-I 0.39 1.13 0.46 0.56 0.83 0.75
C-ll 0.64 0.99 0.25 1.04 0.58 0.62
F C-l -0.37 -33.50 -5.26** 20.61 1.21 -43.44*
C-ll -0.98 -14.55 0.13 2.08 -0.63 -66.47
r (Sums/ C-l 0.10 0.43 0.69** -0.34 -0.40 0.44*
Difference)  C-li 0.27 0.30 -0.02 -0.03 0.20 0.44

*Significance at R0.05, **Significance at £0.01; C-I: HKI-26-2-4-(1-2) x CML 41 for grain yield-1l: DMRN 21 x HKI 26-
2-4(1-2) for ASI

rows ear. These results indicated bidirectional in the inheritance of all the characters in both &3
dominance in the inheritance of the aforesaid drait c-|| except for ear length in C-I. Both additivedan
Further, both increasing and decreasing a”ele$Werdominance Components of genetic variance with a
dominant and recessive to the same extent as sslveal predominance Of dominance genetic Variance p|ayed
from significant 6%’ and non-significant ‘F’ value. an important role in the inheritance of all the
Both ‘o’yand ‘F’ were non- significant: Both 6% quantitative traits except ear length in Gahd
and F were non-significant for ear length in Ctidor  kernel rows ealin C-Il. Since epistasis was detected
kernel rows eaf in C-Il suggesting ambidirectional for most of the traits, it is hereby inferred that
dominance and decreasing alleles are more ofterstimation of genetic components of variation by
dominant than increasing alleles. models assuming absence of epistasis would be

‘ 2 y . . g ‘ y . . g . .
non-significant and 'F significant: This type of significantly biased and can cause consequentibias

O d
situation was not witnessed for any character ith bo estimates of heritability and other genetic paramset
However, as of now, there is no conclusive evidence

the crosses. Moreover, such type of combination
would appear only when there is sampling error. about the extent of bias and the effect of epistasi
the expression of quantitative traits. Studies for

assessment of relative importance of epistatic oot

Conclusion
In the present study, epistasis played a significale
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