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ABSTRACT: Epistasis, additive and dominance components of genetic variation for yield
and some yield related traits were assessed through triple test cross technique in bread wheat.
Two genotypes of bread wheat, Gemmeiza 11 and Line 1, and their F1 progeny were used as
a testers to crossed with twenlty random selected F2 plants from the previous cross
(Gemmeizal1 % Line 1) to produce L1i (P1 x F2j), L2i (P2 x F2i) and L3i (F1i x F2i)
respectively. The sixty families (L1 (20) + L2 (20) + L3 (20)) were sown at Experimental Farm of
Gemmeiza Agriculture Research Station to study gene action, predicting of new recombinant
lines and genetic correlation for some quantitative traits. The mean squares of the analysis of
variance revealed significant differences among triple test cross (T.T.C) families for all the traits
studied indicating that L1i, L2i and L3i families were significantly different from each other,
providing evidence for adequate amount of genetic variabilily. Epistasis was found an important
part of genetic variation for all traits studied. Partitioning of total epistasis into (i) type and (j +L)
types of epistasis revealed that (i) type of epistasis (additive x additive) was found to be
significant and highly significant for most traits studied except plant height, main spike length,
number of spikelets per main spike and kernels per spike. However, (J+ L) additive »
dominance, dominance % dominance, types were also highly significant for most traits studied
except number of days to heading. The additive genetic variances (D) was found to be much
larger in magnitudes than the dominance genetic variance (H) for number of days to maturity,
number of spikes per plant, number of kernels per main spike, grain yield per plant and 1000-
kernels weight and that resulted in (H/D)* to be less than one. The results showed that the F*
value (covariance of sums / differences) was found to be significant and positive or negative for
number of days to maturity and flag leaf area revealing that the dominance was unidirectional
among parents. The prediction results revealed that it could be feasible to predict as early as
possible for transgressive segregants and the highest proportions of recombinants which
outperform parental range for number of spikes per plant, followed by number of days to
maturity, grain yield per plant, flag leaf area and plant height. Thus the breeder should give a
great emphasis to the promising cross are the most frequent ones and having high values for
new recombinants for yield, therefore, the breeder should pay great emphasis for considering
these promising cross in wheat breeding program. Results of genetic correlation generally
revealed presence of significant additive, dominance and epistatic genetic correlations among
some fraits suggesting common genetic pool, pleiotropy or linkage. Since additive genes is a
fixable type, therefore, selection based on such type may indicate that indirect selection via,
main spike length, number of kernels per main spike, number of spikes per plant and 1000-
kernels weight would be effective in improving grain yield and enhance its importance as
selection criteria. Meanwhile, the great part of traits showed non-significant genetic correlations
and confirmed that T.T.C mating system was useful in break up undesirable linkage to obtain
new recombinant lines.

Key words: Wheat, Triple test cross, epistasis, additive, dominance, prediction and genetic
correlation.
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INTRODUCTION

Wheat is the most important cereal crop
in Egypt. It is the major crop in winter
season, the local production of wheat is not
sufficient to cover the local consumption in
Egypt. Increasing wheat production to
narrowing the gap between production and
consumption is considered the main goal of
breeder in Egypt as well as in most
countries all over the world (Shehab Ei-
Din,1993).

The initial stage of wheat breeding
programs is to develop cross populations
having high genetic variation in order to
improve new wheat cultivars. Desired
genotypes from these cross populations are
selected using suitable selection methods.
Selection of the efficient breeding method
depends to large degree on understanding
of the genetic scheme controlling the traits
to be selected. In plant breeding, various
mating designs and arrangements are used
by breeders and geneticists to generate
improved plants. The selection of suitable
parents and good mating designs are keys
to the successful plant breeding schemes
(Khan et al., 2009). Thus mating designs
developed and applied for investigation
inheritance of quantitative traits have helped
to understand the nature of genetic
variation, which in turn were useful in
formulating appropriate breeding methods
and improving selection efficiency (Kearsey
and Pooni, 1996).

Most of the designs wused in the
estimating the genetic components of
variation assume the absence of epistasis.
However, in this respect, Esmail (2007), Ei-
Massry (2009) and Morad (2012) mentioned
that epistasis was predominating for most
studied traits in wheat. Among all the
designs available for estimation of gene
action, Triple test cross is considered the
most efficient model as it provides not only a
precise test for epistasis, but also unbiased
estimates of additive and dominance
components if epistasis is absent (Singh and
" Yunus, 1986). This design is most flexible in
that it can be applied to any population with
any level of inbreeding, any gene frequency
and degree of linkage disequilibrium or gene
correlation. An understanding of genetic
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factors, determination of agronomic traits is
a primary step for breeding studies. The
magnitude of additive effects is particularly
useful to the wheat breeder involved in
developing pure line varieties.

The aim of many seifing programmes is
to produce recombinant inbred lines to be
used directly or in producing F1 hybrid or
multiple cross hybrid. The best source of the
genetical parameters required for predicting
the properties of recombinant inbred lines is
the F2 triple test cross (Kearsey and Jinks,
1968; Jinks and Perkins, 1970; Pooni and
Jinks, 1979; Pooni, et al., 1978).

The knowledge of genetic correlation,
which occurs between characters, can help
the breeder to improve the efficiency of
selection by using favorable combinations of
traits and to minimize the retarding effect of
negative correlations. The reliability of
genetic components estimated from TTC
makes computed correlations from them
more reliable. In wheat, the correlation of
components of genetic variance was
computed using TTC analysis by Eissa
(1994 c), Alkaddoussi (1997), Menshawy
(2008) and Morad (2012).

The objectives of this study are to study:
1) Existence of epistasis and to determine
the additve (D) and dominance (H)
variances of quantitative traits. 2) To make
prediction for studied traits that help the
breeders to identify the favorable
combinations to improve the efficiency of
selection, 3) To compute the genetic
correlaton among various traits and
partitioning it to epistasis , additive and
dominance correlations.

MATERIALS AND METHODS

The present study was conducted at
Experimental Farm of Gemmeiza Agriculture
Research Station, Egypt during the four
successive seasons of 2009 / 2010, 2010 /
2011, 2011 / 2012 and 2012/2013. In the
first season (2009/2010), two genotypes of
bread wheat, differ in most of their
agronomic traits namely Gemmeiza 11 and
Line1, were crossed to obtain their F1
progeny (Gemmeiza 11x Line1). The
pedigree of bread wheat genotypes are



ilustrated in the Table (1). In the second
season (2010/2011), the F1 plants were
selfed to produce F2 grains. In 2011/2012
growing seasons, the obtained materials F1,
F2 and the parental genotypes were sown.
Twenty random F2 plants were crossed, as
males, back to its respective parents P1, P2
and F1 (P1 x P2) to produce L1i (P1 x F2i),
L2i (P2 x F2i) and L3i (F1i x F2i)
respectively. In 2012/2013 growing season,
the sixty families (L1 (20) + L2 (20) + L3
(20)) were sown in a randomized complete
block design with three replicates.

Each replication consisted of 60 rows.
Row length was 2 m with 30 cm apart and
plant to plant spacing was 10 cm. Data were
recorded using ten random plants from each
family in each replication for number of days
to heading, flag leaf area, number of days to
maturity, number of spikes per plant, plant
height, main spike length, number of
spikelets per main spike, number of kernels
per main spike, main spike yield, grain yield
per plant and 1000- kernels weight.

Biometrical analysis:

Before proceeding to analysis, the
families subjected firstly to the conventional
one way analysis of variance for the L1i, L2i,
L3i sets of families for every trait separately
outlined by Kearsey,M. and H.S. Pooni
(1996). This analysis provides a test for the
significance between families terms. Test of
epistasis were carried out according to
Kearsey and Jinks (1968), Jinks et al. (1969)
and Jinks and Perkins (1970).

The mean squares for deviations ( L, *
L_- 271 ) was used for detection of
2i h

dominance and dominance x dominance
gene interactions. The estimation of additive
(D) and dominance (H) genetic components
and the correlation coefficient (r) between

sums ( L. + L, + L,) and differences

( L“ - in) were obtained to detect the

direction of dominance, according to Jinks
and Perkins (1970). Average degree of
dominance was calculated as the formula
(H/D) 2, where H and D are the dominance
and  additive variance  components
respectively. Also, the F value was
computed from the covariance of sums /
differences which equal to (-1/8F), where F
is the association dispersion of dominant
alleles in the parental lines, having a
maximum value of 1 if all the dominant
alleles are associated in P1 and having a
minimum value -1 if all dominant genes are
in Pa.

The proportion of superior inbreds, that
outperform their parental range, is equal to
the normal probability integral corresponding
to the value [d] /Y D while, the range of
inbred lines is m + 2V D . The [m] and [d]
values derived from the expectations of TTC
families were, m = L, and [d] = _L_l -
"L, (inks and Ponni, 1976). The
proportions of recombinant lines
corresponding to the probability level were
obtained using Fisher and Yates (1963)
Tables.

Epistasis, additive and dominance
correlation coefficients were computed from

(L, + L,- 2L, (L,

2 o L+ L,) and ( Ly - Ly)
epistasis. The overall epistasis was respectivel
partitioned into (i) type of epistasis (additive P Y.
x additive) and (i + j) type due to additive x
Table (1): The names, pedigree and origin of the parental genotypes.
Name Pedigree Origin
Gemmeiza 11 BOW"S"/KVZ"S"//7TC/SERIB2/3/GIZA168/SAKHAB1 Eavot
GM7892-2GM-1GM-2GM-1GM-0GM 9P
Line 1 Sakha 93 /Sids 6 Eqyot
CGZ (16) 3GM-2 GM-OGM o
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RESULTS AND DISCUSSION

The mean squares of the analysis of
variance (Table 2) revealed significant and
highly significant differences among triple
test cross (T.T.C) families for all the traits
studied indicating that L1i, L2i and L3i T.T.C
families were significantly different from
each other , providing evidence for adequate
amount of genetic variability and assured
the variability between parents. Likewise,
the results indicated that L1i, L2i and L3i
families were significantly different from
each other in most studied traits confirming
the presence of high amount of genetic
variability which could be assessed by
means of triple test cross analysis. These
results are in generally agreed with those
obtained by Menshawy (2008) , El-Nahas,
Marwa (2010) and Morad (2012).

The average performance of L, , L2

and I_,3 TTC families for all traits are given

in Table (3). The data revealed that mean of
back crosses exhibited significant
differences for most traits studied.

Test of epistasis:

The comparison ( L . + LZi— 2 L)
was used by kearsy and Jinks (1968) and
Jinks and Perkins (1970) as a test for
epistasis (Table 4). The data revealed
highly significant overall epistasis for all
traits studied indicated the important role of
epistasis in the control of these traits. These
result are similar to those reported by Sadat
and Sokhansanj (2004) , Hendawy et al,
(2009) and Morad (2012).

Further partitioning of epistasis to its
component parts revealed that (i) type of
epistasis (additive x additive) was found to
be significant and highly significant for most
traits studied except plant height, main spike
length, number of spikelets per main spike
and kernels per spike These results
indicated the importance of (i) type of
epistasis in the inheritance of these traits.
Similar results were reported by Zaazaa et
al. (2012) and Abd El-Rahman, Magda
(2013).
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The rest type of epistatic components i.e.
additive x dominance and dominance x
dominance (J+ L) types were highly
significant for most traits studied except
number of days to heading indicate that (J+
L) types are not fixable by selection and not
favorable for developing pure lines for these
traits. The (J+ L) types epistasis has also
been found to be less important than (i) type
of epistasis in wheat Eissa (1994 a),
Salama(2007) and Hendawy (2008) .

Generally, The results revealed the
important role of (I) type was much larger in
magnitude than (J + L) type for most traits
studied reflecting the importance of additive
x additive in the genetic system controlling
such traits.

From the results obtained, it has been
concluded that which one of the above traits
an epistatic component plays an important
role. Epistasis cannot therefore be ignored
when plant breeders are planning breeding
programs to improve these traits in wheat.
Therefore, the fixable components of
epistasis (i) type could be easily exploited in
developing homozygous germplasm by
standard  hybridization and selection
procedures in early segregating generations
would be effective to improve these traits.
The rest types of epistasis i.e. (J) and (L)
are not fixable by selection in self-pollinated
crops such as wheat, and therefore are not
useful for developing pure line cultivars.
They may be useful in the development of
hybrids. Therefore, population improvement
through pedigree method might be giving a
good response for releasing genotypes

Eissa (1994b), Salama (2007) and
Farshadfar, et al. (2008).
Detection and estimation of

additive and dominance genetic
variance components

The analysis of variance for sums (L | +
L, +L,) and differences (L, -L,) are
presented in Table (5). The results revealed
that mean square estimates due to sums
were found to be significant and highly

significant for all traits studied except main
spike length and number of spikelets per
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main spike. The mean square estimates due
to differences were detected to be significant
and highly significant for all traits studied
except number of days to maturity, main
spike length, number of spikelets per main
spike and number of kernels per main spike.

These results would indicate that both
additive and dominance genetic variance
appeared to predominantly affect all traits
measured. Consequently, it could be
concluded that selection procedures based
on the accumulation of additive effects
would be successful in improving all traits
studied. However, to maximize selection
advance, procedures which are known to be
effective in shifting gene frequency when
both additive and non-additive genetic
variances are involved would be preferred.
The same results were also obtained by El —
Nahas, Marawa (2005), Esmail (2007) ,
Hendawy et al., (2009) and Koumber (2011).

The estimates of genetic components of
variations are given in Table (6).The additive
genetic variances (D) was found to be much
larger in magnitudes than the dominance
genetic variance (H) for number of days to
maturity, number of spikes per plant,
number of kernels per main spike, grain
yield per plant and 1000- kernels weight and
that resulted in (H/D)* to be less than one
confirming that these traits were influenced
predominantly by the additivity of the genes
and also the role of partial dominance in the
inheritance of these ftraits. Whereas, the
remaining traits the dominance genetic
variance (H) was found to be larger in
magnitudes than the additive genetic
variance and that resulted in (H/D)* to be
more than unity confirming the role of the
overdominance in the inheritance of these
traits . In this regard, El-Massry (2009) and
El-Nahas, Marwa (2010).

The direction of dominance and types of
genes exhibiting dominance are presented
in Table (6). The results showed that the (F")
value was found to be significant (positive or
negative) as (r) values indicated for number
of days to maturity and flag leaf area
revealing that the dominance was
unidirectional among parents. On the other
hand, the remaining traits have insignificant
(F") values and positive or negative,
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reflecting ambidirectional dominance. Eissa
(1994 a), Salama (2007) and Menshawy
(2008) obtained similar conclusion.

It can be concluded that the additive,
dominance and epistatic components are
important in wheat but as it is an
autogamous plant, only the additive
component is important to develop pure
breeding varieties from any hybridization
program. While, additive x additive epistatic
type coupled with additive genetic variance
were found to be preponderant for all traits
except plant height, main spike length,
number of spikelets per main spike and
number of kernels per main spike indicating
the possible improvement of these traits
through standard hybridization and selection
in early generations. If the rest type of
epistasis (J+L) types is predominant this,
biparental matings may be attempted in F2
and subsequent generations and selection
may be postponed till late generation to
allow sufficient epistasis to get fixed.

Generally, the results obtained here
would indicate that epistasis is an integral
component of the genetic variance for
mostly traits studied and hence detection,
estimation and consideration of epistasis is
important for the formulation of breeding
program to improve wheat population for
such traits. If epistasis is ignored no precise
conclusion can be drawn about the relative
importance of the other component of
genetic variation, additive and dominance,
where such estimation of additive and
dominance wouid be biased by epistasis to
unknown extent as in the present materials
(Sood and Dawa, 1999).

Prediction of superior recombinants:

Triple test cross is one of the most useful
sources for such information to make
prediction of new recombinants lines. These
informations will allow predictions of the
proportion of inbreds which as good as or
superior to better parent or F1 hybrid. The
results of such proportions for traits studied
are given in Table (7). The results revealed
that it could be feasible to predict as early as
possible for transgressive segregants and
the highest proportions of recombinants
which outperform parental range for number



Dawwam, et al.,

Z9°G) 10') 60°C5-1.29 rAW] 69C ev'LS 1yb1am sjauiey -000L
Syve or0 66'SZ- 1985 L¥'99 IT¢€ oezy jueyd Jad plaif urelo
122 vl €Le-€5P ZLo 0b'0 €8¢ piaik ajids uieiy
GL'S £9'L GG'/9-€L°/8 Ly'ST ¥Z'8 p9/L | ids ulew Jad sjaulay JO JaquINN
000 128 €2'62-609C 600 8.1 99'GZ | jids uiew Jad sjajedids Jo JaquINN
000 508 BV EL - 6E VL S00 08’} v6'el ubua) axids uley
ob'LL G6°0 16801 - G0'9L1 6L€ 691 8r'ZLlL Wby ueid
ervy 10 78'L-9291) o'y 0€0 vo'ZL Jueld Jad sayids Jo JaquinN
LG Op ZAY 69°€Pl - €2°0G) 19T ovo 96'9¥1 Aunjew o} sfep jo JoquinN
£'8C 150 0L°Gy-8vv. €L'1S eLy 60°09 ease jes) bej4
98'Gl 00’} 69'V6- 1626 G590 18°0 0€£'96 Buipeay o} sAep o JoquinN

% 8buel” STEN

_.w“w__mamwmﬂﬁo Aungeqoid spaiqui jo abuey (@) (p) (w)
Jo uoigodouad sigjaweled
"palpn}s sjies)

ay} 10} abueu |ejuased 11aYy) apiISInNo |jej 0) pajoadxa spaiqul jo uoiuodosd ay) pue saulj pasqu; jo abues ay) Bunoipaid (z) 9siqel

‘AjoAoadsal ‘Ajiigeqould Jo sjaAd| L0 pue G0'0 e Jueoyubig ,, ‘.

910 GE0- L0 100 100 820 9L°0- | ZLO | 2G50 « 250 £e0- 1
6L9¢- | czvae | ¥8°0- | 008 | 020 | 6€¢ | 0S¥l | ¥L'8 | .806GC | .bS8LG- L6 d

€60 6.0 85| 8v°0 GZ'L- | 8T GL'l 850 6v°0 €0'} gLl solQ/H)

219 YA, LE0 £6'G 10°0- 800 gy | evl 850 6Y'vS £8°0 H

Ay 199 210 | Ivse G500 S0°0 6L°€E oF b 19T €LLS 690 a

. sjusuodwion
(6) (6) (6) jids oypds (wo) (un) ued (skep) (skep)

JyGrom Pk | uew.ad | uewsad | ybuey Jod Aunjew (zwo) Buipeay
Sjouey ed Jod oids sjowey | sioedids | oyids Wby soydsjo| ©Qpshep eale 0} sfep

o001 |PPAYBIDN el lio mquinnfiosequiny| uwew | MO [equin| josequny | seetbeis | josequiny

spes|

"paipn}s s)iel |je Joj () sasuaiaylp
pue SWNs UddM)oq 9oUBLBAOD pue .., (Q/H) @dueujwop jo aaibap ‘sjusuodwod (H) ddueuiwop ‘(a) aARIppe Jo sajeun)sy :(9) ajqel

438



Utilization of triple test cross in bread wheat f2 populations. 1- Predicting of.........

of spikes per plant (44.43%), followed by
number of days to maturity (40.51%), grain
yield per plant (34.45%), flag leaf area
(28.43%) and plant height (17.10%). In this
regard Menshawy (2008) recorded highest
proportions of recombinants for grain yield
per plant (47.6 %) followed by 100-kernels
weight (47.2 %) and number of kernels per
spike.

These results revealing that this cross
exhibited fair amount of genetic variability
and considered valuable further breeding
studies aiming to improve yield traits. The
obtained high proportion could be explained
that the wheat genotypes studied have
common genetic pool, and the prevalence of
additive gene effects for most traits studied
refer that, selection imposed for the traits
studied was to intermediate performance.

Generally, it could be concluded from the
prediction results that the breeder should
give a great emphasis to the promising
cross are the most frequent ones and having
high values for new recombinants for yield,
therefore, the breeder should pay great
emphasis for considering these promising
cross in wheat breeding program.

Genetic correlation

The kind of relationships, which may
occur among characters, is important for
selection breeding programs. Partitioning of
the total genetic correlation to its
components of epistasis, additive and
dominance genetic correlations illustrated in
Table (8). The results obtained provide
evidence for positive and significant
correlation between epistatic gene effects
controlling between number of spikelets per
main spike and main spike length, between
number of kernels per main spike and main
spike length, between main spike yield and
each of main spike length and number of
kernels per main spike, between grain yield
per plant and each of number of spikes per
plant, main spike length and number of
kernels per main spike. On the other side,
significant negative epistasis correlation
between number of spikelets per main spike
and plant height.
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Concerning the  additive  genetic
correlations indicated positive and significant
additive correlation between flag leaf area
and number of days to heading , between
number of spikes per plant and number of
days to maturity, between main spike length
and plant height, between number of
spikelets per main spike and main spike
length , between number of kernels per main
spike with those of number of days to
maturity, plant height, main spike length,
between main spike yield with those of main
spike length , number of spikelets per main
spike and number of kernels per main spike
, between grain yield per plant with those of
number of days to maturity , number of
spikes per plant, number of spikelets per
main spike, number of kernels per main
spike and main spike yield. On the contrary,
it was found negative and significant additive
genetic correlation between plant height and
flag leaf area, between 1000-kernels weight
with those of no of days to heading and flag
leaf area.

Regarding dominance genetic correlation
the results indicated positive and significant
correlation  between dominant genes
controlling number of spikelets per main
spike and main spike length , between
number of kernels per main spike and each
of main spike length and number of spikelets
per main spike, between main spike yield
and each of main spike length and number
of kernels per main spike , grain yield per
plant and each of number of days to maturity
and main spike yield , between 1000-kernels
weight and each of main spike yield and
grain yield per plant . On the other hand, the
results revealed significant negative
dominance correlation between number of
days to maturity and number of days to
heading. Similar conclusion were obtained
by Eissa {1994c), Salama (2007) and Morad
(2012) using triple test cross in wheat.

Results of genetic correlation generally
revealed the presence of significant additive,
dominance and epistatic genetic correlations
among some traits. Meanwhile, the great
part of traits showed non-significant genetic
correlations and confirmed that T.T.C mating
system was useful in break up undesirable
linkage to obtain new recombinant lines. In
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this regard, Menshawy (2008) and Morad
(2012) reported the efficiency of triple test
cross for obtaining new recombinant lines in
wheat.

Generally, the results of genetic
correlations revealed that additive and
dominance gene effects controlling yield and
its components were significantly associated
with each other, suggesting common genetic
pool, pleiotropy or linkage. Since additive
genes is a fixable type, therefore, selection
based on such type may indicate that
indirect selection via, main spike length,
number of kernels per main spike, number
of spikes per plant and 1000-kernels weight
would be effective in improving grain yield
and enhance its importance as selection
criteria.
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