Zagazig ). Agric. Res., Vol. 34 No .(6) 2007 1021-1038

DETECTING EPISTASIS, GENETIC CORRELATIONS
AND NEW RECOMBINANT LINES FOR GRAIN
YIELD AND ITS COMPONENTS IN BREAD
WHEAT (Triticum aestivum L.) USING
TRIPLE TEST CROSS ANALYSIS

Salama, S.M.
Central Lab. for Design and Statistical Anal. Res., A.R.C.,
Giza, Egypt
Accepted 6/ 8/2007

ABSTRACT: In two crosses of bread wheat (Sakha 93 x
Gemmeiza 7 and Giza 168 x Gemmeiza 9) triple test cross analysis
was applied to study gene action, genetic correlations and
predicating of new recombinant lines for days to heading, plant
height, flag leaf area, number of spikes/plant, number of
grains/spike, 1000-grain weight, spike grain weight and grain yield
/plant. Results revealed that epistatic genc cffects played an
important role in the genetic system for the studied characters for
the two crosses. The types of epistasis (additive x additive, additive x
dominance and dominance x dominance were significant for all
studied characters. Both additive and dominance genetic components
were significant and involved in the genetic system for most
characters in both crosses. The average degree of dominance was in
the range of overdominance for number of spikes/plant in the first
cross and spike grain weight for the second cross. While for the
remaining characters, additive gene effects were more pronunced.
The (F) value was positive and significant for 1000-grain weight in
two crosses, suggesting that dominant genes controlled these
characters were unidirectinal. The highest proportion of inbreds
excepted to outperform parental range in cross 1 for days to heading
and flag leaf area. Epistasis, additive and dominance genetic
correlations indicated that possitive and significant epistasis, additive
and dominance genctic correlation were obtained between grain
vield/plant with number of spikes/plant, number of grains/spike and
1000 grain weight in both crosses.
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INTRODUCTION

Choice of the most effictent
breeding methodology mainly
depend upon the type of gene
action controlling the genetic
variation. Therefore, unambiguous
tests of the genetic components
help the breeder for rightful
decision making about the most
effective breeding method to be
applied. The knowledge of genetic
correlation which occurs between
characters helps the breeder to
improve the efficiency of selection
by using favourable combination
of characters and to minimize the
retarding effect of negative
correlations. The triple test cross
analysis (Kearsey and Jinks, 1968)
the unique design providing
unambiguous test for epistasis,
detect and estimates the additive
and dominance genetic
components. Using triple test cross
analysis of wheat by Ketata et al.
(1976), Singh and Singh (1976)
indicated the importance of
additive, dominance and epistasis
gene effects in the inheritance of
yield and its components in wheat.
The results of Nanda et al. {1983),
Igbal Singh et al. (1989), Eissa
(1994 a, b and c¢) reported
significant epistasis for grain
weight/spike and grain yield/plant.
The epistasis was mainly due to
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additive x additive type of epistasis
for these characters.. Triple test
cross analysis in wheat was used
by Singh 1989, Katiyar and
Ziauddin (1996). They indicated
that additive and dominance gene
effects played the great role in the
inheritance of grain yield/plant.
The genetic correlations between
yield ‘and yield attributes were
reported by FEissa (1994 c); Al-
Kaddoussi (1996) and Salama et
al. (2006). They indicated  the
presence of genetic correlation
between grain yield / plant and
1000-grain weight in wheat.

MATERIALS AND
METHODS

The present investigation
was carried out at Tag El-Ezz
Research  Station, Agriculture
Rescarch  Center during four
successive winter seasons, from
2003 to 2007. The starting
materials for triple test cross was
the F| and their grand parents (P,
and P,) the two studied wheat
crosses. The first cross Sakha 93 x
Gemmeiza 7 and the second cross
was Giza 168 x Gemmeiza 9. The
F1’s were selfed to produce Fi's

grains. The obtained materials
(Fi’s grains and F,’s grains)
together with the  parental

genotypes were sown to produce
Fy’s and Fy’s plants. Thrity
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individual F; plants were randomly
labeled from each cross and
crossed back to their grand parents
(P, and P,) and F; between them fo
produce three types of families L,
(Fai x Pyi), La (Fai x P2;) and L3 (Fy
x F);) in each cross. The triple test
cross families (L;, L and L3)
together with parents, Fy and F» in
each cross were sown on 10™
November = 2006 wusing a
randomized complete block design
with three replications. Row length
was 3m with 20 cm apart. Plant to
plant spacing was 10 c¢m. Data
were recorded on ten arandomand
competitive plants from each
family in each replication for days
to heading (day), plant height {cm)
flag leaf area (cm)’, number of
spikes/plant, number of
grains/spike, 1000-grain weight
{g.), spike grain weight (g.) and
grain yield / plant (g.).
Biometrical Analysis

Before proceeding to the
biometrical analysis the obtained
data were statistically analysed
using the conventional two way
analysis of variance. The triple test
cross . analysis was carried out
according to Kearsey and Jinks,
(1968) and Jinks and Perkins,
(1970). Before proceeding to
biometrical analysis the analysis of
variance for (L, L, Ls) as well as
(L, L;) types of familes was
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carried out separately to obtain the
error variance for testing epistasis,
additive and dominance gene
effects.
Test for epistasis
For test of epistasis thirty

~values of (Ly; + Ly — 2Lz). I=1 to

30 with 30 degrees of freedom was
used to test for ovarall epistasis.
The item epistasis was partitioned
into an item by one degree of
freedom, testing for J and L types

of cpistasis (dominance x
domjnance and additive x
dominance).
Detecting additive genetic
variation

The variance component of
(Lii + Ly + L3j) is used to detect
and estimate the presence of
additive component variance .
Detecting North  Carolina
Desgin (N.C.N) additive”
The variance component of
(Ly; + Ly;) is employed to detect
the additive genetic components
according to Comostock and
Robinson (1952).
Detecting
variantion
The variance component of
(Li-L2) is used to test for the
presence of dominance variance.
Estimation of the genetic
components of variation
The estimation of D and H
components were obtained

dominance
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according to Jinks and Perkins
(1970). The  direction  of
dominance (F) was completed
from the covarince of sums (Lyj; +
Ly) / differences (Li; — Lp;i) which

aqual to - 1% F. The correlation

coefficient of sums/differences
was used to test the significancy of
“F* value (Jinks ef al., 1969).
Predicting the preperties of
recombinant lines
The method were applied
according (Jinks and Pooni 1976),
Pooni and Jinks (1978), Toledo ef
al. (1984) and Hayward et di.
(1993).
Genetic correlations
The means of triple fest
cross families in each character
were computed and used to
calculate the following simple
genetic correlations, epistatic (L
+ La; — 2L3;), dominance (Ly; — Ly;)
and additive (L;; + Ly + L3
[(Kearsy and Jinks, (1968) and

Kearsey et al., (1987)].
RESULTS AND
DISCUSSION
Mean squares of the

analysis of variance Table 1

revealed  significant  different

between families in terms of all
characters for the two wheat
crosses. These results might be
suggested that Ly;, Lp; and Ly; triple
test Cross families were
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significantly different from each
other, revealing presence of fair
amount of genetic variability
which could be assessed by means
of triple test cross analysis.
Test for epistasis

Mean squares for epistasis
Table 2 provide evidence for
significant overall epistasis for all
studied characters in two crosses.
In this respect similar results were
reported by Nanda ef al. (1983)
and Igbal, Singh et al (1989).
When the overall epistasis was
partitioned to 1 type additive x
additive, additive x dominance,
and dominance x dominance (J +
L) type, results indicated
significance, of both types for all
studied characters. The important
role of (I) type epistasis was much
larger in magnitude than the (I)
and (L) type for most studied
characters, revealing the important
role of (I) type (additive x
additive) in the genetic control of
these characters. Standard
bybridization  and = selection
procedures could take advantage of
epistasis if this additive type are
present. Therefore, selection in
early segregating generation would
be effective to improve these
characters. In this respect (Eissa
1994, and Igpal Singh ef al., 1989)
found similar results. The type of
epistasis (J + L) are not fixable by



Table 1. Mean squares of the analysis of variance (L;, L; and L3) and (L; and L,) sets of

triple test cross families for the studied characters in two Egyptian wheat crosses

Days to Plant height Flag Leaf Number of Number of 1600-grain Spike grain Grain
Characters heading (day) {em) area (em)? spikes/piant grains/spike weight (g.) weight (g.) yield/piant
{g.m)
Cross Crosg Cross .Cross Cross Cross Cross .Cross
D.F 1 2 1 2 1 2 1 1 1 2 1 2 1 1 1 2
o . an . P - . . e . . " . "
Between (Ly, La, 89 12360 11710 16856 15340 8651 12364 1334 00T %631 BSH 11643 12165 0.0 0199 TS0 .36t
L) within
families
Within families 2430 0210 9302 0641 0421 0350 0614 0162 0048 0530  €.40f 0652 084 0010 0014 asdl  es1E
replicates
o s e . . o o . . . . . . "
Between (Ly, Ly} 59 9.62 9.841 14633 2918 9,932 13.264 1.531 1.482 9.911 7.562 £.754 £.936 0231 0179 8174 7.533
Families
Within Families 1620 0321 0.340 0.710 0.653 0.412 0.963 0113 0.207 0478 0.602 0.690 0.708 5,013 0,012 0.591 0,793

within replicates
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Table 2. Mean squares for testing of epistasis (L, + L, — 2L3) in the studied wheat crosses for

the studied characters

Mean Squares
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Days to Plant height Flag Leaf Number of Number of 1000-grain Spike grain Grain
Characters heading (day) {em}) area (cm)’ spikes/plant grains/spike weight (g.) weight (2.) yield/plant
(g-m)
Cross Cross Cross Cross Cross Cross Cross Cross
D.F 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2
Epistasis o rn m m o e re) v wh o . 3 o m iy i
{Lj*+ Ly- 2L3) 30 13.501 16852 17.993 2158 5.693 4821 6,532 4.824 6993 11253 19.657 17883  0.235 0272 5491 5001
families
Overall
- e an . . v . " an " n n .- . an '
(D) Type 1 27962 39311 5LS6L 4TS 26660 19481 20775 16642 13521 46362 SS381 35862 0.665 0.819 7617 6.852
M "n n P . e " . . . . . “ " " "
J+ L types b 13.00 16077 16801 20688 497 4315 5192 4.416 6.42 10025 18425 11359 0.0 0.253 5417 4.937
Within 2430 0.210 0.302 0.641 0.482 0350 0.614 0,162 0.148 a.530 0.401 ©.652 0.831 0.010 0.014 0.641 0512
. Families
" Within
replicates
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selection and would hence not
favourable for developing pure line

cultivars. Therefore, population
improvement through pedigree
method might given a good

response {(Jensen, 1970).

Detection and estimation of
additive, dominance, and
genetic components
Analysis of variance for
sums Ly + Ly + Ly and L| — L,
Table 3 indicated that the
additive genetic variances were
significant for all  studied
characters in two methods of
estimates geneaction of additive.
The analysis of variance for
differences (L;; — Lz) Table 3
indicated that the dominance
genetic variance was significant
for all studied characters. These
results provide evidence for the
presence  of  additive  and
dominance genetic system
controlling the studied characters
in these crosses. Similar results
were obtained by Singh and Singh
(1976), Eissa (1994 a), Al-
Kaddoussi (1996) and Salama et a/
(2006).
The estimates of additive
(D), dominance (H) and direction
of dominance (F) shown in Table
4, indicated that the magnitude of
the dominance components were
larger than the corresponding

generations.
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additive one for number of spikes/
plant (1% cross) and 1000-grain
weight for both crosses resulting in
(L/D)Y° more than onme and

confirming the role of
overdominance gene effects in the
genetic  control  for  these

characters, whereas, the remaining
characters, the additive gene
effects was found characters the
additive gene effects was found to
be the predominant type similar to
these found by (Eissa 1994a and
Salama ef al., 2006).

The (F) value were positive
and significant for 1000-grain
weight in both crosses, explaining
that dominance seemed to be
acting in one direction. The
remaining characters possessed
dominance was ambidirectional,
the F value was insignificant.

Predicting the propertics of
new recombinant lines
The aim of many selfing
programmes is to  produce
recombninant inbread lines to be
used directly or in producing I,
hybrid or multiple cross hybrid.
Such inbreds can be extracted by
breeding methods. All these
methods are slow and labour. To
overcome these problems
predicting can be made from
observations made on the early
Prediction  results



Table 3. Mean squares of the analysis additive (L; + L, + L) and N.C.M (L; + L;) and

dominance (L; — L;) of two wheat crosses for the studied characters
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Days to hending Plant height Flag Leaf area Number of Number of 1000-grain Spike grain Grain
Characters {day} (cm} (cm)® spikes/plant grains/spike weight (g.) weight (g.) yield/piant
(g-m)
Cross Cross Cross Cross Cross Cross Cross Cross
Item b.r 1 2 L B 2 1 2 1 2 1 2 1 2 1 2 1 2
LEJ R LEJ aw ek L] "k L1 L] L1 L] *h L] *h L1 EL]
Additive : {
29 9.226 8.512 13.251 12422 6566 7819 1002 1.7 742 6321 9.z01 2.518 0172 0,153 52061 4.00
(Latl;+Ly)
families
Within families
With 2430 0210 0302 0641 G482 0.350 05614 0.162 D.148 0.530 0.401 0.652 083 a.010 0.014 .64 8512
ithin
replicates
N.CM. additive
L} L] w L3 AN L1 AR *A [T} i3] *A L1 AR -k [ e
Ly+L, Between
. 29 6.821 6.314 9,220 B.134 4,513 5.248 0.852 1361 5.348 4.793 7.301 6959 0.140 8.139 3.676 3.003
(Ly+L;) Families
Within Families
" 1610 9221 0.340 0.7 0.653 0412 0.963 D.113 9297 0.410 0.602 0690 0,708 9013 o012 0.5%1 0.793
within
replicates
Dominance ae . . - P e " . e e o . e e - 4.
{Ls-L;) Between
il 3656 3412 6.991 4823 3.517 4.232 @721 0.929 4.656 3.143 5.8 4.947 0111 6132 3.050 3.026
(Li-Ly) Famtilies
Within Families .
1630 0.221 0.340 0,750 0653 . 0412 963 0113 0207 0473 0.602 0650 0.708 0813 0.012 0,59 8,793
Within
replicates
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Table 4. Estimates of additive (D) dominance (H) and direction of dominance (F) in two

wheat crosses for the studied characters

Days to heading ~ Plant height {cm) Fiag Leafl Number of Number of 1000-grain weight Spike grain Graii yield
ch (day) area (cm)* spikes/plant grains/spike weight {g.) fplant (g.)
ar. )
Cross Cross Cross Cross Cross Cross Cross Cross

Param, 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2
D 2.404 2189 3362 3184 1.658 1.937 0124 €422 1.837 1.579 2279 2314 0043 0.039 1.218 0.930
H 2138 1129 2512 1668 1242 1308 0271 0.289 167 1.016 1727 1,695 0.039 0048 0.984 0893
(UMDY 0943 0,749 0.864 0,723 0,868 0.521 t.100 D.528 0.953 0.802 [E3) 0.732 0952 1.189 0899 0.980

e . P " . “
F -165.231 9192 1431 19032 16360 14982 96832 BSTI? 53,506 163.615 151.933 140,687 0.301 0.226 5824 6.697
r.sums/di 0.438 0752 -0.808 0971 0162 02263 014 -0.012 0.002 ~0.079 0.386 0.651 0.038 0.057  0.039 D177
ferences

VL1711 74
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given in Table 5 revealed that it
could be feasible to predict as early
as possible for transgressive
segregants  which  outperform
parental range for dayes to heading
and flag leaf area in cross 1, expect
to throw reasonable proportion of
recombinant lines that outperform
parental range. In this respect Eissa
and Awaad (1993) and Al-
Kaddussi (1997), The highest
proportion of recombinant lines in
cross 2 were obtained for grain
yield / plant (46.812).
Genetic correlation

Separation out the genetic
correlation to its components of
epistasis, additive, and dominance
were computed for all studied
characters. Epistasis (rE) genetic
correlation Table 6 indicated that
positive and significant correlation
between flag leaf area with number
of grains / spike, 1000-grain
weight and grain yield/plant on the
other hand were found in cross 1;
Flag leaf area and 1000 - grain
weight in cross 2, and between
number of grains/spike and grain
and grain yield/plant for both
crosses, between number of
grains/spike with spike grain
weight and grain yield / plant for
both crosses. At the same time,
between 1000-grain weight and
grain yield / plant for both crosses
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and between spike grain weight
and grain yield/plant for cross 2.

Additive  (rA)  genetic
correlation Table 7 revealed that
the additive genes effects of flag
leaf - area were significantly
correlated with those controlled
1000-grain weight in both crosses;
number of spikes / plant with grain
yield/plant for both crosses; 1000- -
grain weight and for spike grain
weight and grain yield/plant in
both crosses, between spike grain
weight and grain yield/plant in
both crosses.

The  dominance  (rD)
genetic  correlation  Table 8
indicated that possitive and
significant correlation between
dominance genes controlling 1000-
grain weight with spike grain
weight in cross 2 and between
grain yield/plant with those of flag
leaf for cross 2; number of spikes /
plant, number of grains/spike,
1000-grain weight for both crosses
and grain yield/plant in cross 1.
Results of genetic correlation,
generally, revealed the presence of
significant additive and dominance
genetic correlations for yield and
its contributing characters. These
result is expected, since yield
is the and product of its
components  characters.  Such
genetic correlation may be due
t0 a common genetic control,



Table 5. Predicting of range of inberd lines and the proportion of inberds expected to fall

outside their parental range for studied characters

B Proporti
Cross L, (,},) (Li-Ly)  (Li+Ly+L3) Range of inberds Probability P max "eyele u!:l of
Characters No. (d) D) m 2 J’D_" d[d) D ety J_ fF fF-F; l?ﬂ;:i:‘dgs
[
) e g
range%
Days to 1 98.662 -3.616 2404 101.762 95.561 2.333 111.371 2.748 99.03
heading 2 94.523 -4.512 2.1389 97.481 91,565 3.051 133.227 4127 11.442
(day) :
Plant height 1 96.651 -5.302 3.363 106319 92,983 3.001 121.728 1.087 13.499
(cm) 2 91.388 -5.383 3.184 94.956 8782 3.017 137.412 2.599 13.062
Flage Jeaf ! 44293 -2.110 1.658 46.869 41717 1.638 54977 2495 51.55
area
(cm)? 2 38.951 1.718 1.937 41.733 36.169 1235 50.382 2.507 10.935
Number of 1 7.813 0.261 0.224 8.759 6.867 0.351 8.033 1.209 29.116
spikes/plant 2 8.291 0.314 0.422 9.590 6.991 0.483 11.487 1.430 31.561
Number of 1 52.323 1.253 1.837 55.025 49,621 0.927 61.012 5.086 17.879
grains/spike 2 49,141 2,748 1.579 51.655 46,627 2.186 71.138 7.783 14.629
1000-grain 1 42.530 0.763 2.279 45.556 39.510 0.505 51.888 5.581 30.854
weight (g.) 2 40.515 1.239 2314 43.557 37473 0.814 57.346 6.000 20.897
Spike grain 1 2.293 -0.042 0.043 2.707 1.879 0.203 2717 2.893 42.074
weight {g.) 2 2.268 0.110 0.039 2.662 1.874 0.558 2.606 1.926 29.116
Grain 1 17.533 0.417 1.218 19.741 15.325 0.378 20.864 3.734 35.569
2 16.558 0.083 0.930 18.487 14.63 0.086 17.742 3421 456812

yield/plant

200 (9) ON F£ Jo7 “say duSy f SrzeSey

1¢01



Salama, S.M.

1932

Table 6. Epistatic (rE) genetic correlation (L; + L, — 2L;) of the two studied Egyptian wheat

crosses for the studied characters

Dayes to Plant Flag leaf Numberof  Number 1000- Spike Grain
Characters heading height are:; spikes/ of g::ainsl i:?gi::t ﬁ:?glll:t yield/plant
(day) (cm) (Cm") plant spike .y @ ()
Cross 1 2 3 4 5 6 7 8

(1) 1 - -0.231 -0.361 -0.341 -0.4006* -0.465% -0.095 -0.221

2 - ~0.322 -0.422% -0.223 0.061 -0,651%%  -0.022 0.013
2) i - -0.011 -0.036 0.252 0.267 -0.205 0.401*

2 - -0.023 -0.314 0.172 0.319 0.007 0.253
3 1 - -0.001 - 0.426% 0.718** 0.064 0.506**

2 - 0,152 0.359 0.506** 0.005 0.314
4 1 - -0.161 -0.314 -0.209 0.491**

2 - -0.265 -0.097 0311 T 0.652**
3] i - -0.651%*%  0.427* 0.391*

2 - -0.301 0.415*% 0.474%
(6) 1 - 0.208 0.506**

2 - 0.301 0.771**
) 1 - -0.301 -

2 - 0.453%+*
®) 1 -

2




Table 7. Additive (rA) genetie correlation (L, + L; + L;) of the two studied Egyptian wheat

crosses for the studied characters

Dayes to Plant Flag leaf  Number of Number 1000- Spike Grain -
Characters heading height areg splikesl of gr.ains/ vgv:iaglll:t visgil’:t yield/plant
(day) (cm) (Cm") plant spike @) P (g.)
Cross 1 2 3 4 5 6 7 8

(1) 1 - -0.010 -0.251 -0.005 -0.617 -0.056 6.219 0015

2 - 0.037 . -0.118 -0.082 -0.311 -0.028 . 0.282 0.208
2) 1 - 0.255 -0.190 0.070 -0.051 -0.026 0.172

2 - 0310 - 0.2067 0.082 -0.023 0,038 0.253
) 1 - -0.182 -0.035 0.394* 0.503 0.251

2 - -0.177 -0.071 0.389* 0.101 0.062
4 1 - -0.262 -0.183 -0.333 0.475%%

2 - -0.178 -0.107 -0.008 0.569%+*
(&) 1 - -0.410 0.517+* 0.610%*

2 - -0.399*  (.482** 0.814%x
(6) 1 - 0.552** 0.581**

2 - 0.463* 0.800**
™ ! - 0.493%*

2 - 0.581**
(8) 1 -

2 -

Z00Z (9)° ON B€ 704 “Soy ISy f SpzeSey

€€0T1
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Table 8. Dominance (rD) genetic correlation (L, - I,) of the two stuadied Egyptian wheat

crosses for the studied characters

Dayes to Plant Flag leaf Number of Number of 1000- Spike Grain
Characters heading height area spikes/ grains/ grain grain yield/piant
(day) (cm) (Cm?) plant spike w:ig)ht “'F;g)ht ()
“Cross 1 2 3 4 5 % 7 "8
m 1 - -0.202 -0.212 -0.152 0.141 -0.075 -0.082 -0.141
2 - -0.010  -0.310 -0.161 " 0.389% -0.011 -0.082 -0.280
@ 1 - -0.151 -0.362 0.516%% 0.016 0.151 0.306
2 - -0.071 -0.216 0.051 0.175 0.260 0.208
&) 1 - 0.361 0.481%* 0.036 0.052 0.462%
2 - 0.265 0.562%* 0.026 0.033 0.582%
4) 1 - -0.262 -0.214 -0.252 0.421%
2 - 0.516** -0.142 -0.307 0.651%*
&) 1 - -0.388* -0.262 0.517%*
2 - 0517 -0.361 0.814%*
()] 1 - 0.48]1** 0.461*
2 - 0.211 0.716**
()] 1 - 0.262
2 - 0.311
t1) 1 -
2 -
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pleiotropy or linkage. Thus,
improving efficiency of indirect
selection which could be applied to
improve yield in wheat.
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