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ABSTRACT: The current experiment was carried out to compare REML-based to
ANOVA-based methods (Griffing, Cockerham, Henderson) in estimation of
crossbreeding genetic parameters in chicken experiments. The current experiment
involved a full 4*4 diallel crossing among four Egyptian breeds (Alexandria (AA),
Fayoumi (FF), Matrouh (MM) and Golden Montazah (GG). The studied traits were body
weight at hatch (BWH), body weight at 4 weeks of age (BW4), body weight at 8 weeks
of age (BW8) and body weight at 12 weeks of age (BW12). The general comparison
among models showed the superiority of REML-based method, especially in prediction
ability with significant difference. A close comparison between REML and Griffing
methods showed consistency between both methods with the advantage of accurate
estimation and prediction ability of the REML-based method. The analysis of the
empirical data showed the superiority of the AA line in general combining ability (GCA).
The genotypes of MG, FM and AG showed the highest specific combining ability (SCA)
in the end of the experiment at 12 weeks of age.
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INTRODUCTION
Crossbreeding  between lines  with
different genetic background is mostly
result in progeny with better performance
abilities compared with their parents.
Systematic crossbreeding has been used
successfully within livestock species
(Ragab et al., 2014; Amin, 2015; Okoro
and Mbajiorgu, 2017). A diallel
crossbreeding system is a set of possible
combinations between lines, breeds or
general populations which is used to
evaluate the performance of parents
providing information about the most
promising crosses within a genetic pool
(Jakubec et al., 1987). Using this system in
animal breeding programs facilitates the
evaluation of crossbreeding genetic
parameters Such as combining ability
(general and specific) and heterotic
potential crossbreds resulting of mating
different lines (Clasen et al., 2017). The
diallel  analysis  provides essential
crossbreeding parameters such as heterotic
effects. It also manifests the role of
additive effects and non-additive effects
through the general combining ability
(GCA), and specific combining ability
(SCA), respectively (Vencovsky, 1987).
Genetic effects could be treated as fixed or
random depending on the aim of
estimation. Griffing (1956) proposed four
different experimental methods under
ANOVA framework based on the
performance of the crosses that provides
estimates of general combining ability
(GCA) and specific combining ability
(SCA). Each of these methods has its
peculiar mathematical model of analysis
(fixed, random or mixed), depending on
the study objectives. Setting the
parameters as fixed are the most common
form due to the calculation simplicity
(Resende 1999). However, recent reports
show that the use of mixed linear models
allows obtaining the genetic parameters
and the variance components through the
restricted maximum likelihood (REML).
One advantage of mixed linear models is
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its flexibility which help in aid of selection
bias in selection experiments. Moreover, it
allows for genotype prediction through the
Best Linear Unbiased Prediction (BLUP),
as well as, estimation of fixed effects
(BLUE), simultaneously. These
advantages help  Dbreeders through
providing inferences about the genetic
value (Resende 1999, Resende and Duarte,
2007) and prediction of genetic values of
each individual even if it belongs to not-
performed crosses (Bernardo 1996). As a
result, the bigger the number of genotypes
the larger the information obtained on
combining ability, even on missing
combinations. The use of mixed models
(Panter and Alten 1995) would help in
prediction of the genotypes under different
environments by dealing with the genetic
effects as random effects adjusting them to
the other fixed effects in the model
(\Valério et ., 2009). This would be helpful
in evaluation of genotypes during the
analysis of their performance in breeding
programs under harsh environmental
influence (Falconer and Mackay 1996).
Therefore, the objective of this study was
to evaluate two diallel analysis models,
Griffing’s (fixed) and BLUP (random),
with regard to their combinatory effects
and predicting ability of non-tested groups
for sixteen chicken genotypes consisting a
4x4 diallel crossing.
MATERIALS AND METHODS

birds and management conditions

The current study was conducted at the
Poultry  Research  Center, Poultry
Department, Faculty of Agriculture,
Alexandria University, Egypt. A total
number of 1776 of pedigreed chickens
were obtained from sixteen different
genetic groups by mating four local
Egyptian chickens (Alexandria, Fayoumi,
Matrouh and Golden Montazah) in a full
4*4 diallel crossbreeding system through
five consecutive hatches. The birds were
distributed to sixteen pens in the farm.
Every pen contained 4 sires of each breed
allowing every single sire to mate with
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three females of its own breed and one
female from each of the other three breeds.
Management conditions were similar
throughout the experiment.

Traits

The studied traits were individual body
weight in grams every 4 weeks from hatch
to 12 weeks of age (BWO0, BW4, BW8 and
BW12).

Statistical analysis

All analyses were carried out under R
environment  (version 3.5.1, 2018).
Package Ismeans (Lenth, 2016) was used
to estimate least squares means and their
standard errors for body weight at
different ages from hatch up to 12 weeks
of age according to the following model:
Yik = 4 + Gi + §j + Hk + GSj; + GHik +
SHijk + GHSijk + eigui,

where: Yij = the observation on the
genotype, p = the overall mean, G = the
fixed effect of i genotype, Sj = the fixed
effect of j" sex, Hx = the fixed effect of k™
hatch, GSik, GHij, SHjkx and GHSjx = the
interaction between the fixed effects, and
eigkl = random error.

The package sommer (Covarrubias-
Pazaran, 2016) was used to apply different
diallel crossing models to estimate
crossbreeding parameters and to compare
models for their predicting ability. The
general model included the effects of
genetic group (16 levels), sex (male or
female) and hatch (5 levels). The values of
the common parameters in all models were
compared according to the Tukey test. All
significance tests were based on the 0.05
level.

Two types of models were used to estimate
crossbreeding genetic parameters as
general combining ability (GCA), specific
combining ability (SCA), and reciprocal
effects (RE) of the current experiment.
The first is ANOVA type models which
included three models as

1-Griffing method 1 (Griffing, 1956):

Yij = L+ Qi + gj + Sij + 0rij + &

where

H: general mean
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gi: general combining ability of the i
purebred population

sij: specific combining ability for the
combination i X j

rij: reciprocal effect for the combination i
X])

eij: residual effect

2-Cockerham (1963):

Yij = K+ gi + gj + mj + Sij + orij + €jj
where

M: general mean

gi: general combining ability of the it
purebred population

m;j: maternal effect of the j purebred
population

sij; specific combining ability for the
combination i X j

rij: residual reciprocal effect for the
combination i X j

eij: residual effect

3-Henderson (1948):

M+ (1-8)(ai+pi) + d(a2 + gi + mj + cij +
Fij)+ €

where

l: general mean

ai: effect common to all purebred
populations
a». effect common to all crossbred
populations

pi: effect common to all progeny of a
mating between a dam from the ith line
with a sire

from the i line

gi: general combining ability of the it
purebred population

m;j: maternal effect of the i purebred
population

siji:  specific combining ability for the
combination i x j

rij: residual reciprocal effect for the
combination i X j

eij: residual effect

The second type of models was a REML-
based model as:

y=Xr+Za+ Wf+e,

where: y is the data vector; r is the vector
of replication effects (assumed as fixed)
added to the general mean; a is the vector
of individual additive genetic effects
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(assumed as random); f is the vector of
full-sib line dominance effects (random); e
iIs the wvector of errors or residues
(random), and X, Z and W are incidence
matrices for these effects. The GCA, SCA,
reciprocal effects, and error term were
considered random to allow an estimation
of their variance whilst the effect of batch
was considered fixed to account for some
potential bias induced by carrying out the
experiment in batches. To evaluate the
GCA values of parental lines, BLUPs of
the GCA effects were also computed.
Model comparison
Models were compared according to their
capability in the goodness-of-fit criteria to
the data of body weight of crossbred
chicks. The comparison criteria were
determination coefficient (R?), mean
square error (MSE), Schwarz information
criterion (BIC), and predicting ability (p).
To test the predicting ability of the models,
25% of the records of every genetic group
were masked by setting it as missed.
Correlations between the observed and the
predicted data in the validation set were
used to compare models.

RESULTS AND DISCUSSION
A comparison among all models for their
characteristics are presented in Table 1.
The comparison showed that REML-
based model had similar means to Griffing
and Cokerham models for all traits.
However, Henderson model had slightly
higher values for means for all traits
compared with other models. It also had
the lowest R? and p among the studied
models. The REML-based model showed
the lowest MSE compared with the other
models for all traits. R? values were higher
than 99% for all models in all traits. The
REML-based model scored the highest
values (99.99) in all traits. In addition, the
REML-based model showed the highest
prediction ability (») among all models in
all traits. The differences in p between the
REML-based model and the other models
were significant showing an increased
trend with age advance.
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In the framework of mixed linear model
methodology, the fixed effects are
estimated by the Best Linear Unbiased
Estimator (BLUE) and random effects are
predicted by the Best Linear Unbiased
Prediction (BLUP). A major advantage of
this methodology is its prediction ability
of genetic values of each individual, and
prediction of not-performed or missing
crossbred genotypes (Bernardo 1996). The
methodology depending on treating
genetic effects as random and adjust them
for the fixed effects of the model. It also
has the advantages in designs with high
unbalanced orders. The advantages of this
methodology ~ could  interpret its
consistency and superiority over other
methods.

Spearman’s correlation coefficients (r)
between REML-based and Griffing
models, for the general and specific
combining ability parameters (GCA and
SCA) and reciprocal effects (RE) for body
weight traits are presented in Table 2. It
was observed that the association between
both types of models had a decreasing
trend from hatch age to 12 weeks of age.
All correlation coefficients were high
(>0.9) at all times. However, variation in
values of both types of models did not
show a typical estimation, as can be
observed by the correlation estimates.
Therefore, both models should be
evaluated carefully in the matter of joint
analysis to obtain a more precise estimate.
Estimates of general and specific
combining ability parameters (GCA and
SCA) and reciprocal effects (RE) are
shown in Table 3. GCA estimates were
significant among the purebreds for BW at
different ages. SCA estimates showed the
superiority of the crosses (FG, MG and
FM) for BW4, BW8 and BW12,
respectively. GCA estimates in a
descending order were AA, GG, MM and
then FF showing the superiority of AA
genotype over the other genotypes except
at hatch where AA was ranked second
after GG genotype. The GCA estimates of
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AA and GG were always positive, while
negative estimates were observed for MM
and FF genotypes for BW at all ages. The
ranges of GCA were -2.09t0 1.85, -3.77 to
453, -18.79 to 27.33 and -34.47 to 61.42
for BWH, BW4, BW8 and BW12,
respectively.

The ranges of SCA estimates were -1.06 to
0.53, -2.94 to 6.41, -6.35 to 21.96 and -
21.67 to 4.55 for BWH, BW4, BW8 and
BW12, respectively. There was no
consistent trend of superiority of any
specific genotype along the entire study.
However, it could be observed that the
breed A-sired genotypes (AG and AM)
recorded the lowest SCA in all ages except
at 12 weeks of age compared with the
other  genotypes. Particularly, the
genotype AM showed the least SCA
estimates at the middle phase of growing
at 4 and 8 weeks of age. At the same ages,
the breed-F genotypes represented the
highest SCA as male (AF) or female (FG
and FM) compared with other genotypes.
The ranges of RE were -0.70 to 2.42, -5.97
to 13.70, -16.83 to 24.51 and -49.31 to
39.32 for BWH, BW4, BW8 and BW12,
respectively. An increasing trend of RE
estimates was observed for all genotypes
with age advance. The genotype MF was
superior to all other genotypes at all ages,
while the genotype FA was inferior to all
of them at all ages.

One reason of GCA importance is its
relation to the high efficiency and ease of
selection process. This could be attributed
to prevailing additive effects involved in
the trait expression. The diallel analysis
unveils the role of additive effects through
GCA allows in detection of the desirable
combiner genotypes to exploit heterosis.
Gardner and Eberhardt (1966) defined
GCA as an average performance of a line
in different hybrid combinations. The
estimates of GCA reflect the importance
of additive gene effects of breeds on body
weight at different ages (Afifi et al., 2002).
The significance of GCA effects indicated
the importance of additive genetic
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variance. This confirms the results of
Mekki et al. (2005); Razuki and Al-
Shaheen (2011). The differences in BW
between these genotypes give good chance
to select among them to improve their
weight. The GCA effects of breeds (Table
3) indicated superiority of AA for BW and
BWG at 4, 8, and 12 wk of age. While, FF
had least GCA effect.

The significance of genetic effects is
divided into variability among GCA
effects, which could be attributed to
additive gene effects, and among SCA
effects, where non-additive gene effects
play the great role (Cruz et al. 2004). In the
current study, high GCA and SCA mean
square values could be an indicator to the
importance of additive genetic effects
rather than non-additive genetic effects.
SCA could be defined as a numerical value
that expresses the deviation of a specific
cross compared to what would be expected
from the average performance of the lines
involved in that cross. As such, SCA is a
result of either dominance or epistasis, or
a combination of the two (Gardner and
Eberhardt 1966). The contribution from
SCA was highly significant for BW and
BWG during all studied ages (Table 3).
The cross (FM) had the highest SCA for
BW at 8 wk of age, and BWG at 4-8 and
8-12 wks of age. While, the cross (MG)
was superior in SCA for BW at 12 wks of
age, and BWG at 4-12 wks of age. In
addition, the cross (FG) was superior in
SCA for BW at 4 wks of age (Table 3).
This indicated the importance of non-
additive genetic effects for growth
performance during this experiment, so
reciprocal recurrent selection would be
advantageous to exploit non-additive gene
action in these crosses.

Similar results were reported in the
literature (Saadey et al., 2008; Adebambo
et al., 2011; Siwendu et al., 2013). They
reported positive SCA estimates for BW at
different ages. The additive effects were
generally more important than dominance
in determining BW. This was corroborated
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by the higher values of GCA than SCA
(Table 3). These results were supported by
the work of Mekki et al. (2005) and
Adebambo et al. (2011). This indicator
that selection will be better tool to improve
this trait. Detection of the potentiality of a
group of genotypes considering the
positive SCA values and high GCA of one
parent is a must (Cruz et al. 2004).
Regarding the ranking of best genotypes,
the SCA of the studied traits was not
coincident. Therefore, the results in this
matter should be considered cautiously.
Reciprocal effects (RE) were significant
for BW during all studied ages. The cross
(MF) had the maximum RE, while the
cross (FA) had the least RE for BW at
different ages (Table 3). These results
suggested that MF cross was superior to
FM cross in sex linked gene effect. The
Table (1): Model comparison

existence of reciprocal cross differences
for BW in broilers is well documented
(Shebl et al., 1990; Razuki and Al-
Shaheen, 2011; Siwendu et al., 2013).
They reported important reciprocal effects
for BW in crosses between different
breeds of chickens. They revealed that
reciprocal effects could be attributed to
sex linkage.

CONCLUSION

In conclusion, this study recommended the
use of the (MM) breed to cross
advantageously the breeds (FF and GG)
for growth traits (BW and BWG) to
produce commercial broilers (FM and
MG). In addition, this study suggested the
use of crossbreeding tool to develop new
synthetic breeds suitable to Egyptian
conditions with acceptance performance.

Models P-value of
the
Griffing | Cockerham | Henderson REML | prediction
ability

Parameters BWH

Mean 36.08 36.08 36.12 36.08

MSE 552.18 555.667 553.00 550.11

R? 99.97 99.96 99.91 99.99

p 95.67 95.23 94.05 97.32 0.0424
BW4

Mean 212.07 212.07 210.22 212.07

MSE 1912.41 1914.88 1921.28 1910.45

R? 99.96 99.93 98.64 99.99

D 93.88 93.16 92.05 94.11 0.0487
BWS8

Mean 530.55 530.55 527.66 530.55

MSE 7806.98 7809.62 7815.77 7800.25

R? 99.97 99.96 99.91 99.99

p 90.90 90.00 89.33 93.52 0.0312
BW12

Mean 910.48 910.48 912.52 910.48

MSE 33443.00 33448.55 33470.13 33430.21

R? 99.97 99.96 99.91 99.99

p 87.52 85.56 84.95 90.24 0.0256

MSE: Mean Square Error; R% Coefficient of determination; p: Prediction ability.
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Table (2): Spearman’s correlation coefficients (r) between REML-based and Griffing models,
for the general and specific combining ability parameters (GCA and SCA), and reciprocal

effects (RE) for body weight traits

Parameters Traits

BWH BW4 BW8 BW12
General combining ability 1.00 0.97 0.96 0.94
Specific combining ability 0.98 0.96 0.95 0.93
Reciprocal effects 0.97 0.95 0.94 0.92

BWH: Body weight at hatch; BW4: Body weight at 4 weeks of age; BW8: Body weight at 8 weeks of

age and BW12: Body weight at 12 weeks of age

Table (3): Crossbreeding genetic parameters for body weight at different ages estimated by

REML method

Parameters Traits
BWH BW4 BW8 BW12
General combining ability (GCA)
AA 0.39£0.13 4.53+1.22 27.33+£3.13 61.42+4.12
FF -2.09+0.18 -3.77£0.99 | -18.79+2.91 -34.47+3.45
MM -0.14+0.07 -2.18+0.97 | -13.02+2.12 -30.61+3.25
GG 1.85+0.17 1.42+0.78 4.48+1.50 3.66+1.34
Specific combining ability (SCA)
AF 0.53+0.03 -2.80+0.55 -3.17+.80 -7.60+1.13
AM 0.16+0.03 -2.94+0.62 -6.35+.96 -7.99+1.04
AG -1.06+0.03 4.54+0.66 15.69+1.44 20.02+1.88
FM 0.31+0.01 4.91+0.54 21.96+1.65 28.45+1.95
FG 0.03+0.01 6.41+0.71 13.85+0.84 -21.67+1.67
MG -0.1940.01 2.36+0.34 9.10+1.11 40.55+2.26
Reciprocal effects

FA -0.70+0.03 -5.97+1.33 | -16.83+1.33 -49.31+2.66
MA -0.4040.03 0.75+0.22 3.56+0.38 -10.70+1.31
GA 0.48+0.02 4.99+1.24 8.80+1.14 20.91+1.36
MF 2.42+0.03 13.70+1.87 | 24.51+1.99 39.32+1.44
GF 2.09+0.03 2.96+0.53 11.1140.94 21.48+1.12
GM 1.26+0.03 6.66+0.98 1.35+0.17 18.14+1.24

Males are listed first in cross, AA: Alexandria, FF: Fayoumi, MM: Matrouh, GG: Golden

Montazah
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