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ABSTRACT: Five years crossbreeding experiment was preformed involving two synthetic 

rabbit lines of APRI (A) and Moshtohor (M) where bucks of APRI line and does of 

Moshtohor line were used to produce F1 crossbreds (½A½M), followed by inter-se mating 

to obtain F2 crossbreds (½A½M)
2
. A total number of 263 sires, 445 dams and 1998 kits 

were used to estimate heritabilities and predicted breeding values (PBV) for post-weaning 

body weights (BW) and daily weight gains (DG). The variance components estimated by 

Gibbs Sampling were used to solve the mixed model equations using the PEST software, 

getting the solutions for genetic groups' effects along with the solutions for other fixed 

effects. The crossbreeding effects in terms of direct additive genetic effects (G
I
), maternal 

effects (G
M

), direct heterosis (H
I
) and maternal heterosis (H

M
) were obtained according to 

Dickerson model using the procedure of Generalized Least Squares (GLS). Heritability 

estimates were low to moderate, ranging from 0.17 to 0.36 for BW and 0.09 to 0.23 for DG. 

The ratios of common litter effects were low to moderate and ranging from 0.04 to 0.16 for 

BW and 0.03 to 0.26 for DG. The interse cross (½A½M)
2
 had the lowest ranges in PBVs for 

BW and DG relative to the other three genetic groups. The percentages of G
I
 were in favor 

of M line by 0.2 to 2.3 % for BW and by 0.5 to 3.2 % for DG. Also, the percentages of G
M   

were in favor of M line by 2.1 to 4.6 % for BW and by 1.6 to 9.4 % for DG. The estimates 

of H
I
 were mostly significantly positive and ranging from 15.1 to 20.9 % for BW and 5.0 to 

32.3 % for DG. Also, the estimates of H
M

 were significantly positive by 6.8 to 11.0 % for 

BW and 0.7 to 18.1 % for DG. In practice, new synthetic rabbit lines could be established in 

Egypt using the APRI line as a sire-group and the Moshtohor line as a dam-group. 
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INTRODUCTION 
In the last three decades, some genetic 

attempts were conducted to establish new 

rabbit lines in Egypt through crossing V-

line does with Baladi Red bucks to produce 

APRI line (Youssef et al., 2009) and with 

Sinai Gabali bucks to produce Moshtohor 

line (Iraqi et al., 2008&2010a,b). In 

addition to another line developed through 

selection for traits related to growth, 

nominated as Alexandria line. This line was 

established by crossing Baladi Black (BB) 

bucks with V-line does, then three 

backcrossing generations with V-line bucks 

to obtain progeny of 87.5% V-line and 

12.5% Baladi Black (
7
/8V

1
/8BB), then two 

generations of inter-se mating were 

performed along with selection for daily 

gain between 28-63 days to get Alexandria 

line (El-Raffa, 2007). The main purposes of 

any crossbreeding experiment in farm 

animals are to exploit the heterotic effects, 

benefit from breed complementarity, to 

improve fitness and fertility, breakdown of 

accumulated inbreeding, which could have 

increased throughout the selection process 

and consequently avoiding the negative 

consequences of inbreeding depression 

(Adenaike et al., 2013; Abdel-Hamid, 2015; 

Abdel-Kafy et al., 2021). Crossbreeding can 

increase the efficiency of meat production 

by utilizing the diversity of rabbit breeds 

and lines characterized by high genetic 

merit for certain economic traits (Piles et 

al., 2004). However, post-weaning body 

weights and gains from weaning to 

slaughtering age are the criteria commonly 

used in selection for synthesizing the 

paternal rabbit lines  (Khalil and Al-Saef, 

2008; Khalil, 2010). Most of the 

crossbreeding experiments in the Egyptian 

and non-Egyptian studies have shown 

significant direct additive genetic effects, 

maternal effects and heterotic effects on 

body weights and gains at different ages 

(e.g. Abou Khadiga et al., 2008; Iraqi et al., 

2008;  Khalil, 2010; Zaghloul et al., 2019). 

The main objectives of the present study 

were: (1) to evaluate on quantitative genetic 

bases some post-weaning growth traits in 

different genetic groups obtained from 

crossbreeding experiment between bucks of 

APRI rabbit line and does of Moshtohor 

line in terms of variance components, 

heritability estimates and predicted 

breeding values, and (2) to estimate some 

crossbreeding effects on post-weaning body 

weights and daily weight gains.  

MATERIALS AND METHODS 

Animals and mating system used, 

management and feeding regime 

Five years crossbreeding experiment was 

performed between bucks of APRI rabbit 

line (A) and does of Moshtohor line (M) to 

produce F1 crossbred rabbits (½A½M), 

followed by inter-se mating to obtain F2 

crossbreds (½A½M)
2
. Therefore, four 

genetic groups were used to assess the 

crossbreeding effects on post-weaning 

growth traits in terms of direct additive 

genetic, maternal effects and direct and 

maternal heterosis. The total number of 

sires, dams and kits used in this experiment 

were presented in Table 1. The 

experimental work was started from 

September 2016 to June 2020 in the 

rabbitry belonging to the Department of 

Animal Production, Faculty of Agriculture, 

Benha University, Egypt. APRI line rabbits 

was synthetized in the rabbitry of Animal 

Production Research Institute through 

crossing Baladi Red bucks with V-line 

does, followed by two generations of inter-

se mating with selection for litter weight at 

weaning (Youssef et al., 2009). Moshtohor 

line rabbits was developed in the rabbitry of 

Department of Animal Production, Faculty 

of Agriculture at Moshtohor, Benha 

University, Egypt through crossing Sinai 

Gabali bucks with V-line does, followed by 

four generations of inter-se mating along 

with selection for litter weight at weaning 
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and individual weight at 56 days (Iraqi et 

al., 2008&2010a,b). 

The breeding bucks and does were first 

mated at the age of 18 to 20 weeks old. 

Throughout the duration of the experiment, 

all the animals were housed in the farm 

under the same management system and 

conditions. The rabbitry is supplied by 

cooling system to maintain the temperature 

between 15 to 30°C, with a relative 

humidity from 35 to 75 %. The photoperiod 

was 16L:8D and the breeding cages were 

arranged in flat-deck batteries. Using 

natural mating, bucks were divided into 

different families, each family consisted of 

one buck and three does; avoiding the 

matings between animals with common 

parents to control the inbreeding. Each doe 

was checked for pregnancy using an 

abdominal palpation on day 12 after mating, 

and the non-pregnant does were remated 

with the same assigned buck. Litters were 

checked every morning during the suckling 

period to remove the dead kits. Kits were 

raised by their dams and weaned at 28 days 

after kindling. Then, each animal was given 

a unique identification number tattooed on 

the left ear before being moved to the 

fattening cages (5-6 rabbits per cage) until 

marketing at 84 days.  

Pelletized commercial diets were provided 

ad libitum to both breeding animals and 

offspring. The pelleted diet containing 16% 

crude protein and 14% crude fiber was used 

during the growing period of offspring from 

weaning until the start of mating of does 

with bucks, and a diet containing 18 % 

crude protein and 12 % crude fiber with a 

digestible energy of 2500 kcal/kg was used 

during the breeding season.  

Data and model of analysis  
In the studied four genetic groups, body 

weights were recorded individually at 4 

(BW4), 6 (BW6), 8 (BW8), 10 (BW10) and 

12 (BW12) weeks of age, along with daily 

weight gains (DG) during the age intervals 

from 4 to 6 (DG4-6), 6 to 8 (DG6-8), 8 to 

10 (DG8-10) and 10 to 12 (DG10-12) 

weeks, respectively. These sets of data were 

analyzed using the following single-trait 

animal model: 
                                                 
where y = vector of the observed growth 

trait for the weaned rabbit;   = vector of the 

fixed effects of genetic group of the weaned 

rabbit (4 levels: A, M, ½A½M and 

(½A½M)
2
), kit sex (male and female), year-

season of birth (16 levels), parity order (6 

levels), and litter size in which the kit was 

born (10 levels);    = vector of random 

additive genetic effect of the weaned rabbit; 

    = vector of random effects of the non-

additive common litter effects;  = 

incidence matrix of fixed effects;    = 

incidence matrix of random additive genetic 

effects;   = incidence matrix of common 

litter effects;   = vector of the random 

residual effects. The data were renumbered 

and recoded using the renumf90 software 

(Misztal et al., 2018). The pedigree file was 

checked for the relationship issues using the 

CFC v.1.0 software (Sargolzaei et al., 2006). 

The variance components for the random 

effects of the studied traits and heritabilities 

were estimated based on a Bayesian 

Inference of Gibbs Sampling Algorithm 

using the TM software (Legarra et al., 2008) 

where the Gibbs sampler algorithm 

comprised 200,000 iterations and 

discarding the first 20,000 iteration. 

Afterwards, one sample in each 200 

iterations was saved. The estimated 

variance components were used to solve the 

mixed model equations using the PEST 

software (Groeneveld, 2006), getting the 

solutions for genetic groups effects along 

with the solutions for other fixed effects 

and their error variance-covariance matrix.  

The BLUPF90 software (Misztal et al., 

2018) was used to estimate the predicted 

breeding values (PBVs) for each growth 

trait of each animal adopting single-trait 
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animal model (Model 1). The correlations 

between the true and predicted breeding 

values were used to define the accuracy (  ) 

of PBVs. The accuracy of PBV was 

calculated for each animal as described by 

Meyer (2004):      √         
 

 where, 

PEV is the prediction error variance 

estimated using the elements of the mixed 

model equations as PEV = (SEP)
2
 and SEP 

is the standard error of prediction and   
 

 is 

the additive genetic variance of the trait. 

Estimation of crossbreeding effects 
The CBE software (Wolf, 1996) was used to 

estimate the crossbreeding effects. The 

solutions for the crossbreeding genetic group 

effects were obtained according to Dickerson 

model (Dickerson, 1992), using the procedure 

of Generalized Least Squares (GLS) and 

applying the following linear model: 
                                        
where:   = vector of the estimated genetic 

groups solutions for growth trait;   = 

incidence matrix of genetic group effects;   = 

vector of estimable crossbreeding genetic 

effects;   = vector of random error;   = the 

error variance-covariance matrix of  . The 

crossbreeding parameters were estimated, 

representing the differences between the 

genetic groups in terms of direct additive 

effects (G
I
 = G

I
A− G

I
M), maternal effects (G

M
 

= G
M

A− G
M

M), direct heterosis (H
I
) and 

maternal heterosis (H
M

). Thus, we have four 

parameters and these parameters were 

estimated according to Dickerson (1992) and 

Wolf (1996) as a vector called b-vector:  

   [   
     

      
     

           ] 
where G

I
A and G

I
M = Direct additive genetic 

effects for APRI and Moshtohor lines, 

respectively; G
M

A and G
M

M
 
= Maternal effects 

for APRI and Moshtohor lines, respectively. 

The solutions of b were calculated by the 

method of Generalized Least Squares using the 

following equation:  

 ̂                     
where X was the matrix of the coefficients 

relating the means of the genetic groups 

with the estimable crossbreeding effects 

(Table 2), V
−
 = the generalized error 

variance–covariance matrix, with the 

variance–covariance matrix of the estimate 

of b, being, 

     ̂ =            

RESULTS AND DISCUSSION 

Descriptive statistics for growth traits 

The main statistical parameters estimated 

by Gibbs Sampling Algorithm using the 

TM software for growth traits across the 

four genetic groups studied were shown in 

Table (3). The overall means for body 

weights were 530, 840, 1130, 1425 and 

1745 g for BW4, BW6, BW8, BW10 and 

BW12 and 23.0, 21.3, 21.6 and 25.1 g for 

daily gains at intervals of DG4-6, DG6-8, 

DG8-10 and DG10-12, respectively. The 

present means were within the range of 

previously reported values given by several 

Egyptian investigators for various breeds/ 

lines (Abou Khadiga et al., 2008; Zaghloul 

et al., 2019; Iraqi et al. 2008; Youssef et al., 

2009; Sanad et al., 2022).  

The wide ranges between minimum and 

maximum values of body weights at various 

stages and daily weight gains (Table 3) 

indicate that improvement of growth traits 

through phenotypic selection may be easier 

to achieve. The coefficients of variation 

(CV%) for body weights were mostly 

moderate (11 to 16%) and decreased with 

the advance of age (Table 3). This pattern 

may be due to that young rabbits become 

progressively less sensitive to non-genetic 

maternal effects as reported earlier by 

Khalil et al. (1987). The coefficients of 

variation ranged from 29 to 41% for daily 

weight gains. These values were fitted 

within the ranges reported by some 

Egyptian investigators (Abdel-Ghany et al., 

2000; Iraqi et al., 2002; El-Deghadi and 

Ibrahim, 2017; Abdel-Kafy et al., 2021). 
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Heritability estimates and common litter 

effects 
Heritability estimates for body weights and 

daily weight gains in APRI and Moshtohor 

lines and their crosses were mostly 

moderate and ranging from 0.17 to 0.36 for 

body weights and 0.09 to 0.23 for daily 

weight gains (Table 4). In several studies 

involving synthetic lines of rabbits, the 

heritability estimates for body weights and 

daily weight gains were mostly moderate or 

high, ranging from 0.10 to 0.61 for BW4, 

0.15 to 0.65 for BW6, 0.10 to 0.44 for 

BW8, 0.10 to 0.53 for BW10, 0.09 to 0.52 

for BW12, 0.08 to 0.79 for DG4-6, 0.10 to 

0.36 for DG6-8, 0.05 to 0.49 for DG8-10 

and 0.07 to 0.48 for DG10-12 (Iraqi et al., 

2002; Hekil et al., 2011; Sanad et al., 2022). 

The reviewed heritability estimates for body 

weights and gains in synthesized rabbit 

lines were lower than those estimates in the 

original breeds/or strains since the synthetic 

lines were subjected to intensive selection 

programmes in their foundation (Khalil and 

Al-Homidan, 2014).  

The ratios of common litter effects (c
2
) for 

post-weaning body weights and gains were 

moderate at weaning age and decreased 

thereafter, ranged from 0.04 to 0.16 for 

body weights and from 0.03 to 0.26 for 

daily weight gains (Table 4). The ratios of 

c
2
 showed that common litter effects should 

be considered in genetic evaluation of 

breeding programs. Abdel-Kafy et al. 

(2021) stated that the common litter effects 

on body weights were large at weaning then 

declined gradually as the rabbit grew older 

at 20 weeks of age. However, common litter 

influences might be of considerable 

importance for post-weaning growth in 

rabbits due to the effect of the genetic 

variation on some characters of the dam, 

such as mothering or maternal ability 

(Khalil and Al-Homidan, 2014; El-Deghadi 

and Ibrahim, 2017).  

 

Predicted breeding values (PBV) 

The ranges in PBV and their accuracy of 

predictions (   ) estimated by BLUPF90 

software (Misztal et al., 2018) for post-

weaning body weights and daily weight 

gains within each genetic group are 

presented in Table 5. In general, the interse 

cross group (½A½M)
2
 recorded the lowest 

ranges in PBVs for body weights and gains, 

while the other three groups (APRI, 

Moshtohor and ½A½M) have inconsistent 

trend in estimates of PBV. The ranges in 

PBV’s for body weights among the four 

genetic groups were high and ranging from 

146 to 237 g for BW4, 140 to 222 g for 

BW6, 175 to 263 g for BW8, 165 to 419 g 

for BW10 and 278 to 435 g for BW12. 

Also, the ranges in PBV’s for daily weight 

gains were high and ranging from 9.9 to 

26.6 g for DG4-6, 7.8 to 18.3 g for DG6-8, 

9.4 to 16.9 g for DG8-10 and 11.2 to 16.3 g 

for DG10-12. Similarly, the reviewed 

estimates of PBV for post-weaning body 

weights and daily weight gains cited in an 

Egyptian study showed that the ranges in 

PBV’s were high and ranging from 175 to 

221 g for BW4, 72 to 264 g for BW6, 69 to 

299 g for BW8, 148 to 420 g for BW10 and 

179 to 660 g for BW12 (El-Deghadi et al., 

2023).  

Crossbreeding effects 

Direct additive genetic (G
I
) and maternal 

(G
M

) effects  

The estimable generalized least square 

solutions for direct additive genetic effects 

(G
I
) were in favour of Moshtohor line with 

percentages ranging from 0.2 to 2.3 % for 

body weights and 0.5 to 3.2 % for daily 

weight gains (Table 6). However, the direct 

additive effects for body weights and gains 

estimated in the Egyptian crossbreeding 

experiments were mostly in favour of the 

exotic breeds/lines such as V-line, New 

Zealand White, Californian, Bouscat, 

Flemish Giant and Rex (e.g. Abou Khadiga 

et al., 2008; Youssef et al., 2009; Hekil et 
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al., 2011; Abdel-Hamid, 2015), while the 

reversible direct additivity were recorded by 

the local strains such as Sinai Gabali, 

Moshtohor, Baladi Black and Baladi Red 

(Abdel-Ghany et al., 2000; Iraqi et al., 

2008; Zaghloul et al., 2019; Sanad et al., 

2022). The estimates of direct additive 

effects for body weights reviewed from the 

Egyptian studies (Iraqi et al., 2008; 

Zaghloul et al., 2019; Abdel-Kafy et al., 

2021; Sanad et al., 2022) were mostly 

significantly in favour of V-line, Giant 

Flander, New Zealand White, Sinai Gabali, 

Moshtohor and Baladi Black rabbits where 

the estimates ranged from 2.7 to 22.1 % for 

BW4, 4.1 to 31.2 % for BW6, 4.2 to 32.8 % 

for BW8, 2.6 to 31.1 % for BW10, 2.9 to 

25.2 % for BW12. In addition, the estimates 

for daily weight gains were also in favour 

of V-line, New Zealand White, Sinai 

Gabali, Moshtohor and Baladi Black rabbits 

where the estimates ranged from 3.7 to 35.4 

% for DG4-6, 6.1 to 38.1 % for DG6-8, 9.2 

to 21.9 % for DG8-10 and 3.7 to 25.7 % for 

DG10-12.  

The generalized least square solutions and 

their percentages for the maternal effects 

(G
M

) for growth traits were mostly 

significantly in favour of Moshtohor line, 

with percentages ranging from 2.1 to 4.6 % 

for body weights and 1.6 to 9.4 % for daily 

weight gains (Table 6). These findings are 

consistent with the other Egyptian 

crossbreeding studies, which showed that 

maternal effects were of considerable 

importance for the majority of post-weaning 

growth traits (Abou Khadiga et al., 2008; 

Iraqi et al., 2008; Hekil et al., 2011;  

Zaghloul et al., 2019; Abdel-Kafy et al., 

2021; Sanad et al., 2022). However, the 

estimates of maternal effects on body 

weights and daily weight gains in the 

Egyptian crossbreeding experiments were 

mostly in favour of the exotic breeds/lines 

such as V-line, New Zealand White, Giant 

Flander, Californian (Abou Khadiga et al., 

2008; Youssef et al., 2009; Abdel-Hamid, 

2015), while the reversible maternal effects 

were recorded by the local breeds/strains 

such as Sinai Gabali, Moshtohor, Baladi 

Red and Baladi  Black (Khalil and Afifi, 

2000; Iraqi et al., 2008; Zaghloul et al., 

2019; Sanad et al., 2022). In general, most 

of the estimates of maternal effects 

reviewed from the Egyptian studies showed 

that maternal effects were in favour of 

Giant Flander (Abdel-Kafy et al., 2021), V-

line, Moshtohor, Sinai Gabali, Baladi Red 

and New Zealand White rabbits where the 

estimates of maternal effects for body 

weights were mostly moderate and 

significantly favorable from 2.8 to 22.0 % 

for BW4, 4.1 to 33.0 % for BW6, 3.5 to 

34.8 % for BW8, 3.5 to 33.3 % for BW10 

and 3.1 to 27.2 % for BW12 (Abdel-Ghany 

et al., 2000; Abou Khadiga et al., 2008; 

Sanad et al., 2022). But, the estimates for 

post-weaning daily weight gains were 

relevantly in favour of New Zealand White 

and Moshtohor line rabbits where the 

estimates ranged from 5.2 to 29.5 % for 

DG4-6, 4.8 to 33.4 % for DG6-8, 5.2 to 

30.0 % for DG8-10 and 2.9 to 24.7 % for 

DG10-12 (Hekil et al., 2011; Abdel-Hamid, 

2015). 

Direct (H
I
) and maternal (H

M
) heterosis 

The generalized least square solutions and 

their percentages of direct heterotic effects 

(H
I
) for growth traits were mostly positive 

and significant, with the percentages 

ranging from 15.1 to 20.9 % for body 

weights and 5.0 to 32.3 % for daily weight 

gains (Table 7). These estimates fall within 

the ranges cited in most of the Egyptian 

crossbreeding studies where the significant 

estimates revealed favorable direct heterotic 

impacts ranging from 3.1 to 16.9 % for 

BW4, 2.4 to 20.3 % for BW6, 3.4 to 20.3 % 

for BW8, 3.2 to 21.0 % for BW10 and 3.6 

to 16.7 % for BW12, 4.4 to 29.5 % for 

DG4-6, 5.0 to 27.2 % for DG6-8, 4.7 to 

30.4 % for DG8-10 and 3.5 to 36.8% for 
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DG10-12 (Abdel-Hamid, 2015; Zaghloul et 

al., 2019; Abdel-Kafy et al., 2021; Sanad et 

al., 2022). Khalil and Al-Homidan (2014) 

in a crossbreeding experiment involving 

Saudi Gabali and V-line rabbits, found that 

the estimates of direct heterosis were 

significantly positive and ranged from 4.5 

to 5.4% for body weights and 6.6 to 9.6% 

for daily weight gains.  

The generalized least square solutions and 

percentages of the maternal heterosis (H
M

) 

were significantly favorable for most 

growth traits, with percentages ranging 

from 6.8 to 11.0 % for body weights and 

0.7 to 18.1 % for daily weight gains (Table 

7). According to our knowledge, most of 

the Egyptian crossbreeding experiments in 

rabbits spanned only one generation, while 

the estimation of maternal heterosis requires 

at least two crossbreeding generations, 

therefore, the reviewed maternal heterotic 

effects in rabbits are scarce in Egypt. 

However, the estimates of maternal 

heterotic effects for body weights obtained 

in the present study fall within the ranges 

cited in most of the Egyptian crossbreeding 

studies where the estimates revealed 

significant favorable maternal heterotic 

effects ranging from 4.5 to 7.9 % for BW4, 

3.9 to 15.2 % for BW6, 4.8 to 13.2 % for 

BW8, 8.5 to 16.0 % for BW10 and 4.5 to 

15.4 % for BW12 (Abou Khadiga et al., 

2008;. Iraqi et al., 2008; Abdel-Kafy et al., 

2021).  

 

 

CONCLUSIONS 

1) Desired heterotic consequences have 

been reported from crossing APRI line with 

Moshtohor line rabbits and this crossing 

could be beneficial to improve growth 

performance traits in rabbits.  

2) In Egypt, new synthetic rabbit lines 

could be established using the APRI line as 

a sire-group and the Moshtohor line as a 

dam-group, based on the estimated direct 

and maternal effects.  
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Table (1): Genetic groups and numbers of sires, dams and kits categorized according to their 

genetic groups 

Sire genetic group 

(N) 

Dam genetic group 

(N) 

Kit genetic group No of kits weaned 

APRI line (95) APRI line (141) APRI line 520 

Moshtohor line (92) Moshtohor line (164) Moshtohor line 604 

APRI line (64) Moshtohor line (104) ½A½M 374 

½A½M (12) ½A½M (36) (½A½M)² 500 

Total No. = 263 Total No. = 445  Total No. = 1998 
N = Numbers given in brackets. 

 

Table (2): Genetic groups of kits with their sires and dams and coefficients of the matrix 

relating the means of the genetic groups with crossbreeding effects 

Genetic groups of Mean Coefficients of the matrix of the 

estimable crossbreeding effects 

 

Sire Dam Kit G
I
A G

I
M G

M
A G

M
M H

I
 H

M
 

A A A 1 1 0 1 0 0 0 

M M M 1 0 1 0 1 0 0 

A M ½A½M 1 0.5 0.5 0 1 1 0 

½A½M ½A½M (½A½M)
2
 1 0. 5 0. 5 0. 5 0. 5 0.5 1 

A=APRI rabbit line; M=Moshtohor rabbit line, G
I
A and G

I
M = Direct additive genetic effects for 

APRI and Moshtohor lines, respectively; G
M

A and G
M

M
 
= Maternal effects for the APRI and 

Moshtohor lines, respectively; H
I 
= Direct heterosis; H

M 
= Maternal heterosis.  

 

Table (3): Descriptive statistics in terms of generalized least square means (GLM), standard 

deviations (SD), minimum and maximum values and coefficients of variation (CV%) for post-

weaning growth traits across all genetic groups studied 

Trait
+
 N GLM SD Minimum Maximum CV% 

Body weight (g):  

BW4 1998 530 87 300 918 16 

BW6 1862 840 104 520 1185 12 

BW8 1745 1130 132 740 1570 12 

BW10 1700 1425 174 1000 2310 12 

BW12 1459 1745 199 1100 2390 11 

Daily weight gain (g):  

DG4-6 1660 23.0 9.5 2.8 59.3 41 

DG6-8 1549 21.3 7.18 7.5 57.9 33 

DG8-10 1479 21.6 7.5 8.6 56.8 35 

DG10-12 1355 25.1 7.2 8.6 52.1 29 
+
BW4, BW6, BW8, BW10 and BW12= Body weight at 4, 6, 8, 10 and 12 weeks of age, respectively; 

DG4-6, DG6-8, DG8-10, and DG10-12= Daily weight gain during the intervals from 4 to 6, 6 to 8, 8 to 

10 and 10 to 12 weeks of age, respectively.  
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Table (4): Estimates of heritability and their standard errors (h
2
±SE), the proportion of 

phenotypic variance explained by common litter effects (c
2
±SE) and random error (e

2
±SE) 

estimated by Bayesian Inference of Gibbs Sampling using the TM software for post-

weaning growth traits across all genetic groups 

Traits N h
2
+SE c

2
+SE  e

2
+SE 

Body weight:  

BW4 1998 0.36±0.06 0.16±0.03 0.48±0.05 

BW6 1862 0.22±0.05 0.04±0.03 0.74±0.05 

BW8 1745 0.17±0.07 0.07±0.03 0.76±0.06 

BW10 1700 0.27±0.07 0.13±0.04 0.60±0.06 

BW12 1459 0.21±0.11 0.10±0.05 0.69±0.08 

Daily weight gain:  

DG4-6 1660 0.18±0.08 0.26±0.04 0.56±0.07 

DG6-8 1549 0.09±0.06 0.08±0.03 0.83±0.05 

DG8-10 1479 0.23±0.07 0.05±0.03 0.72±0.06 

DG10-12 1355 0.20±0.07 0.03±0.02 0.77±0.07 
+ 

Traits as defined in Table (3). 

 

Table (5): The ranges in predicted breeding values (PBV) estimated by BLUPF90 software 

for post-weaning body weights (BW) and daily weight gains (DG) in different genetic groups 

studied 

Trait
+
 Genetic group 

APRI line 

 (A) 

Moshtohor 

line    (M) 

½A½M (½A½M)
2
 

N PBV 

range 

N PBV  

range 

N          PBV          

range 

N           PBV 

 range  

Body weight (g):  

BW4 520 216 604 237 374 233 500 146 

BW6 471 222 542 168 358 219 491 140 

BW8 436 263 491 215 350 253 468 175 

BW10 423 317 478 392 340 419 459 165 

BW12 347 367 367 435 301 278 444 422 

Daily weight gain (g):  

DG4-6 415 23.5 488 20.4 317 26.6 440 9.9 

DG6-8 390 17.3 449 18.3 301 16.3 409 7.8 

DG8-10 369 13.6 426 15.3 294 16.9 390 9.4 

DG10-12 336 13.5 365 16.3 280 12.9 374 11.2 
+ 

Traits as defined in Table (3). The accuracies of predictions in PBV (  ) were high and ranged from 

0.92 to 0.99 for body weights and from 0.90 to 0.99 for daily body gains. 
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Table (6): Generalized least square solutions and percentages of direct additive genetic 

effects (G
I
) and maternal effects (G

M
) and their standard errors (SE) estimated by 

Dickerson model for post-weaning growth traits in crossing APRI bucks with 

Moshtohor does 

 Direct additive genetic effects (G
I
) Maternal effects (G

M
) 

Trait
+
 N G

I
=G

I
A-

G
I
M 

(in units) 

SE G
I 
as 

%
++ 

G
M

= G
M

A-

G
M

M 

(in units) 

SE G
M

 as 

%
++

 

Body weight (g): 

BW4 1998 -11.3** 0.05 2.3 -22.8** 0.05 4.6 

BW6 1862 -10.1*
 

0.06 1.3 -34.1** 0.06 4.4 

BW8 1745 3.2
NS 

0.09 0.3 -33.3** 0.08 3.1 

BW10 1700 -2.2
NS 

0.12 0.2 -59.9** 0.10 4.5 

BW12 1459 3.8
NS 

0.16 0.2 -34.8** 0.15 2.1 

Daily weight gain (g): 

DG4-6 1660 -0.7*
 

0.01 3.2 -0.8** 0.01 3.7 

DG6-8 1549 0.1
NS 

0.01 0.6 -0.4
NS

 0.01 1.9 

DG8-10 1479 -0.4
NS 

0.01 2.1 -1.8** 0.01 9.4 

DG10-12 1355 0.1
NS 

0.01 0.5 -0.3
NS

 0.01 1.6 
+ 

Traits as defined in Table (3), 
++

Percentage computed as [Estimate of G
I
 or G

M
 in units/(A+M)/2]x100; 

NS= Not Significant, *=P≤ 0.05 and **=P≤ 0.01. 

 

 

Table (7): Generalized least square solutions and percentages of direct heterotic effects (H
I
), 

maternal heterotic effects (H
M

) and their standard errors (SE) estimated by Dickerson model 

for post-weaning growth traits in crossing APRI bucks with Moshtohor does  

Trait
+
  Direct heterotic effects (H

I
) Maternal heterotic effects (H

M
) 

N H
I
  (in 

units) 

SE H
I
 as 

%
++

 

H
M

  (in 

units) 

SE H
M

 as 

%++ 

Body weight (g): 

BW4 1998 95**
 

0.10 19.1 52** 0.09 10.5 

BW6 1862 146**
 

0.12 18.7 71** 0.10 9.1 

BW8 1745 160**
 

0.15 15.1 102** 0.15 9.6 

BW10 1700 257**
 

0.21 19.4 90** 0.19 6.8 

BW12 1459 341**
 

0.35 20.9 180** 0.25 11.0 

Daily weight gain (g): 

DG4-6 1660 1.1
NS 

0.02 5.0 0.2
NS

 0.01 0.7 

DG6-8 1549 2.8**
 

0.01 14.5 2.7** 0.01 14.2 

 DG8-10 1479 6.2**
 

0.01 32.3 -0.6
NS

 0.01 2.9 

DG10-12 1355 5.4**
 

0.02 24.1 4.0** 0.01 18.1 
+
Traits as defined in Table (3), 

++
Percentage computed as [Estimate of H

I
 or H

M
 in units/(A+M)/2]x100; NS= 

Not Significant and **=P≤ 0.01. 
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 ىالملخص العرت

 مشتهر خطأتري مع  خطعلى صفاخ النمو فً تجرتح لخلط أرانة  الخلطتأثٍراخ قوج 
 

عثذ الوهاب حسن خطاب
2،1 

، محمود مغرتً عراقً
2

، ماهر حسة النثً خلٍل
2

، عماد محمذ أمٍن
1

، أٌمن النجار
2  

هصش -عبهعخ ثٌهب  -كلُخ الضساعخ ثوشزهش  -قسن الإًزبط الحُىاًٍ  -1  

 –وصاسح الضساعخ   –هشكض ثحىس الصحشاء  –شعجخ الإًزبط الحُىاًٍ والذواعي  –قسن رشثُخ الحُىاى والذواعي  -2

 هصش

 

أعشَذ رغشثخ خلظ لوذح خوس سٌىاد ثُي خطُي هسزٌجطُي هي الأساًت )خظ أثشٌ وخظ هشزهش(، حُش رن الخلظ 

هشزهش(، هزجىعبً ثبلزضاوط ½أثشٌ)½و  الخلُظ ثُي ركىس أساًت أثشٌ هع إًبس أساًت هشزهش لإًزبط الغُل الأ

هشزهش(½أثشٌ)½الجٌٍُ ثُي أفشاد الغُل الأو  لإًزبط الغُل الضبًٍ الخلُظ 
2

أة،  263. رن إسزخذام ثُبًبد عذد 

أسزخذهذ هكىًبد الزجبَي . أسًت هفطىم لزقذَش الوكبفئ الىساصٍ، القُوخ الزشثىَخ الوزىقعخ 1998أم،  445

هسزخذهب ثشًبهظ  MMEفٍ حل هعبدلاد الٌوىرط الوخزلظ   Gibbs samplingخ ثشًبهظ الوحسىثخ ثىاسط

PEST  ورلك للحصى  علً حلى  للوشثعبد الذًُب الوعووخGeneralized Least Square solutions  

الخلظ رن رقذَش هكىًبد . Fixed effectsللوغوىعبد الىساصُخ رحذ الذساسخ هصحىثخ ثحلى  للزأصُشاد الضبثزخ 

)الأصش الىساصٍ الزغوعٍ الوجبشش، الأصش الأهٍ، قىح الخلظ الوجبششح وقىح الخلظ الأهُخ( لصفبد وصى الغسن والضَبدح 

 Generalized الوشثعبد الذًُب الوعووخ الُىهُخ فٍ الىصى ثعذ الفطبم طجقب لٌوىرط دَكشسىى وثإسزخذام طشَقخ

Least Squares7.36إلً  7.17ئ الىساصٍ هٌخفضخ إلً هزىسطخ ورشاوحذ ثُي . أظهشد الٌزبئظ أى قُن الوكبف 

 خلصفبد هعذ  الضَبدح الُىهُخ فٍ الىصى. كبًذ ًست الزأصُشاد الشبئع 7.23إلً  7.79لصفبد وصى الغسن وثُي 

لصفبد  7.26إلً  7.73لصفبد وصى الغسن، وثُي  7.16إلً  7.74هزىسطخ ورشاوحذ ثُي هٌخفضخ إلً للخلفخ 

وهعذ  الضَبدح الُىهُخ فٍ الىصى هٌخفضخ  لصفبد وصى الغسنكبًذ القُن الزشثىَخ  دح الُىهُخ فٍ الىصى.هعذ  الضَب

فٍ خلطبى الغُل الضبًٍ هقبسًخ ثبلوغبهُع الىساصُخ الأخشي. كبًذ الٌست الوئىَخ للأصش الىساصٍ الزغوعٍ هعٌىَخ 

% لصفبد هعذ  3.2إلً  7.5وثُي  % لصفبد وصى الغسن،2.3إلً  7.2لصبلح خظ هشزهش، ورشاوحذ ثُي 

إلً  2.1الضَبدح الُىهُخ فٍ الىصى. كوب كبًذ الٌست الوئىَخ للأصش الأهٍ هعٌىَخ لصبلح خظ هشزهش، ورشاوحذ ثُي 

% لصفبد هعذ  الضَبدح الُىهُخ فٍ الىصى. كبًذ قُن قىح الخلظ 9.4إلً  1.6% لصفبد وصى الغسن، وثُي 4.6

% 32.3إلً  5.7% لصفبد وصى الغسن، وثُي 27.9إلً  15.1عجخ ورشاوحذ ثُي الوجبششح غبلجبً هعٌىَخ وهى

إلً  6.8لصفبد هعذ  الضَبدح الُىهُخ فٍ الىصى. كوب كبًذ قُن قىح الخلظ الأهُخ هعٌىَخ وهىعجخ ورشاوحذ ثُي 

ُخ وهي الٌبح% لصفبد هعذ  الضَبدح الُىهُخ فٍ الىصى. 18.1إلً  7.7% لصفبد وصى الغسن، وثُي 11.7

 خظسزجبط طشص عذَذح فٍ هصش هي خلا  الخلظ ثإسزخذام الزكىس هي أساًت إإهكبًُخ  خالزطجُقُخ أوضحذ الذساس

 هشزهش. خظوإسزخذام الإًبس هي  أثشٌ


