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Abstract | Local and indigenous chicken breeds play important roles in rural development and sustainability, and thus,
evaluating and improving local breeds is essential. Genotype-by-sex interaction refers to the interaction of genetic
architecture with male or female performance. The current study aimed to evaluate the genotype-by-sex (GxS) inter-
action on the growth performance of a selected chicken line and its genetic control line. The results revealed significant
G x S interactions for body weights at 4 and 10 weeks of age. The line effects on body weight traits were significant
and consistent except for 2-wk body weight. Also, significant sex effects were shown for body weights at all ages. The
effect of sex on biweekly body weight gains and growth rates was significant for the traits from 0 to 4, 6 to 8, and 12
to 14 weeks of age. The line effect was significant for 0-2 and 2-4 growth rates, and 0-2 and 6-8 body-weight gains.
The line x sex interaction was not significant for body weight gain and growth rate traits except for growth rate from
hatch to 2 weeks of age. Growth rates in males were significantly higher than females at early ages. Although the gen-
otype-by-sex effect on the performance of the selected line (CE2) was deceased at the 6th generation of selection, it
has been retrieved at the 10th generation of selection.
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INTRODUCTION

Nowadays, the concern about sustainable production has

he advances in the poultry industry have been as-

sociated with using long-term intensive selection
programs to produce commercial meat-type chickens.
However, local breeds are ubiquitous in the smallholder
production system and receive little attention from poul-
try geneticists due to their poor productiveness, although
local breeds have many advantages, such as their adapta-
tion ability to the local environmental condition, and the
richness of their genetic diversity (Dessie et al., 2011; Pa-
dhi, 2016), which is an important genetic attribute. Also,
those slow-growing breeds are preferred in many countries
due to their meat flavor and appearance (Sokotowicz et al.,

2016; Bettridge et al., 2018; Manyelo et al., 2020).

increased, and maintaining animal genetic resources is a
milestone step for sustainability. On the other hand, con-
tinuous selection of commercial parents and grandparents
stocks retracted the genetic variation in such lines, and this
developing alternative strategies for minting genetic varia-
tion of local and indigenous breeds as a valuable source for
genetic diversity enhances suitability practices (Hoffmann,

2011; Phuong et al., 2015; Bettridge et al., 2018).

Body weight traits in males and females have been regard-
ed as different traits in chickens and turkeys (Nestor et al.,
2008; Mebratie et al., 2017). Differential effects of genes

on traits at different ages in males and females are of great
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consideration for understanding the rate of genetic change
due to selection in both sexes (Towne et al., 1997). The
interaction between genotype and sex is important Effect
of genotype and sex and their interaction effects have been
addressed at different levels in different breeds and was not
reported only on the phenotypic level, but also on the mo-
lecular level, where several QTL showed interaction with
sex both autosomal and GGAZ chromosomes (Abasht et
al., 2006). In Nigeria, Ajayi and Ejiofor, (2009) studied
the genotype-by-sex interaction in Anak Broilers in com-
parison with commercial Ross chickens, and detected the
existence of sexual dimorphism between both sexes, where
male broilers were superior to females in all growth traits.
The current study aimed to evaluate the genotype-by-sex
interaction effect on the growth performance of a local
Egyptian selected chicken line selected for fast growth for
10 generations in comparison to its genetic control line.

MATERIALS AND METHODS

Breeding stock and genetic background of the chickens
Two chicken lines were used in the current study. The first
one is the CE2 line, which was developed by selection for
fast growth for 10 generations, the breeding scheme used
for developing the line was detailed by ElI-Gendy (2009).
Where the second line (CE4) is the genetic control for the
CE2 line, which was maintained as a randombred flock for
10 generations.

MANAGEMENT AND PARAMETERS

Chicks of both lines were hatched together. At the hatch-
ery, chicks were wing-banded, vaccinated, and weighed
(hatch weight). The chickens were then kept under the
same environmental conditions in brooding rooms to six
weeks of age, and then transferred to open floor rearing
pens to 18 weeks of age. All chickens received the same
routine management, including feeding, watering, light-
ing, and vaccination programs. Individual biweekly body
weights (BW) were recorded from hatch to 18 weeks of
age; body weight gains (BWG) and growth rates (GR)

were calculated.

STATISTICAL ANALYSIS
'The data were analyzed using general linear model (GLM)

procedure of SAS (SAS, 1999). The statistical model was:

Y, =pu+L +S + LS + &

Where, Y is the given measurement, p is the overall mean,
L and S are the effects of line and sex, respectively, and ¢ is
the random error. Significant differences were considered
when p < 0.05, and were separated using Duncan multiple
range test (Duncan, 1955).

RESULT'S AND DISCUSSION

Levels of significance are presented in Table (1) for body
weight, and in Table (2) for body weight gains and growth
rates. Significant line x sex interactions were only observed
for body weights at 4 and 10 weeks of age. However, the
line effect on body weight traits was significant and con-
sistent except for 2-wk body weight. Also, significant sex
effects were shown for all traits. Helal and El-Gendy,
(2013) reported the loss of significant sex effect of growth
traits of the same selected line (CE2) during the 6™ and 7%
generation of selection, which was attributed to the genet-
ic drift effect that encountered the population after four
generations of selection. The results of the current study
are in agreement with previously published results (Nam-
akparvar et al., 2014; Benyi et al., 2015), as they reported
significant effects for strain, sex, and their interaction on fi-
nal body weight and body weight gains of broiler chickens.
Moreover, the effect of sex on biweekly body weight gains
and growth rates was significant for the traits from 0 to
4,6 to 8, and 12 to 14 weeks of age. The line effect was
significant for 0-2 and 2-4 growth rates, and 0-2 and 6-8
body-weight gains. The line x sex interaction was not sig-
nificant for body weight gain and growth rate traits except
for growth rate from hatch to 2 weeks of age. Furthermore,
the effect of the line was significant for body weight gains
from 0 to 6, 6 to 12, and growth rates from 0 to 6 and 12
to 18 weeks of age. Whereas the sex effect was significant
for body weight gain from 6 to 12, and growth rates from
0 to 6 and 6 to 12 weeks of age. A significant interaction
was shown for the late growth rate from 12 to 18 weeks of
age. Table (3) shows the means of body weights of the two
lines. The selected males (CE2) had significantly higher
body weights compared to males of the control line (CE4),
except for body weight at 2 weeks of age. These differences
are the result of the ongoing selection process in line CE2.
On the other hand, the differences between the females of
both lines were significant from hatch to 4 weeks of age.
These differences became insignificant from 6 to 10 weeks
of age and became significant again from 12 to 18 weeks
of age. Ajayi and Ejiofor (2009) noticed that the difference
between Anak and commercial broilers were existed at
hatch and disappeared at three weeks of age. In Ghanaian
chickens, Osei-Amponsah et al. (2012) reported a high-
ly significant sex effect of body weight up to 28 weeks of
age. Also, the sex effect of growth was significant for Ross,

Aboaca, and Anak broiler stains (Ikusika et al., 2020).

The results of body weight gains and growth rates were
convergent, as shown in Tables (4) and (5), respectively.
Significant increase in body weight gains of the selected
males compared to their control males at the biweekly pe-
riod from 2 to 4 and from 4 to 6, and for early (0 to 6 wk)
and middle (6-12 wk) body weight gains. In females,
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Table 1: Level of significant of line, sex and their interaction effects on body weights

Age (wk) Level of significance (p < )
Model Line Sex Interaction

1-day 0.002 0.018 0.003 0.2259
2 0.137 0.868 0.024 0.5803
4 0.001 0.001 0.001 0.0300
6 0.001 0.001 0.702 0.2791
8 0.001 0.001 0.082 0.4124
10 0.001 0.001 0.005 0.0109
12 0.001 0.001 0.019 0.4337
14 0.001 0.001 0.001 0.0936
16 0.001 0.003 0.001 0.3729
18 0.005 0.006 0.023 0.1592

Table 2: Level of significant of line, sex and their interaction effects on body weight gains and growth rates

Period Level of significance (p< )

Body weight gain Growth rate
Model Line Sex Interaction Model Line Sex Interaction
0-2 0.026 0.656 0.005 0.325 0.001 0.057 0.001 0.021
2-4 0.001 0.001 0.193 0.064 0.025 0.008 0.876 0.108
4-6 0.187 0.038 0.523 0.967 0.426 0.428 0.166 0.657
6-8 0.036 0.186 0.011 0.522 0.074 0.973 0.011 0.636
8-10 0.683 0.655 0.381 0.499 0.933 0.740 0.594 0.948
10-12 0.493 0.863 0.555 0.171 0.092 0.152 0.677 0.035
12-14 0.057 0.585 0.009 0.605 0.168 0.312 0.046 0.925
14-16 0.580 0.875 0.179 0.816 0.845 0.732 0.429 0.829
16-18 0.339 0.963 0.414 0.109 0.367 0.868 0.341 0.144
0-6 0.001 0.001 0.580 0.293 0.001 0.001 0.023 0.481
6-12 0.013 0.059 0.007 0.413 0.110 0.233 0.044 0.416
12-18 0.190 0.706 0.355 0.055 0.022 0.026 0.598 0.021

Table 3: Effect of sex and line on body weights (LSM+SE, g) of selected (CE2) and control (CE4) chicken lines

34 ??
Age (wk) Line CE2 Line CE4 Line CE2 Line CE4
Hatch 47.04£1.70 38.40°+2.69 51.65%+1.70 48.30°+2.33
2 147.43°+8.36 158.332+18.05 125.93+8.36 122.83+12.76
4 372.00'+14.24 242.50°+21.76 309.41°+15.38 260.37°+18.84
6 667.33'+33.70 412.50°£53.29 622.30°+36.20 470.00°+58.38
8 1009.25°+61.35 607.60°£95.05 845.57°+56.80 571.33'+86.76
10 1264.00°£64.10 719.33°+77.08 931.66%+54.50 705.00°+66.75
12 1324.00°+57.95 830.00°+89.78 1085.00°+57.95 748.00°+100.38
14 1529.09°+66.1 974.50°+109.61 1110.79*£67.53 839.50°+109.61
16 1601.10°+74.38 1146.20°+105.2 1150.00°+74.38 878.00°+135.81
18 1612.43*+134.71 1280.40*+106.79 1383.00°£97.49 956.00°+255.52

LSM= Least square mean

b body weight of different lines, within sex, with different letters are significantly different (p < 0.05)
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Table 4: Effect of sex and line on body weight gains (LSM+SE, ¢) of selected (CE2) and control (CE4) chicken lines

38 eF
Period (wk) Line CE2 Line CE4 Line CE2 Line CE4
Biweekly
Hatch -2 99.96°+8.33 126.33°+17.99 73.87°+8.33 75.26°+12.72
2-4 231.002+15.77 75.00°+32.84 183.00°+16.42 116.00°+23.22
4-6 282.28*+37.56 170.00°+57.37 311.45*+42.37 203.4*+62.85
6-8 376.75%+54.48 222.60°+84.40 170.66*+54.48 112.50°+94.36
8-10 309.00°+132.36 150.00°£108.07 135.83*+76.42 123.00°+93.59
10-12 202.67+25.59 150.66*+36.44 127.00°+10.82 73.00°+25.59
12-14 219.22°+38.52 168.25*+55.49 77.37'£39.24 101.00°£66.71
14-16 137.11*+35.14 114.00*+52.72 73.60°£33.34 72.66'£60.87
16-18 27.50:+64.90 134.20*+£58.05 179.20°+58.05 114.00°+90.65
6-week body weight gains
Hatch -2 620.29°+32.67 374.10°+51.66 570.45:+35.10 420.74+56.59
6-12 645.81°+46.44 445.00*+68.88 433.10°+48.70 359.00:+88.92
12-18 301.00°+121.25 200.50°+160.40 336.40°+143.479 332.00:+112.25

LSM-= Least square mean

b body weight gains of different lines, within sex, with different letters are significantly different (p < 0.05)

Table 5: Effect of sex and line on growth rate (LSM=+SE, %) of selected (CE2) and control (CE4) chicken lines

343
Period (wk) Line CE2
Hatch -2 2.18'+0.21
2-4 1.67°+0.17
4-6 0.77°+0.15
6-8 0.66°+0.11
8-10 0.32°+0.15
10-12 0.16°0.03
12-14 0.16°0.04
14-16 0.10°0.03
16-18 0.02°0.05
Hatch -2 13.14°+0.57
6-12 1.05°+0.13
12-18 0.24°+0.06

LSM-= Least square mean
b orowth rates of different lines, within sex, with different letters

although the control line had a higher body weight gain
than the selected females from hatch to two weeks of age,
significantly higher body weight gains were obtained for
the selected line compared to its control line from 2 to 4,
and from 6 to 8 weeks of age. The difference between fe-
males of both lines for early (0-6 wk), middle (6-12 wk),
and late (12-18 wk) body weight gains insignificant. The
differences between the two lines may be attributed to the

S
Line CE4 Line CE2 Line CE4
Biweekly
3.95%+0.46 1.42°+0.21 1.63*+0.33
0.47°+0.35 1.51°+0.17 1.14*£0.25
0.69°+0.23 1.10°+0.17 0.83+0.25
0.71°£0.18 0.31°+0.11 0.21°+0.20
0.26*+0.12 0.25*+0.08 0.21°+0.11
0.21*+0.06 0.132+0.02 0.16*+0.06
0.22*+0.05 0.08*+0.04 0.12°+0.06
0.12°+0.04 0.07£0.03 0.08:+0.05
0.01*+0.05 0.15*+0.05 0.12£0.07
6-week growth rates
9.45°+0.9 11.12°+0.61 8.56+0.99
1.35*+0.2 0.77*£0.14 0.78+0.25
0.16*+0.06 0.32:+0.07 0.40°+0.30

are significantly different (p < 0.05)

heavier hatch weight of line CE2 compared to line CE4,
where (Namakparvar et al., 2014) reported significant ef-
tects of genotype, sex, and their interaction on body weight
gains of three commercial strains (Ross, Cobb, and Ari-
an chickens), where males had significantly higher body
weight gains than females. Moreover, Udeh et al. (2015)
reported an insignificant effect of genotype-by-sex interac-
tion on body weight gains from 3 to 4 weeks of age in three
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strains in broiler chickens. However, the interaction effect
was significant in the later ages. Del Castilho et al. (2013)
also reported a significant sex effect on body weight gains
in all ages in six free-range chicken genotypes.

Growth rates in males were significantly higher than fe-
males at early ages as well, where males of CE2 line had
higher growth rates from hatch to 6-wk, and from 2 to
4-wk. Females also showed significant increases in growth
rates of the selected line compared to its control line at ear-
ly ages (0 to 6 weeks of age), and also for biweekly growth
rate from 6 to 8. Similar to body weight gain results, the
females of the control line had higher growth rates from
hatch to two weeks of age. Osei-Amponsah et al. (2012)
reported significantly higher growth rates for males than
females in Ghanaian chickens, especially from hatch to 10
weeks of age.

The effect of sex by genotype interaction was studied ex-
tensively in commercial chickens. For example, Udeh et
al. (2015) assessed the genotype x sex interaction in Ar-
bor Acres, Ross, and Marshal chicken strains, the results
revealed that the body weights of arbor acres males were
higher than males and females of the two other strains.
Nevertheless, few studies addressed the interaction effect
in local chickens. EI-Gendy and Helal (2011), and Helal
and El-Gendy (2013) used the same lines (CE2 and CE4)
observed the loss of effect of sex and interaction in the
late ages during the 7* and 8™ generations of selection,
although the effects were highly significant in the estab-
lishment of the genetic lines (EI-Gendy, 2009). A similar
pattern was also observed for another selected line (CE1)
and its genetic control (CE3) and attributed that to the
ceasing of selection due to a genetic drift effect during the
sixth generation of selection this genetic drift affected the
sixth generation and led to reduction in the number of se-
lected chickens (Helal and EI-Gendy, 2013). The current
results indicate that the selection process has retrieved the
interaction effect after 3 generations of selection. Sever-
al previous reports indicated the significant effect of sex
on growth performance and superiority of chicken males
(Thutwa et al., 2012; Choo et al., 2014). On the contrary,
Del Castilho et al. (2013) reported insignificant genotype
x sex interaction on body weight gains, feed conversion ra-

tio, and livability.
CONCLUSION

'The portion of genetic variance that is due to the interac-
tion between genotype and sex is considerable. Although
the genotype-by-sex effect on the performance of the se-
lected line (CE2) was deceased at the 6™ generation of
selection, it has been retrieved at the 10 generation of
selection.
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