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Abstract

Background and Objective: Poultry industry aims mainly to produce genetically superioranimals with high productivity of egg and meat.
Onacommercial scale, the purpose of most quail geneticimprovement programs is to select genetically superior birds for meat and egg
production. The objective of this study was to investigate the effect of short-term selection through four generations of selection in
Japanese quail on egg number at the first 90 days of laying, estimate genetic parameters of egg production traits and estimate the
correlated response to selection. Materials and Methods: Data of 1,352 female Japanese quails were collected through five consecutive
generations (base and four selected generations) to estimate genetic gain, depending on breeding values, for Age at First Egg (AFE), Body
Weight at Sexual Maturity (BWSM), Weight at First Egg (WFE), Egg Number at first 90 days (EN90D) and Average Egg Weight (AEW).
Results: Estimates of heritability for egg production traits were ranged from 0.17 to 0.26. Moreover, positive genetic correlations were
detected (0.18 to 0.43) between all studied egg production traits, except the correlation between AFE and EN90D (-0.32). The contrast
among estimates was significant (p<0.05), favoring the selected generations over the base. The cumulative selection response was
favorable forall unselected traits with the superiority of the selected generations to the base generation. Conclusions: It can be concluded
that early selection based on breeding value for a cumulative egg number at first 90 days of egg production can effectively improve the
total egg production and other egg traits in Japanese quail through four selected generations.
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INTRODUCTION

Worldwide, there is an expanding market for quail
products, including quail eggs. Quail egg production is
concentrated in East Asia, Latin America and some European
countries, with more advances in the production technology
of pickled egg beside fresh eggs'2. For that, the chain industry
of quail egg becomes an important segment as an animal
protein source with high biological value for human
consumption. Japanese quail has been considered as an
economic animal model for research due to its short
generation interval and incubation periods, early maturation,
suitability for genetic studies, resistance against diseases and
great egg production persistency on a high level*$. Egg
production is one of the important economic traits of
Japanese quail, which is influenced by genetic and
environmental factors. Therefore, more research particularly
in the genetic improvement for egg production is required to
support this important egg chain?.

Selection programs are the most important tool for
achieving genetic gainin quail’®. Previous studies showed that
performing selection programs increased egg production of
Japanese quail®™. The genetic improvement programs by
selection depend on genetic variability for productive
traits'>'%. For genetic evaluation, it is necessary to estimate
heritability and genetic correlations between egg production
traits.

Egg production performance is usually evaluated in
poultry by other traits, which can be considered as selection
criteria, such as age at first egg, body weight at sexual
maturity, egg number, egg weight and rate of laying during
certain production periods”'S. Selection based on partial egg
production periods is a usual approach for improving egg
production in poultry to achieve major genetic gain across
generations'”"?, The selection for partial periods shortens the
generation interval, hence greater genetic gain could be
obtained in egg production'22021,

The peak of egg production in quail occurred at part-
period (3 months) egg number of laying with the egg
production rate ranged from?*% 85 to 95%. It was illustrated
that geneticimprovement for increasing egg numbers would
increase the production rate and profitability of Japanese
quail>2¢,

Therefore, this study using a selection experiment was
conducted to, (i) estimate genetic parameters of egg
production traits during the first 90 days of production, (i)
estimate response to selection for increase egg production

and correlated responses of egg traits and (jii) investigate the
breeding value estimates and the genetic trends for the egg
traits across the four selected generations.

MATERIALS AND METHODS

Population structure and bird management: This study was
conducted from September, 2018 to December, 2019 at the
Poultry Research Farm, Faculty of Agriculture, Benha
University, Egypt. Research on live animals met the guidelines
approved by the Institutional Animal Care and Use Committee
in Egypt. A selection experiment was carried out for five
generations and used a total number of 1352 females (262
base population and 1090 for the selected generations).In the
first generation, 133 males and 266 females birds were
selected according to the breeding value of egg number at
the first 90 days of laying from the base population (Table 1).
The selected birds were housed (one selected male with two
selected females) in each breeding cage with dimensions of
25X 25X25 cm and with a sloping floor for egg collection. All
birds were fed a standard diet containing 20% crude protein
and 12.56 MJ kg™' according to the nutrient requirements
recommendations for Japanese quail?”. The temperature of
the hen house was around 22°C and the light was given 16 h
per day and 8 h of darkness. Eggs were collected daily during
the first 90 days of laying, in a pedigree system for each family
depending on its sire and dam. Eggs from each dam/cage
were identified by a specific pattern of egg surface. The
structures of the collected data during the experiment were
presented in (Table 1).

Hatched chicks from each sire and dam, were wing-
banded by small size plastic bands, which were replaced by
wing metal bands at 14 days of age. The chicks were housed
in brooder cages from hatching to 14 days of age and then
transferred into rearing cages. Bird comfort and housing
conditions were carefully monitored daily. A feed consisting of
24% crude protein and 12.14 MJ of ME kg~ based on the
nutrient requirements recommendations for Japanese
quail?” during the growth period (first 6 weeks). Feed and

Table 1: Numbers of sires, dams and hens for different generations

Generation No. of sires No. of dams No. of hens
Base 122 167 262
First 106 188 266
Second 103 196 277
Third 114 197 273
Fourth 111 182 274
Total 556 930 1352
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water were supplied ad libitum and illumination was available
24 h. After 6 weeks of age, all females were transferred to an
individual laying cage where egg production was recorded. All
birds were kept under the same managerial, hygienic and
environmental conditions. Age at First Egg (AFE), Body Weight
at Sexual Maturity (BWSM), Weight at First Egg (WFE), Days
Needed to produce the first ten eggs (DN10), egg number at
first 90 days of laying were recorded for each bird (egg
number were collected daily during first 90 days) and Average
Egg Weight (AEW) and all eggs laid by each bird were weighed
individually 4 days/week.

Geneticanalysis: Data of egg production traits were analyzed
using the following multi-trait animal model:

y=Xb+Zu,+e

where, y is the vector of observations hen,; b is the vector of
fixed effects of generation (five levels), X and Z, is incidence
matrices corresponding to fixed and additive random effects
of the hen (u,), respectively, e is vector of random residual
effects. The VCE6 software was used to estimate the variance
components of random effects and heritabilities?®. These
estimates were used to solve the corresponding mixed model
equations, obtaining solutions for the generation effects and
their error variance-covariance matrix using the PEST
software?,

The genetic (ry) and phenotypic (r,) correlations between
egg production traits were also estimated according to the
formula 230,

o cov(x)”

0 Jvar(x), xvar(x),

Cov, + Cov,

rp=
\/[cz €y +O° a(XlJ + [02 €ixy T O a(xz)}

where, Cov (X); is The covariance between additive genetic
effects for egg production traits, X; and X; is the additive
genetic (a) variances of ith and jth egg production traits. Cov,
is covariance of error between egg production traits,; Cov, is
covariance between egg production traits for the hen, o%ey;,
is the variance of error for trait 1, 0%ay)is the additive variance
of hen for trait 1, o%ey is the variance of error for trait 2, 0%a,
is the additive variance of hen for trait 2.

Estimates of the contrasts between the five generations
of selection were obtained by the least-squares analysis using
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the VCE6 software. The Predicted Breeding Values (PBV) of the
birds with and without records were estimated using the PEST
program?® to evaluate genetic gain. The averages of the
predicted breeding values in each generation were regressed
on the generation number to estimate the genetic trend. The
cumulated selection response (CSR) at generation was
calculated by the following equation3":

CSR = ixhhyr

Ky TgOpy

where, CSR, is the correlated response in trait y, i is the
selection intensity for trait x, h, and h, is square roots of
heritability for traits x and y, respectively, r, is the genetic
correlation of traits xand y and o,,, is the phenotypic standard
deviation of trait y.

RESULTS AND DISCUSSION

The statistical descriptions including mean, coefficient of
variation, minimum and maximum were presented in Table 2.
Inthe current study, the average for egg production traits was
49.9 and 13.2 days for AFE and DN10. For BWSM, WFE and
AEW, the average recorded was 2584, 11.5 and 13.8 g,
respectively and the EN90D was 63.2 eggs in Japanese quail.
These findings are in agreement with those for AFE?632,
BWSM'™633-35 WFE 1213 and EN90D3%-38. However, values for AFE,
BWSM and EN traits are in contrast with previous studies'243,
Coefficients of variation (CV%) for all studied traits were
moderate, ranging from 7.02 to 11.0%, which are in
agreement with previous studies*41426,

Genetic parameters including heritability, genetic and
phenotypic correlations for egg production traits are
presented in Table 3. Estimates of heritability were low and
moderate for AFE (0.20), BWSM (0.24) and DN10 (0.17). These
estimates are related to the decrease in the genetic variability
of the studied population, as a result of the selection program,
which could be due to the population structure. Similar
heritability values were reported for AFE ranging from 0.21 to
0.27%43536_|n addition, Abou Khadiga et a/>2reported a similar
heritability for BWSM (0.25).

Table 2: Descriptive statistics for studies traits in Japanese quail

Trait Mean SD CV% Minimum Maximum
AFE (d) 499 4.21 8.43 47 64
BWSM (g) 258.4 18.16 7.02 252 317
WFE (g) 1.5 113 9.82 6 1"
DN10 (d) 13.2 1.34 10.15 10 17
EN9OD (egqg) 63.2 6.14 9.71 53 70
AEW () 13.8 1.52 1.0 6 18

AFE: Age at first egg, BWSM: Weight at sexual maturity, WFE:, Weight of first egg,
DN10: Days needed to produce the first ten eggs, EN90D: Egg Number at first 90
days of laying and AEW: Average egg weight
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Table 3: Estimates of heritabilities (diagonal), genetic (above the diagonal) and phenotypic (below the diagonal) correlations with their standard errors (%) of traits

Trait AFE (d) BWSM (g) WFE (g) DN10 (d) EN90D (egg) AEW (q)

AFE (d) 0.20%0.02 0432007 0.20£0.05 0242003 -0.32%0.02 0.18%0.04
BWSM (g) 0.30%0.01 024004 028002 029002 034+003 031003
WFE (g) 0.20%0.01 0.23%0.02 0224002 0.2420.04 0.19£0.01 0.3820.04
DN10 (d) 0.2140.02 0.2340.03 0214002 0.1740.02 0.2940.03 0244002
EN9OD (egg) 0.2940.03 0.2840.04 0.18%0.01 0.2540.03 0.260.05 0.2540.03
AEW (g) 0.16%0.01 0.19%0.01 0.17£001 022002 024003 021£0.03

AFE, age at first egg; BWSM, weight at sexual maturity; WFE, Weight of first egg; DN10, days needed to produce the first ten eggs; EN90D, Egg Number at first 90 days

of laying and AEW, average egg weight

In contrast, Ozsoy and Aktan*, reported higher estimates
of heritability for BWSM (0.58) than those reported in the
current study. Heritability for WFE (0.22) was higher than the
estimates reported by Farrag et a/*?, Daikwo et a/?,
Mahmoud et a/'' ranging from 0.04 to 0.16.

Estimates of heritability were moderate for EN90OD (0.26),
in the present study, which indicated an increase in the
additive genetic variance over generations. Valente et a/%*
reported low heritability of EN (0.15) from 11 to 16 week of
age. Narinc et a/* reported high heritability estimates (0.43)
for monthly egg production in laying quail. Okenyi et a/¥
revealed that heritabilities estimates varied from low to high
(0.12, 0.33 and 0.48) in three selected generations for egg
production in Japanese quail. Moreover, Stivanin et a/'
detected moderate heritability estimates, for partial
production of eggs, for the yellow (0.26 to 0.36) and Black
(0.25 to0 0.35) lineages of quail.

The current study showed that the heritability for AEW
was moderate (0.21) as presented in Table 3. This agrees with
previous studies, who showed similar moderate heritability
estimates for AEW in Japanese quail. However, some studies
showed a varied range of heritability estimates of AEW
ranging from 0.14 to 0.83 in quail'3152641,

Estimates of the genetic correlations between studied
traits showed that AFE was positively correlated with all
studied traits with low to moderate ryranged from 0.18 t0 0.43
(Table 3) and was negatively correlated with EN90OD (-0.31). It
means that selection for early AFE will improve egg
production. Lotfi eza/** found high negative ryestimated were
found between AFE and EN from 9 to 12 week of age (-0.74 to
-0.89) in Japanese quail. Also, in Japanese quail, negative and
high magnitude genetic correlation between AFE and EN was
reported by Hidalgo et a/'>. Abou Khadiga et a/* revealed
high positive r, estimates between AFE and both BWSM and
DN10 (0.53 and 0.45, respectively) in Japanese quail. Ozsoy
and Aktan? reported that r, estimates between AFE and EW
had a low magnitude of 0.18.

Phenotypically, in the current study, AFE positively
correlated with all egg production traits ranged from low to
moderate (0.16-0.30) as presented in Table 3. This agrees with
the previous studies of Karabag et a/'® and Alkan et a/*, who
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reported a moderate positive r, between AFE and FEW being
0.320 and 0.224, respectively. Abou Khadiga et a/3? reported
low positive r, estimates between AFE and each BWSM and
DN10 of 0.18 and 0.08, respectively. Ozsoy and Aktan*
reported low negative r, estimates between AFE and EW
of -0.10. In addition, Farrag* reported high negative r,
estimates between AFE and EN of -0.697 in the selected line of
Japanese quail. Daikwo et a/* reported that estimates of r,
between AFE and each WFE, EN and EW were 0.82, 0.71 and
-0.85, respectively.

From the current findings, there were positive and high
genetic correlations (ranged 0.28-0.34) estimates between
BWSMand all egg production traits. This means that hens with
heavier body weight at sexual maturity produce higher eggs
number. Lotfi et a/? found a positive rg between BWSM and
AEW from 9 to 12 week of age (0.65 to 0.94). Ozsoy and Aktan*
showed a low rg (0.12) between BWSM and EW.

Phenotypic correlation estimates between BWSM and all
studied traits were positive and ranged from low to moderate
(0.19-0.30). Ozsoy and Aktan* reported a high and positive
phenotypic correlation estimate between BWSM and EW
(0.51). In the same trend, there was a positive phenotypic
correlation estimate between BWSM and WFE (0.48)".
Lotfi et a/*® reported low and negative r, between WSM and
EN from 9 to 12 weeks of age (-0.02).

The estimate of the genetic correlation was 0.25 between
EN9OD and AEW and was 0.38 between WFE and AEW.
Lotfi et a/?*found a genetic correlation between AEW and EN
at different weeks of age ranged from negative to positive
values (-0.28 to 0.45). Hidalgo et a/' reported positive r,
estimates between EN and AEW being 0.58 for yellow line,
0.09 for Blue line and 0.09 for red line whereas there was
negative r, between the previous traits of -0.18 for meat line
in Japanese quail. Stivanin et a/'? found that r, between total
egg production for 150 days and average egg weight
presented values ranging from 0.45 to 0.49 in both yellow and
black lineages of quail.

The current findings revealed that the phenotypic
correlation estimate between EN90OD and AEW was moderate
(0.24). This in contrast with the findings of Daikwo et a/?* who
reported that the phenotypic correlation between EN and EW
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Table4: Least-square meansforegg productiontraits in different generations along with all possible generation contrasts and their standard errors (=SE) in Japanese

quails

Generation AFE (d) BWSM () WEE (g) DN10 (d) EN9OD (egqg) AEW (g)

Base generation (Gg) 52.1£0.56° 244.0£1.23¢ 104%0.11¢ 14.21£0.8° 58.9+0.24 13.0+0.12
1st generation (G;) 50.7£0.55P 251.0£1.23¢ 10.7£0.11¢ 13.33X07° 60.7£0.1¢ 13.5%£0.13
2nd generation (G,) 49.6£0.52¢ 259.0+1.4¢ 10.9£0.11¢ 13.12 £0.7° 63.5+0.1° 13.7£0.12
3rd generation (Gs) 48.7+0.31¢ 264.0%1.4° 11.4£0.10° 12.42+0.7° 65.81+0.12 14.2+0.13
4rd generation (G,) 48.5+0.22¢ 272.0£1.55° 11.7£0.132 12.35%0.6° 66.6+0.1° 14.3%+0.13
Gy vs. G, 0.8+0.50* -7.0£23.2 -0.3£0.15 0.88+0.24* -1.8£0.27* -0.5£0.01
Gy vs. G, 2.5+0.52* -15.0£2.% -0.5£0.1% 1.09£0.24* -4.61£0.27* -0.7£0.01
Gy vs. Gs 3.4£0.50* -20.0£22* -1.0+0.1* 1.79+0.23* -6.91+0.26* -1.2%0.02
Gy vs. G, 3.6%+0.50* -28.0£23*. -1.3+0.15* 1.861+0.24* -7.7+0.27* -1.3%£0.12
G, vs. G, 1.7£0.48* -8.0£222 -0.2£0.14* 0.21£0.23 -2.8£0.26* -0.2£0.01
G, vs.Gs 2.6%+0.50 -13.0+0.5* -0.7£0.5% 0.91£0.50 -5.1£0.50* -0.7£0.11
G, vs. Gy 2.8+£0.52* -21.0%+0.5% -1.0+0.5% 0.98+0.52* -5.61+0.52% -0.8%+0.12
G, vs.G; 0.9+0.50* -5.0£0.50 -0.5£0.5% 0.70£0.50 -2.3£0.50% -0.5+0.10
G,vs. G, 1.1£0.49% -13.0+£04* -0.8£0.4% 0.77£0.49* -3.1£0.49* -06£0.13
G3Vs. G, 0.21+0.50 -8.0£0.5 -0.3£0.50 0.07£0.50 -0.8£0.50 -0.1£0.01

AFE: Age at first egg, BWSM: Weight at sexual maturity, WFE: Weight of first egg, DN10: Days needed to produce the first ten eggs, EN9OD: Egg Number at first 90 days
of laying and AEW: Average egg weight, *Means with the same letters within each trait are not significantly different (P X 0.05)* Generation effect significantly different
(P 0.05), **Sign is the mathematical result of the contrast operation which determine the superiority of generations and describe the direction of improvement

at 90 days of laying was negative and low (-0.10) in Japanese
quail. Similarly, Lotfi er a/?® found that the r, correlation
between AEW and EN from 9 to 12 week of age was 0.14 in
Japanese quail.

Least squares means of the studied traits for both base
and selected generations are presented in Table 4. The mean
for AFE in the base, 1st, 2nd, 3rd and 4th generations were
52.1, 50.7, 49.6, 48.7 and 48.5 days, respectively. The
corresponding generational means for DN10 were 14.21,
13.33, 13.12, 1242 and 1235 days, respectively. The
differences were significant (p<0.05) for AFE and DN10
between generations. Age at first egg and DN10 decreased
progressively with advancing generations. The decreasing
trend observed for AFE and DN10 over generation reflects a
negative correlated response in these traits due to the
selection for increased egg numbers. Our findings agree with
those reported for AFE*323645, However, a different trend
reported by Bahie El-Deen et a/* who showed that the overall
means of AFE were 52.61 and 50.45 d for control and selected
lines in Japanese quail.

Least square means for BWSM were 244, 251, 259, 264
and 272 g of the base, 1st, 2nd, 3rd and 4th generations,
respectively (Table 4). There were significant differences
(p<0.05) for BWSM among generations with an increasing
trend over generations. This result indicated a positive
correlated response for BWSM when performing selection for
high EN90D, which agreed with the findings of Karabag et a/'¢,
Ozsoy and Aktan* and Abou Khadiga et a/>2.

The means for egg number and average egg weight are
shown in Table 4. The least square means of EN90OD in the
base, 1st, 2nd, 3rd and 4th, generations were 58.9, 60.7, 63.5,
65.8 and 66.6 eggs, respectively. Means for AEW were 13.0,

28

Table 5: Estimates of Cumulative Selection Response (CSR) and their
(*standard errors) for the unselected traits through four generations

of selection
Traits CSR
AFE (d) -3.1+0.03*
BWSM (g) 26.8+0.06%
WFE (g) 1.4%0.02*
DN10 (d) -1.610.02*
AEW (g) 0.98+0.03

AFE: Age at first egg, BWSM: Weight at sexual maturity, WFE: Weight of first egg,
DN10: Days needed to produce the first ten eggs, Average egg weight,
*p<0.05

13.5,13.7,14.2 and 14.3 g, respectively. There were significant
differences (p<0.05) in EN90OD and AEW between the
generations. While EN90D and AEW increased progressively
with generations. These higher values reflect a positive
correlated response in AEW due to selection forimproved EN,
which agreed with the positive genetic correlation between
EN and AEW. Asasi and Jaafar?’ showed that egg weight
ranged from 9.76 to 11.63 g in Japanese quail. However,
Khaldari et a/' reported that egg weight was 13.40 and
12.80 g in the selected and control populations, respectively,
during selection for increased body weight at 4 week.

Estimates of contrast between selected and control
generations for the egg production traits are given in Table 4.
The contrast among estimates of these generations was
significant (p<0.05) for AFE, BWSM, WFE, DN10, AEW, favoring
the selected generations. Similar results were reported by
Alkan et a/** and Mahmoud et a/™".

Geneticgaintoselection: Cumulative selection response after
four selected generations was favorable for all unselected
traits and showed the superiority of the selected generations
compared to the base generation (Table 5). Responses were
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Fig. 1(a-f): Means of the predicted breeding values by generation for unselected traits in Japanese quail

significant (p<0.05) for AFE (-3.03 days), BWSM (26.8 g), WFE
(1.4 g) and DN10, (-1.6 days) while was not significant for AEW
(0.98 g) after four selected generations. These results reflect
the positive responses to selection, for unselected traits for
BWSM, WFE and AEW and negatively correlated responses for
AFE and DN10. This demonstrated that, selection for egg
number was associated with an increase in BWSM, WFE and
AEW. On the other hand, the decline in AFE and DN10
indicates that selection for EN was associated with a decrease
in AFE and DN10. Clearly, the realized genetic gains from this
selection program depending on breeding value estimates
could result in a great improvement in genetic gain. Similar
results were reported for AFE, BWSM and DN1032%, the same
results have been shown for EN and AEW™. On the other hand,
Okenyi et a/* reported lower BWSM and EW in a selected line
for short-term 30-day egg production for two generations.
Ramzy et a/*® reported that cumulative selection response to
selection for early sexual maturity decreased EW from 10.74 to
10.04 g but BWSMincreased from 136.32 to 139.32 g after four
selected generations in Japanese quail.
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The genetic trends for egg production traits across the
generations were presented in Fig. 1. Estimates of the genetic
trend for BWSM, WFE, EN90OD and AEW gradually increased as
the generation advanced as shown in Fig. 1b,c,e and f. On the
other hand, genetic trend estimates for AFE and DN10
gradually decreased in the subsequent selection generations
as shown in Fig. 1a and d. This increased genetic trend in the
selected generations illustrated the efficiency of selection for
EN9OD of laying. The estimation of the genetic trend was
necessary for the evaluation of the genetic improvement
program. The current results agree with Abou Khadiga et a/*2
who observed a linear decrease trend of AFE and DN10 in
selected populations as the generations progressed.

CONCLUSION

In conclusion, the construction of genetic improvement
program through selection depending on the breeding value
for EN9OD of laying could result in a great improvement in
genetic gain. Superiorities in the selected generations
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indicated that selection for EN9OD in Japanese quail was
associated with an improvement in other egg production
traits. In addition, the cumulative correlated responses of
selection for high EN90D of laying in Japanese quail through
four selection generation increased with generations.
Therefore, genetic improvement in egg production
performance in Japanese quail could be achieved through
practicing selection for egg number at first 90 days of laying
and more improvement could be achieved through selection
for more generations based on breeding value estimates. This
saves effort, cost and increases the return and profitability of
the Japanese quail’s breeder.

SIGNIFICANCE STATEMENT

Practicing short-term selection for egg number at first
90 days of laying based on breeding value estimate
successfully improved egg production performance, saved
time, effort, cost and increased egg profitability in Japanese
quail.
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