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ABSTRACT

The estimation of genetic parameters of certain productive characters in different lines of
quail is very important to make a breeding schedule for such lines of quail in the future. This
study was carried out for three generations to estimate the response to selection, selection
deferential, genetic, and phenotypic correlation between studied traits (growth and laying
performance) and heritability estimates in two lines of Ukrainian quail (Coturnix coturnix
coturnix). A total of 120 Ukrainian quails from (500) quail birds (base population), were
selected as parent generation for both lines and also 120 offspring birds specified for the third
generation. The selection was based on body weight which was carried out on the 20" day of
age. The results showed that the selection can improve breast weight, leg weight, carcass%o,
and live body weight in both lines. However, the realized heritability has moderate values for
42-day age body weight for both lines; but the dark line recorded a higher genetic correlation
between body weight and weight gain compared to the white line. The highest phenotypic
correlation estimates between body weight and egg weight were recorded for the white line; in
addition, the same line receded better estimates for the studied genetic parameters in all other
studied characteristics. It could be concluded that the selection based on the genetic
parameters for growth and laying traits was effective for improving it through the three
generations.

Keywords: Genetic and phenotypic correlation, response to selection, selection deferential,
heritability, quail.
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INTRODUCTION

European and Far Eastern Japanese quails
(Coturnix Coturnix Spp), have been considered
as different, however, closely related as two
subspecies: The Common quail Coturnix
coturnix coturnix and the Japanese quail
Coturnix coturnix japonica Barilani (7). The
common quail (Coturnix coturnix coturnix) is
an abundant and widespread Palearctic bird
species (Cramp and Simmons (8). The
common quail is registered in Annex 11/2 of
the EU Birds directive and is one of the most
important game species in Europe. Among the
different types of poultry farms, Coturnix
coturnix spp is widely used in the agricultural
sector for the production of eggs and meat
(14,15,20,35). Quail is a common bird model
in numerous fields of research because of its
small body size, short generation interval (3-4
generations per year), resistance to many
common avian diseases, high egg production,
wonderful laboratory experimental bird, less
feed consumption and easy maintenance
(2,40). To establish a breeding program, it
must estimate genetic parameters for
improving the traits (16) reported that the
efficiency level of production and reproductive
traits are affected by both genetic and
environmental factors. Genetic parameters and
the phenotypic relationship between body
weight, carcasses, and organ parameters of
quail were estimated by (17,18,39) who
reported that the carcass traits of heavy quail
line under introgression with the roux gene.
Most of the investigations related to Coturnix
Japanese while other lines were less studied.
Other researchers reported the genetic
correlations between traits assuming major
importance to improve correlated traits
(6,21,36). However, it should not be neglected
the role of phenotypic correlations and
accessibility of records, pedigree information,
and reputable pedigree information s
necessary to design a breeding program, but
dependable pedigree information is not often
available in quail production systems Sari
(30). Although genetic and phenotypic
correlations between body weight and egg
production traits were negative (13,36) the
greater impact on body weights has resulted in
lower egg production and vice versa.
Therefore, partitioning the quails into egg- or
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meat-producing types based on their capability
of producing egg or meat at the earlier stages
would be helpful for quail production
investment.  Nevertheless,  genetic  or
phenotypic correlations between early body
weights and slaughter weight are weak, which
may be due to the nature of the growth pattern
in quails Barbieri (6). However, genetic or
phenotypic selection of the birds based on
early growth performances (as correlated
traits) does not lead to improvement in
slaughter weight. This may be due to the
nonlinear nature of the growth pattern of the
birds or the presence of maternal effects,
which are not inherited at older ages (1,5). The
basic tool for improving the productive
potential of birds is selection. Different
selection strategies have been working
throughout the world comprising mass
selection to full pedigree selection (9,23).
Selection programs improve economic traits in
broilers, growth rate, and carcass characters
have improved 2.4-fold and the feed
conversion ratio has improved 0.025% per
year.  Selection  experiments  provide
background information on the inheritance of
complex traits and allow the evaluation of
hypothetical ~ predictions by  comparing
observations and expectations Szwaczkowski
(38). This study was aimed, at the selection of
European quail for body weight at six weeks
of age, egg production and carcass traits were
carried out for three generations to estimate
the response to selection, selection deferential,
genetic and phenotypic correlation between
traits, and heritability estimates in two lines of
Ukrainian quail (Coturnix coturnix coturnix).
MATERIALS AND METHODS

Birds management: This study was performed
at the poultry farm of the animal production
department, College  of  Agricultural
Engineering Sciences, University of Duhok
during (1/4/2021-20/8/2021). A selection
experiment was carried out for three
generations for two lines of Ukrainian quail
(white and dark lines). In this experiment, both
lines used a total number of 500 Ukrainian
quail as the base population. A total of 120
quail were selected as parents for the second
generation, and 120 hatched offspring were
used as new parents for the third generation.
During the breeding period, the diet was
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composed of 26% crude protein and 2,950
Kcal of metabolizable energy per kg, and for
the laying period, the birds were fed
commercial feed containing 20% CP and
2,650 kcal ME/kg, During the experimental
period, the feed and water were given ad
libitum. Lighting programs were 24 hours per
day for 3 days and then, from the 4™ day to the
42-day old, the birds were provided with 23
hours per day. However, lighting programs for
the egg production period were 16 hours per
day, and it was kept constant until the end of
the experiment. The temperature of the birds’
rearing house gradually decreased from 36 °C
in the first three days to 24°C in the 4™ week.
Afterward, it was maintained between 24 and
20°C until the end of the experimental period.
Birds from both lines were housed in group
cages with three replications and 20 birds for
each replication. Selection based on body
weight was performed at the 20" day of age,
where 120 unsexed quail with higher body
weight for two lines were selected, from a base
population, corresponding to about 24% of
selected birds These procedures were repeated
in every generation for determining some
genetic parameters.

Studied traits: The selection was done
according to the high body weight and egg
production traits. Selected birds were weighted
weekly for live body weights (g) individually
using a sensitive balance until the 42-day-old,
weight gain (g) was computed as the
difference between the next and previous body
weight, and feed conversion ratio was
measured as the ratio of feed intake (g) to
weight gain (g), for each line within each
generation. In addition, at 42-day age, four
males were slaughtered to determine the
carcass characteristic within each group. The
carcass dissections were determined as a
percentage of pre-slaughtered live body weight
for each generation. However, at 45 days of
age for egg production, the birds were sexed
and re-distributed on cages with three
replicates for each line separately as families
(10 females with 3 males), for 5 successive
weeks (From 45 days old up to 177 days of
age). At 45 days old, the both exterior and
interior quality of the egg were measured.
Exterior quality included egg weight, shell
weight, shell thickness, and egg index, and
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interior quality included albumen index, yolk
index, and HU. Egg and shell weight were
measured using digital scales. Shell thickness
was obtained by caliper. Data was calculated
using the following formula:

Egg index (%) =egg width (mm)/egg length
(mm) x 100

2. Eggshell weight (%) = Eggshell weight
(9)/Egg weight (g) x 100

3. Yolk Index =yolk height (mm)/yolk
diameter (mm) x 100

4. Albumen Index =albumen height
(mm)/average of albumen length and width
(mm)x 100

5. HU = 100 log [(albumen height (mm) +
7.57) — (1.7 x egg weight (9)**"]
6-Albumen%=Albumen weight (g)/egg
weight (g) x100

7-Yolk %= Yolk weight(g)/ egg weight (g)
x100

8-shell%= shell weight (g)/ egg weight(g)
x100

The main estimated parameters for the studied
traits were:

- Selection differentials, which were computed
as the difference between the selected parent
mean and the base population mean:  S=ml-
mO0

-Response to selection was calculated as the
difference between the offspring mean and the
base population mean; R=M2-MO0

-Realized heritability was estimated by
dividing response to selection on the selection
differential for each trait. h? =R/S

-Genetic correlations between some growth
traits and egg production traits were estimated
from the covariance between two traits
according to the equation of geometric method
(Falconer and Mackay, 1996):

ry =" (CovZ2X1 * Cov Z1X2) / V (CovZ1X1
* Cov Z2X2).

Where:

1 and 2: characters.

Z: observations of selected parents.

X: observations of progeny.

- Phenotypic correlation = Cov xy \ sx*sy

Cov xy = covariance between x & y

Sx; sy = variances of both studied characters.
Statistical analysis: The results were
statistically processed using the MS Excel
software, to evaluate selection responses, and
realized heritability and correlation coefficient
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were calculated; hence, line means in each
generation were calculated. The calculation of
line and generation, specific means was done
by the following model within SAS, SAS
(32):=

Yij= 1 +Li+Gjteiji

Where: Yij observed trait; 4 overall mean; L;
fixed effect of it line; G; fixed effect of jt
generation; ejjx random error.

RESULTS AND DISCUSSION

Response to selection for 42-day body weight
and weight gain after the selection has been
significantly improved (18.41 and 6.47 gm.,
respectively) and for white line and dark line
(15.38 and 9.83, respectively) which is shown
in Table 1. This means that the white line has a
greater response for body weight than the dark
line and less weight gain.

Table 1. Genetic correlation, selection differential, response to Selection, and realized
heritability (h?) for 42-day body weight and weight gain in two lines of common quail

Lines Traits Genetic parameters
B.W S 34.04
White R 18.41
h? 0.54
W.G S 11.43
R 6.47
h? 0.57
G. correlation 0.69
B.W S 24.81
Dark R 15.38
h? 0.62
W.G S 15.61
R 9.83
h? 0.63
G. correlation 0.72

S; selection differential, R; response to selection, h?; heritability, B.W; body weight and W.G; weight gain

However, the results showed that the realized
heritability had moderate values for 42-day
age body weight and weight gain after
selection which were different for white and
dark lines (0.54-0.57), (0.62-0.63),
respectively. This is in agreement with that of
(3,24,3019), who found that the estimation of
heritability for body weight at 4 - 8 weeks of
age ranges between (0.47 to 0.74). Method of
estimation, population, or sample size perhaps

causes the differences in heritability value in a
different line. However, the differences in
heritability are affected by gene action,
environmental effects, estimation method, line
and sampling error caused by sample size
Prado-Gonzalaez(28) Regarding to genetic
correlation between body weight and weight
gain, the highest genetic correlation estimate
was (0.72) for the dark line which surpassed
the white line (0.69)

Table 2. Genetic correlation and phenotypic correlation coefficients for carcass traits within
studied lines of 42-day ages of common quail

Traits Line l.b.w Legs Breast carcass%
I.b.w W - 0.79** 0.86** 0.53*

D - 0.56* 0.73** 0.79**
Legs W 0.64* - 0.73** 0.67*

D 0.89** - 0.44 0.26
breast W 0.46 -0.58* - 0.63*

D 0.83** -0.77** - 0.24
carcass%o W 0.61* 0.28 0.62* -

D 0.66* 0.47 0.94** -

Phenotypic correlation above the diagonal and genetic correlation coefficients below the diagonal. *=significant

at (P<0.05). **=significant at (P<0.01).

The phenotypic and genetic correlation
estimates for live body weight (l.b.w),
carcass%, breast, and legs that were measured
in the study are presented in Table 2. Genetic
correlations of l.b.w with other studied traits
were positive and its value was moderate to

1987

high in both lines, except the correlation
coefficient between l.b.w and breast % in the
white line (0.46). However, the genetic
correlation between l.b.w and other traits
showed that the selection for l.b.w would
increase carcass%, breast, and leg weight in
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the dark line. In addition, estimates of genetic
correlation for legs with breast weights were
negative for white (-0.58) and dark lines (-.77),
but the correlation coefficients between leg
weight and carcass percentage had a positive
low value (0.28- 0.47) in white and dark lines
respectively. Also, correlation coefficients of
breast weight with carcass% were (0.62 and
0.94) in white and dark lines of quails,
respectively. In general, these results showed
that the selection has increased breast weight,
leg weight, carcass%, and lL.b.w weights in
both lines, but the dark line has more response
than the white line. Regarding, phenotypic
correlations the results showed that all
correlation coefficients were positive and most

of them were medium to strong (Table 2). The
phenotypic correlation estimates for l.b.w.
with legs and breast weight had high
coefficients (0.79 and 0.86) in the white line,
and (0.56 and 0.73) in the dark line.
Phenotypic correlation estimates between
breast and leg weight in the two lines were
(0.73 and 0.44), also the phenotypic
correlation estimates between carcass% and
both legs and breast have higher values in the
white line compared to the dark line.
Generally, poultry breeders have focused on
selection for the highest breast yield and
carcass percentage for the consumers’ demand
for processed poultry products Zerehdaran
(42).

Table 3. Heritability, genetic correlation, and phenotypic correlation coefficients for egg
production traits within studied lines of common quail

Traits Line BW.42 FCR E.N E.W
BW.42 W 0.54 -0.49 -0.97** 0.77**
D 0.62 -0.44 -0.90** -0.59*
FCR W 0.88** -0.72 0.70** 0.93**
D NE -0.87 0.22 0.98**
E.N W NE 0.30 0.69 -0.91**
D NE NE 0.54 -0.39
E.W W NE 0.59* 0.96** 0.81
D 0.88** EN 0.98** 0.76

Phenotypic correlation above the diagonal, Heritability on the diagonal, and genetic correlation coefficients
below the diagonal. *=significant at (P<0.05); NE = Non-estimated due to the extreme replication

Heritability,  Genetic, and  phenotypic
correlations were estimated for five successive
weeks in the early laying period and were
shown in Table 3. The highest phenotypic
correlation estimate between body weight and
egg weight was recorded for the white line
(0.77) which was significant at (P<0.01)
compared to the dark line (-0.59). In addition,
phenotypic correlations for white and dark
lines (0.93 and 0.98) were estimated for feed
conversion ratio with egg weight. This result
showed that the white line has a better FCR in
the laying period. The negative phenotypic
correlation coefficients were recorded for EW
with EN in both lines (-0.91 and -0.39),
respectively. Regarding, the  genetic
correlation in laying periods for FCR*BW was
significant (0.88) at the white line, but it was
not estimated for the dark line, also the genetic
correlation was not estimated between
EN*BW for both lines. The sample size of
replication or estimated method may affect the
previous results. Moreover, the genetic
correlation between studied traits ranged from
0.30 to 0.98 for laying hens, these results are
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in agreement with that found by (25,33), who
computed the genetic correlation between the
same traits ranging from 0.83 to 0.96 for egg-
type quails. (41), reported that the highest
correlations among estimated records were due
to similar gene action over time, also they
mentioned that the early laying periods have
been more affected by genes related to age at
sexual maturity. The present results are similar
to those found by (13,36), who reported that
the negative correlations were between BW
and egg production traits, they showed that
highest body weights lead to lower egg
production and vice versa. Heritability values
were computed for white and dark lines as
shown in Table 3. BW, FCR, EN, and EW
heritability estimates were (0.54 and 0.62),
(0.72 & -0.87), (0.69 & 0.54), and (0.81 &
0.76) in white and dark lines, respectively. The
present results contrasted with that found by

Pereira (27), who mentioned that egg
production traits have low values of
heritability because of the effect of

environment on trait variation. In addition, low
heritability could be observed due to
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homozygosity for special traits leading to the
lowest genetic variance. On the other side, the
high value of heritability indicates the

increasing additive genetic variance among
generations Falcorner (10).

Table 4. Genetic correlation for egg quality traits within studied lines of common quail

Line EW-HU EW-YP EW-ALP  EW-ShP YP-ALP
White -0.89 ** -0.79* 0.52* 0.87** 0.72*
Dark -0.78* -0.65* 0.64* 0.65* 0.69*

EW: egg weight, HU: Haugh unit, YP: yolk percentage, ALP: albumen percentage, ShP: shell percentage

Table 4, shows the genetic correlation
coefficients of external and internal egg
quality traits in white and dark lines of
common quail. Commonly, genetic
correlations between studied traits in both lines
were high. A high and negative genetic
correlation was recorded between egg weight
and the Haugh unit in the white line (-0.89)
which surpassed the second studied line (-
0.78), however, the Haugh unit is an important
scale to evaluate egg quality, based on
albumen height of the egg. These results
contrasted with those recorded by Sari and
Saatci (31) who mentioned the genetic
correlation between EW-HU unit was (-0.06),
EW-ALP (0.06), and EW-ShP (-0.15). (37)
reported that the new eggs, albumen height of
eggs was the highest and decreased with
increasing storage time. Also, high and
negative correlations were found between egg

weight and yolk percentage (-0.79 and -0.65)
in white and dark lines, respectively.
Additionally, moderate and positive genetic
correlations were found between egg weight
and albumin percentage, and was for the white
line as (0.52), and also positive and high
correlation recorded for the dark line (0.64).
The correlation between egg weight with shell
percentage and between yolk % and albumen
% was strong and high. The genetic
correlations can be used to improve egg
quality by selection according to the yolk and
albumen ratio. On the other hand, a selection
for egg weight occurs by making a selection
on yolk percentage because yolk percentage is
a proportion of yolk weight and egg weight.
These results are in agreement with that found
by (22,31), they showed a high and positive
genetic correlation between egg weight and
shell weight (0.85 and 0.75) respectively.

Table 5. Phenotypic correlation for egg quality traits in the dark line of common quail

Traits EW E.S Y.H Y.W Y.D Yl ALW  AL. Al AL.I  Sh.W HU YP ALP  Sh
H .D P

E.W 1

E.S -0.01 1

Y.H 0.30 0.43 1

Y.W 0.89**  -0.16 0.38 1

Y.D -0.09 0.19 0.05 -0.08 1

Y.l 0.32 0.29 0.88**  0.39 -0.43 1

ALW  0.94**  0.02 0.22 0.71**  -0.14 0.28 1

AL.H -0.18 -0.19 -0.20 -0.18 0.44 -0.40 -0.21 1

Al.D 0.13 0.18 0.17 0.08 0.34 0.00 0.17 -019 1

AL.I -0.22 -0.22 -0.23 -0.19 0.18 -0.30 -0.25 2;88 0 - 1

Sh.w  0.79** 023 0.17 0.70**  0.12 0.11 0.65* 0.06 O-.06 001 1

H.U -0.32 -0.18 -0.24 -0.30 0.45 -0.43 -0.33 2.*99 -0.19 2.*87 -0.07 1

Y.P 0.05 -0.35 0.25 0.49 -0.03 0.23 -0.25 -0.04 -0.10 0.01 0.03 -0.05 1

AlLP -0.03 0.11 -0.17 -0.41 -0.12 -0.09 0.31 -0.12 014 -015 -031 -0.10 S 1

Sh.P -0.03 0.40 -0.10 -0.03 0.30 -0.23 -0.19 0.32 -0.09 029 0.58* 0.29 S)08071 048 1

E.W: egg weight, E.S: egg shape, YH: yolk height, YW: yolk weight, Y.D: yolk diameter, YI: yolk index, AL.W:

albumen weight,

AL.H: albumen height, AL.D: albumen diameter, AL.I: albumen index, Sh.W: shell weight,
H.U: haugh unit, Y.P: yolk percentage, AL.P: albumen percentage, Sh.P: shell percentage.
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The phenotypic correlation between the
external and internal quality characteristics of
eggs in the dark common quail line (Coturnix
coturnix coturnix) is illustrated in Table 5. The
phenotypic correlations between egg weight
with the following characteristics -yolk weight
was (0.89), albumen weight was (0.94), and
shell weight was (0.79) - which were high and
positive; and with other traits, the correlations
were low to moderate. High levels of positive
correlations were shown between yolk high

and yolk index (0.88) and between yolk weight
and shell weight (0.7). The phenotypic
correlation of albumen high with albumen
index and albumen high with Hugh unit were
positive and high (0.88 and 0.99), respectively.
Moderate and negative correlation was
estimated between albumen percentage with
shell percentage (-0.48). Low and negative
correlations were found between egg weight
and shell percentage. These results are similar
to that found by another researcher (4,22).

Table 6. Phenotypic correlation for egg quality traits in the white line of common quail

Trait Ew. E.S Y.H Y. W Y.D Yl ALW AL. H AlD ALl Sh. HU YP AIP Sh
W. P

EW 1

E.S -013 1

Y.H -0.12  0.09 1

Y.W. 087 -034 -0.18 1

**k

Y.D 017 -0.11 0.25 0.16 1

Yl -0.23 0.16 0.69 -0.28 -0.53 1

AL. 084 0.09 -0.01 0.48 0.17 014 1

W

AL. 014  -0.16 0.48 -0.02 0.13 031 019 1

H

AID 033 003 031 0.01 0.14 0.17  -0.05 -0.04 1

ALI -0.06 -0.14 0.28 -0.01 0.03 021 0.8 0.86** -0.53* 1

Sh. 016 0.14 -0.04 0.24 -0.14 0.06  0.27 0.44 -0.37 0.57* 1

W.

HU 042  -0.16 051 -0.19 0.11 036  0.02 0.98** -0.01 0.82 036 1

YP -0.05 -0.50 -0.20 0.83** 0.14 -0.29 -0.06 -0.18 0.07 -0.18 001 -026 1

AIP 046 042 0.19 -0.66 -0.01 0.18 0.30 0.06 0.05 0.01 -028 009 -090 1

ShpP -0.27  0.27 0.07 -0.53 -0.31 028 -0.51 0.29 -0.26 0.38 058 039 -0.39 -0.052 1

E.W: egg weight, E.S: egg shape, YH: yolk height, YW: yolk weight, Y.D: yolk diameter, Y1: yolk index, AL. W:
albumen weight, AL.H: albumen height, AL. D: albumen dimeter, AL. I: albumen index, Sh.W: shell weight,
H.U: haugh unit, Y.P: yolk percentage, AL.P: albumen percentage, Sh.P: shell percentage.

Table 6, illustrates the phenotypic correlation
coefficients between different internal and
external egg quality traits in the white line of
common quail (Coturnix coturnix coturnix).
Phenotypic correlations of egg weight with
other study traits ranged from negative -0.05
up to positive and high coefficient 0.87.
Correlations of egg shape with yolk percentage
and albumen percentage were moderate (-0.50
and 0.42), respectively. In addition,
phenotypic correlations between yolk high
with yolk index, albumin high, and Hugh unit
were (0.69,0.48 and 0.51), respectively. Also,
the correlation between yolk weight with
albumen percentage was (-0.60), and with

shell percentage was (-0.53) as negative and
moderate. The same coefficients between yolk
dimeter with yolk index was (0.53), albumin
weight with shell percentage was (-0.51) and
with albumin, the percentage was (0.30). The
phenotypic correlation between albumen high
with each of albumen index, Hugh unit, and
shell weight was positive and relatively high to
moderate (0.86,0.98 and 0.44), respectively.
Moreover, the correlation between albumen
diameter with albumen index has a negative
and moderate value (-0.53) in the white line of
common quail. Phenotypic correlations
between albumen index with each of shell
weight was (0.57), Hugh unit (0.82) and shell
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percentage was (0.38); and for shell weight
with shell percentage was (0.58), Hugh unit
with shell percentage was (0.39). Finally, the
correlation coefficient between the yolk
percentage and with albumen percentage was
negative (-0.90) and with shell percentage was
also negative (- 0.39). The current results are
in agreement with that reported by Seker (34),
who found a similar correlation coefficient
between egg shall weight and egg shall
percentage. Anyway, eggshell percentage is
affected by egg size and egg weight, and there
is a high correlation between shell strength and
shell thickness Ozgelik (26).
CONCLUSIONS

It could be concluded that the selection based
on the genetic gain (response to selection) in
quail improving breast weight, leg weight,
carcass percentage, live body weight, and egg
production traits in both lines.
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