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Abstract: This study was conducted to determine the genetic correlation and heritability for age at sexual maturity, body weight
at sexual maturity, egg yield, egg weight, egg shape index and L*, a*, b* values of egg shell in a Barred Rock line was applied selection.
For this aim, a total of 1622 pedigreed Barred Rocks were selected. The present estimated heritability values for investigated traits
were found between moderate-to-high. However, the heritability of egg yield, eggshell color and body weight at sexual maturity were
found lower than those of other traits. It was calculated positive correlations among monthly egg yields, especially between egg yield
at the second month with total egg yield. As a conclusion, selection studies did not cause much decrease in genetic variation of studied
traits, except for egg yield and body weight at sexual maturity. Monthly egg yield data can be used selection studies.
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Seleksiyon uygulanan Barred Rock hattinda bazi performans ozellikleri icin genetik parametrelerin
tahmini

Ozet: Bu ¢alisma, seleksiyon uygulanan Barred Rock hattinda yumurta verimi, cinsel olgunluk yasi, cinsel olgunluk agirlig,
yumurta verimi, yumurta agirligi, yumurta sekil indeksi ve yumurta kabuk L*, a*, b* degerlerinde kalitim derecesi ve genetik
korelasyonlar1 belirlemek igin yiiriitiilmiistiir. Bu amagla, toplam 1622 pedigrili Barred Rock secilmistir. Incelenen &zelliklerin
hesaplanan kalitim dereceleri orta ile yiiksek degerler arasinda oldugu goriilmiistiir. Bununla birlikte, yumurta verimi, yumurta kabuk
rengi ve cinsel olgunluk agirlig1 6zelliklerinin kalitim dereceleri digerlerine gore daha diisiik bulunmustur. Ozellikle ikinci aydaki
yumurta verimi ile toplam yumurta verimi arasinda olmak iizere, aylik yumurta verimleri arasinda pozitif korelasyonlar hesaplanmigtir.
Sonug olarak seleksiyon ¢aligmalari, incelenen 6zelliklerden cinsel olgunluk agirligi ve yumurta verimi disindaki 6zelliklerin genetik

varyasyonunda fazla bir azalmaya neden olmamigtir. Aylik yumurta verimi seleksiyon ¢aligmalarinda kullanilabilir.
Anahtar sozciikler: Genetik korelasyon, kalitim derecesi, performans 6zellikleri, yumurtact damizlik.

Introduction

Poultry meat and egg have been the most important
contributors to animal protein requirement of increasing
world population. Turkey has been one of the important
leading countries in the poultry production and relevant
technologies (18). North American and European
breeding companies have dominated for hybrid animal
materials more than 2/3 of global market (11, 32, 33). The
Poultry Research Institute in Turkey has been continuing
its mission of poultry breeding based on layers for many
years. In 1995, the selection studies were conducted on 10
pure lines taken from abroad by taking into consideration
egg weight, egg yield, age and weight at sexual maturity.
In these studies, one white and two brown native hybrids
were developed. The performance of hybrids and

comparison studies with foreign hybrids have been
continued while selection studies have been conducted on
pure lines to be used to produce hybrid combinations.
Aims of the poultry breeding programs are to
improve the genetic potential of birds through
crossbreeding and selection schedules. Poultry breeding
studies include, mainly, two stages. The first one covers
selection studies to improve performance at pure line
level. All genetic parameter estimations, breeding value
estimations and molecular genetic methods are performed
at this stage. This provides the highest homozigotization
in terms of additive gene effects with all the processes (19,
25). Almost all current studies have been related to this
stage. The breeding companies have worked on selection
studies to improve their layer lines for some performance
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traits such as age at sexual maturity, body weight at sexual
maturity, feed conversion ratio, livability, egg yield, egg
weight, shell strength, shell color, blood and meat spots
and albumen height (33). The second stage of poultry
breeding covers hybridization processes of lines
developed by selection and comparison of hybrid
combinations. At this stage, the special combination
capabilities of hybrid lines with general combination
capabilities are determined, and thus, non-additive
(dominance and epistatic) gene effects are utilized. Highly
selected elite sire and dam pure lines construct the basis of
today’s layer breeding programs. Commercial layers are
obtained from three-way or four-way crosses of specific
closed pure breeding lines. Barred Rock is one of the lines
developed in the Poultry Research Institute. In this breed,
egg vyield parameters were studied. The aim of this study
was to estimate heritability and genetic correlations for
some performance traits (age at sexual maturity, body
weight at sexual maturity, egg yield, egg weight, egg
shape index and L*, a*, b* values of egg shell) in a Barred
Rock line was applied selection.

Material and Methods

Animals: The Barred Rock line used in this study
was selected for generations using multi-trait selection
methodology considering four traits (egg vyield, egg
weight, age and body weight at sexual maturity) from
1996 up to now. With regards to the selection criteria,
superior birds (450 hens and 50 cocks) were selected from
the base populations; 50 families were formed (9 hens
were artificially inseminated with the semen from 1 male).
Eqggs were obtained from these full-pedigree families and
they were incubated. Chicks were hatched and vaccinated
against diseases according to the institute vaccination
program. Chicks were reared until 16 weeks of age under
standard management conditions. When the pullets
reached to 16 weeks of age, they were randomly
distributed into individual cages with conventional cages.
All birds had ad libitum access to water and feed. During
rearing and growing periods, the birds were fed
commercial starter and grower diets for breeder flock.
Layers were fed according to the feeding strategy of the
Turkish selection and crossbreeding experiment (10, 18).
Pullets were kept under a constant artificial lighting for 18
h/day. Records of 1622 pedigreed Barred Rocks were
taken. The data were collected between 20 to 43 weeks of
age. Monthly egg records were generated by summing
each 4 continuous weekly eggs records from 20 to 24, 25
to 29, 30 to 34, and 35 to 39 weeks of age. The mean
sexual maturity age was measured as the number of days
until the first egg was laid. The hen was weighed on the
day it laid its first egg and this weight was recorded as
sexual maturity weight. Average egg weight of each hen's
eggs was recorded by weighing three sequential eggs at

every 4 weeks starting from the 24™ week to end of the
experiment. Egg shape and L*, a* and b* values of egg
shell were determined at the same time. In this study, L*,
a* and b* values were measured (19) with Minolta
Chroma Meter CR 400 (Minolta Co., Osaka, Japan).

Statistical analyses: The descriptive statistics,
normality (Kolmogorov-Smirnov) and homogeneity
(Levene) tests of the traits were performed by using
UNIVARIATE procedure of SAS 9.3 software (Statistical
Analysis Systems Institute Inc., Cary, NC). The non-
parametric rank transformation was applied in R package
for color parameters and shape index which parametric
Box-Cox transformation did not Gaussian distributed
traits (6, 19).

The restricted maximum likelihood (REML)
estimator was used to estimate the variance-covariance
components for following multi-trait model;

y=Xp+Zu+e

Where vy, vector of observations for the trait; B,
vector of fixed effects for the trait; u, vector of random
animal effects for the trait; e, vector of random residual
effects for the trait; and X and Z are incidence matrices
relating records of the trait to fixed and random animal
effects, respectively (20, 30). The sire, dam and residual
variance components and additive genetic and
environmental covariance matrices for multivariate
analysis were estimated from the mixed-model equations

by SAS PROC MIXED. Heritability (h?) and genetic
correlations (ry;)), were calculated from the variance
and covariance parameters as follows:

2
Oia Ciiia

h? = Fy(iir) =

2 2 2 2
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Where i and i’ represents the trait(s) of interest and
oz and o are the diagonal elements of G, and R,

ie
matrices, respectively. Also, o, stands for the additive
genetic covariance between the traits | andi’. The
estimations of genetic correlation and heritability and their

standard errors for subjected traits were obtained by SAS
interactive matrix language (IML) procedure.

Results

The mean values of the age and body weight at
sexual maturity, egg weight, egg shape index, and L*, a*,
b* values of eggshell are shown in Table 1. The means of
age and body weight at sexual maturity, egg weight, shape
index, L*, a* and b* values of eggshell, monthly egg yield
from 20 to 24, 25 to 29, 30 to 34, and 35 to 39 weeks of
age and total egg yield from 20 to 43 weeks of age were
found as 136.14, 1538.87, 51.31, 76.44, 63.58, 7.95,
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20.51, 14.25, 26.88, 28.22, 28.39 and 143.93, respectively.
The heritability estimations of age and body weight at
sexual maturity, egg weight, L*, a* and b* values of
eggshell, egg shape index and total egg yield from 20 to
43 weeks of age were determined as 0.41, 0.20, 0.48, 0.20,

Table 1. The descriptive statistics of some performance traits
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0.21, 0.22, 0.33 and 0.23, respectively (Table 2). The
heritability estimations of monthly records from 20 to 24,
2510 29, 30 to 34, and 35 to 39 weeks of age, and the total
egg Yyield were found as 0.33, 0.24, 0.04, 0.01 and 0.23,
respectively (Table 3).

Variable N Mean Min. Max. Ccv SD SEM
ASM 1176 136.14 119 164 3.97 5.4 0.16
BWSM 1176 1538.87 960 2080 8.41 129.44 3.77
EW 1176 51.31 42 63 5.33 2.73 0.08
L* 1078 63.58 51.1 76.7 9.22 5.86 0.18
a* 1078 7.95 1.2 17.8 74.97 5.96 0.18
b* 1078 20.51 4.0 45.1 14.67 3.01 0.09
Sl 1077 76.44 71.93 80.39 2.65 2.02 0.06
EP1 1176 14.25 0 31 35.88 511 0.15
EP2 1176 26.88 0 32 18.36 4.94 0.14
EPs 1176 28.22 10 32 8.57 242 0.07
EP4 1176 28.39 2.0 32 9.58 2.72 0.08
EPT 1176 143.93 61 173 8.66 12.46 0.36

ASM: age at sexual maturity, BWSM: body weight at sexual maturity, EW: egg weight, L*: lightness, a*:redness, b*:yellowness, SI:
egg shape index, EP1: 20 to 24 weeks of age, EP2: 25 to 29 weeks of age, EP3:30 to 34 weeks of age, EP4: 35 to 39 weeks of age, EP:

from 20 to 43 weeks of age.

Table 2. The estimates of heritability (on diagonal) and genetic correlation (below diagonal) for some performance traits and
phenotypic correlations (above diagonal) between traits

ASM BWSM EW L* a* b* sl EPt

ASM 0.41 0.00 0.05 -0.07 0.13 0.04 0.07 -0.44
(0.01) (0.04) (0.03) (0.02) (0.02) (0.02) (0.02) (0.02)

BWSM 0.04 0.20 0.51 -0.01 0.01 0.04 -0.01 0.06
(0.04) (0.02) (0.02) (0.02) (0.02) (0.02) (0.02) (0.02)

Ew 0.23 0.58 0.48 -0.10 0.12 0.10 -0.04 -0.51
(0.03) (0.02) (0.02) (0.02) (0.02) (0.02) (0.02) (0.02)

L -0.50 -0.02 -0.14 0.20 -0.68 -0.30 0.04 0.00
(0.01) (0.04) (0.04) (0.03) (0.02) (0.02) (0.02) (0.02)

" 0.82 -0.14 0.62 -0.33 0.21 0.43 -0.09 -0.07
(0.01) (0.04) (0.01) (0.02) (0.02) (0.02) (0.02) (0.02)

- -0.19 -0.01 0.27 -0.68 0.44 0.22 -0.10 0.06
(0.04) (0.05) (0.02) (0.01) (0.01) (0.02) (0.02) (0.02)

S| 0.63 -0.79 0.16 -0.23 -0.02 -0.13 0.33 -0.09
(0.01) (0.01) (0.03) (0.03) (0.04) (0.02) (0.01) (0.02)

Ep -0.82 0.03 -0.68 -0.16 -0.21 0.06 -0.66 0.23
T (0.01) (0.05) (0.01) (0.03) (0.04) (0.05) (0.01) (0.01)

ASM: age at sexual maturity, BWSM: body weight at sexual maturity, EW: egg weight, L*: lightness, a*:redness, b*:yellowness, Sl:
egg shape index, EPT: from 20 to 43 weeks of age.
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Table 3. The estimates of heritability (on diagonal) and genetic correlation (below diagonal) for some egg yield traits and phenotypic

correlations (above diagonal) between traits

EP: EP> EP4 EPT

Ep 0.33 0.27 0.03 0.66
! (0.02) (0.02) (0.02) (0.02) (0.02)

Ep 0.81 0.24 0.15 0.75
2 (0.01) (0.02) (0.02) (0.02) (0.02)

Ep 0.40 0.84 0.27 0.53
s (0.02) (0.02) (0.03) (0.02) (0.02)

Ep 0.52 0.73 0.01 0.47
4 (0.01) (0.01) (0.01) (0.03) (0.02)

Ep 0.79 0.87 0.63 0.23
T (0.01) (0.02) (0.02) (0.01) (0.02)

EP1: 20 to 24 weeks of age, EP2: 25 to 29 weeks of age, EP3:30 to 34 weeks of age, EP4: 35 to 39 weeks of age, EPt: from 20 to 43

weeks of age.

Discussion and Conclusion

The principal traits in layer stocks are weight and age
at sexual maturity of hen, egg weight and egg yield. In
order to achieve early maturity and egg yield, it is crucial
to have correct body weight and uniformity in growing
period. The mean of sexual maturity age in this study was
found as 136.14 days. This value was lower than those
reported by Kumar et al. (14) and Sing et al. (31). The
earlier sexual maturity in the current study was the results
of selections for sexual maturity and egg yield. The
average sexual maturity age of the flock was 162.31 days
in 1996 (18) and it has reached 136.14 days at the present.
A 3.97% coefficient of variation for sexual maturity age
shows a close uniformity within flock. Selection studies
from 1996 to 2019, the sexual maturity weight was
reduced from 1996 g to 1538 g. However, this weight was
higher than that of commercial market counterparts, which
were 1350-1400 g (4). Sexual maturity weight is a very
important parameter associated with egg weight. The
average egg weight in this study was 51.31 g, which was
lower than the reported values 55.46 to 62.74 g in
Lohmann and Hyline commercial breeders, respectively
(3, 5). And also this values was found lower than results
of Peebles et al. (23) and Rayan et al. (26). The heavier
eggs in laying hens not only decreases the total egg yield
but also causes excessive feed consumption. So, the
present mean egg weight would not be an obstacle for
either higher egg yield or feed efficiency.

Production of uniform dark-brown colored egg shells
through laying period is the goal of brown layer breeders
(28). In this study, the mean values of L*, a* and b* were
found as 63.58, 7.95, 20.51, respectively. It is an important
component for measuring shell color (27). The eggshell
color of a commercial flock is influenced by many genetic
factors, where it is important to ensure uniformity. The

coefficients of variation of L*, a* and b* traits were quite
high as 9.22%, 74.97% and 14.67%, respectively. Eggs
can be classified with respect to shape index, namely as
the sharp egg (<72), the standard egg (72—76) or the round
egg (>76) (31). The shape index value was found in this
study in the upper limit of standard type. The average egg
yield from 20 to 24, 25 to 29, 30 to 34, and 35 to 39 weeks
of age and total egg yield from 20 to 43 weeks of age were
found as 14.25, 26.88, 28.22, 28.39 and 143.93,
respectively. These findings are similar with reported by
other researchers (36, 38, 37).

It is known that age at sexual maturity was a
moderately heritable trait, and there were various
heritability estimations between 0.28 to 0.36 in the
literature (1, 21, 35). High heritability estimation (0.41) of
the age at sexual maturity in this study was in agreement
with that of Lillpers and Wilhelmson (16). The heritability
estimation (0.20) for body weight at sexual maturity was
lower than those reported in the previous studies (1, 21,
22, 35). The low heritability value for body weight at
sexual maturity might be indicated that there was little
scope for improving this trait through selection. Although
the main effort in layer breeding strategy is focused on egg
yield, egg weight is, also, a factor in selection schemes.
The objective of commercial layer breeding strategies is
to obtain lines characterized by moderate egg weight (34).
Franches et al. (9) reported that the heritability values for
egg weight ranged between 0.20 and 0.33 in different
breeds. However, Zhang et al. (39) reported a high
heritability value of 0.63 for egg weight. In the current
study, the heritability estimation of egg weight trait is
similar with those found in the literature (7, 13, 17).

Estimated heritability (0.20 to 0.22) for eggshell
color traits in the current study were lower than those (0.27
to 0.53) reported by Franches et al. (9) and Zhang et al.
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(39) in the different breeds. Johansson et al. (12) and
Besbes and Gibson (8) estimated heritability as moderate
to high values (0.23 to 0.41) for egg shape index. A
moderate heritability estimation (0.33) for shape index
was consistent with the estimates reported by Johansson et
al. (12) and Besbes and Gibson (8).

The heritability estimates of egg yield in the first,
second, third, and fourth months of laying hens were
determined as 0.65, 0.36, 0.36, and 0.38, respectively. A
high heritability (0.43) was estimated for total egg yield.
In the literature, the heritability for egg yield in layer
breeder were estimated moderate to high (0.21 to 0.48) in
previous studies (2, 7, 24, 29). Present findings support
these estimations.

There was a quite high genetic correlation (0.58)
between body weight at sexual maturity and egg weight
(Table 2). Egg weight is strongly correlated with layer age
and, consequently, with body weight. Similarly, genetic
correlations between age at sexual maturity with
brightness and yellowness egg shell were calculated as -
0.50 and 0.82, respectively. In spite of different
estimations of genetic correlations between egg yield and
other performance traits in the literature, it is well known
that egg yield is, negatively, correlated with body weight.
The negative relation between sexual maturity age with
egg yield implies that the improvement in egg yield will
be maintained by earlier sexual maturity. In the present
study, the monthly egg yields had a positive correlation
among them, indicating that short term of egg production
can be used selection studies. Genetic correlations among
all traits were fairly high, ranging from 0.40 (between first
and third month) to 0.86 (between third and fourth month).
Kumari et al. (15) estimated similar genetic correlations
for cumulative egg yield up to 12, 16, and 20 weeks of age
in two quail lines. In the present study, the genetic
correlation between second month and total egg yield was
fairly high (0.87), in particular when compared to
correlation coefficient (0.79) between both first month and
total egg yield, third month and total egg yield.

In conclusion, it was seen a low level of genetic
correlation between the traits in this study. The
heritabilities of sexual maturity age and egg weight were
high, which indicates that it is possible to improve Barred
Rock pure line rapidly with respect to egg yield and egg
weight. There was a wide variation in the Barred Rock line
in terms of egg shape index. In the study, the estimated
heritability for shape index showed that the uniform line
can be obtained by selection of this trait.
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