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Extended Abstract

Background: A high genetic improvement in the growth rate and feed efficiency of broilers has
been recorded in the last five decades due to genetic selection. However, the increase in global
human population, increasing demand for affordable animal protein, increasing feed costs, and
continuing global environmental issues continue to push the broiler industry to produce broiler
chickens that grow quickly and efficiently. To further improve the growth rate and feed efficiency
of broiler chickens, it is necessary to understand the genetic background of growth rate (body
weight) and feed efficiency in broiler chickens. Therefore, this study was conducted with the
objectives of simultaneously estimating genetic parameters of body weight (BW), feed intake
(FI), and body weight gain (Gain) in broiler chickens, as well as calculating residual feed (RFI)
and estimating its genetic parameters.

Methods: The data of 45 generations for growth rate in commercial broilers from the Arta Sablan
Poultry Company of Ardabil Province were used for analysis to estimate genetic parameters for
body weight (BW) in males and females at three different ages. Body weight data were measured
at three different ages (day t, day t-4, and day t-7) of both sexes. The first BW was recorded on
day t for 25 generations; however, as the selection continued, the birds began to grow faster and
reach the desired BW earlier. Therefore, the age of weighing changed, and BW was recorded at
t-4 and t-7. BW in males and females, and BW at two ages was considered separate traits in each
of the three traits. This led to the creation of a 12-trait model for BW, Fl, and Gain in two sexes
and the three age groups. The phenotypic RFI trait (RFIP) was estimated from the conditional
distribution of FI given BW and Gain using partial phenotypic regression coefficients. Similarly,
genetic RFI (RFIG) was estimated from the conditional distribution of FI given BW and Gain
using partial genetic regression coefficients. Genetic parameters of BW and feed efficiency were
estimated using multi-trait REML analysis; hence, gender by genotype interaction and age by
genotype interaction were examined for all traits: BW, FI, Gain, and RFI. Correlations between
production traits and feed yield traits were also estimated here.

Results: In males, the estimated heritability values of BW were 0.38, 0.34, and 0.29 on days t-7,
t-4, and t of age, respectively. In females, however, the estimated heritability values of BW on
days t-7, t-4, and t were 0.41, 0.38, and 0.38, respectively. The genetic correlations of BW
between males and females on days t-7, t-4, and t were 0.95, 0.89, and 0.89, respectively, and the
genetic correlation of BW was significantly different between ages. The average heritability of FI
and Gain was moderate, and the estimates were significantly different in males and females at the
same age for all traits. In addition, the genetic correlation between males and females at the same
age was significantly different, indicating a genotype-by-sex interaction for BW and FI traits. The
mean heritability estimates of RFIP were significantly higher than RFIG in both sexes and three
different age groups. In addition, the genetic correlation between RFIP and RFIG was
significantly different at the age of t days, but no significant difference was observed at the age
of t-7 days. Estimates of the heritability of production traits and feed efficiency were obtained at
an average level, and, therefore, they can be modified by genetic selection.
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Conclusion: The results of multivariate REML analysis in this study show that the genetic
evaluation for production traits BW and Gain, and feed efficiency traits: FI, RFIP, and RFIG
should consider gender and age differences to improve selection accuracy and genetic gain.
Genetic correlations between phenotypic and genetic RFI were close at younger ages and
significantly different at older ages, indicating that selection using either at that particular younger
age would lead to the same genetic response. These results are important for the continuous
development of strategies to improve feed efficiency in broiler breeding and production. In
general, statistical models and methods used and the results reported in this study can be
generalized to other poultry species with slight changes because the chicken is the main model
for all bird species.
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Table 1. Descriptive statistics of the body weight data, feed intake, and body weight gain

Trait N Mean (g) SD

BWnm() 16524 2654.4 228.6
BWr 17458 2247.6 224.7
BWm(t.7) 11213 2281.4 211.7
BWr(-7) 9803 1789.1 189.5
Flme 5148 2958.5 2135
Fliw 11589 22454 179.9
Flmg-7) 3209 2211.8 173.4
Fli7) 6891 1854.3 152.8
Gainmg 5048 789.2 147.2
Gaingg 11297 572.3 112.2
Gaifm(. 2347 6915 118.4
Gainfe7 4433 563.9 100.6
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Table 2. Genetic parameters of body weight in males and females at the three different ages
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(%ays) Genetic Residual Permanent Phenotypic Correlation (SE)
Environment
, Male © 0%)38 0.013 0.022 0.006 0.036 0.95 (0.01)*
N .
Female 0.41
) 0.008 0.014 0.001 0.021
) Male 0o 0.015 0.027 0.001 0.043 0.89 (0.01)**
N .
Female 0.38
005 0.009 0.014 0.001 0.023
Male (o o%zg 0.014 0.033 0.002 0.054 0.89 (0.01)***
T .
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000 0.011 0.018 0.001 0.029
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Table 3. Genetic correlations of body weight with standard errors within males (upper diagonal) and within females

(lower diagonal) at different ages

A(;e))( 5;;) 7 t-4 T
t7 0.98 (0.01) 0.85 (0.05)
t4 0.96 (0.02) 0.91 (0.01)
T 0.82 (0.04) 0.88 (0.02)
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Table 4. Variance components and heritability of body weight gain (Gain) and two RFI definitions (RFIP and RFIG)

with their standard deviations

Trait h? (PSD) 02(PSD) 02(PSD) 72,(PSD)
Flmg 0.31(0.03) 8115.3(873.3) 17614.4(578.2) 987.6(254.2)
Fliw 0.25(0.03) 5276.2(671.1) 14572.1(471.3) 681.8(182.2)
Flme) 0.38(0.04) 6817.6(1178.4) 11354.3(801.2) 967.4(315.7)
Flien) 0.34(0.03) 4545.7(671.7) 8434.9(530.6) 435.5(125.1)
Gainm 0.24(0.03) 4152.8(489.3) 13571.1(472.1) 563.8(159.5)
Gainrg 0.18(0.02) 1546.5(225.5) 6782.4(151.2) 256.8(82.5)
Gainm(-7) 0.34(0.04) 4372.1(751.4) 7568.5(511.6) 614.6(201.2)
Gainge7) 0.28(0.05) 2119.4(327.4) 5147.2(178.3) 242.9(82.2)
RFIPmg 0.18(0.03) 1432.2(257.8) 6258.5(185.2) 297.6(92.5)
RFIPy 0.15(0.02) 960.8(142.2) 4879.5(112.4) 258.4(51.5)

RFIPm¢-7) 0.27(0.03) 1453.3(296.9) 3357.6(189.5) 284.4(87.4)
RFIPr.7) 0.23(0.04) 752.3(125.2) 2147.3(78.5) 115.7(42.3)
RFIGm( 0.14(0.05) 1258.1(245.9) 7149.6(542.1) 293.6(89.2)
RFIGr 0.14(0.04) 889.8(148.3) 5183.5(532.3) 253.4(61.2)
RFIGm-7) 0.26(0.05) 1394.1(267.9) 3579.4(214.1) 294.6(96.5)
RFIG(7) 0.21(0.03) 762.5(132.9) 2246.7(341.1) 139.3(39.5)
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Table 5. Genetic correlations between body weight (BW), feed intake (FI), and body weight gain (Gain)
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+7)
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Flny 0.49 0.42 043 038
Fli 052 0.60 052 058 0.82
) Flng 051 0.45 051 047 0.75 0.74
Flien) 0.60 057 054 0.60 0.77 0.88 0.85
o Galinn 0.26 0.22 0.26 0.8 0.86 0.63 0.58 0.56
N Galin 0.21 0.32 0.25 0.28 0.69 0.82 0.60 0.67 0.74
@ Gainn 047 0.44 0.46 0.43 0.66 0.69 0.88 0.74 0.65 0.69
Gaing 0.50 0.47 0.47 0.49 0.71 0.77 0.81 0.88 0.66 0.77 0.80
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Table 6. Genetic and phenotypic correlations between production traits (BW and Gain) and two RFI definitions (RFIP

and RFIG).
Genetic ] Phenotypic
Production traits Two RFI correlation Production deﬁ-[]w%ri':l correlation
e ol definitions c. traits . <.
Sy © G5 93RF SN My Slio R ala e
S5 RF| s
BWnm( RFIPm@) 0.08(0.05) BWnm( RFIPm() -0.05(0.03)
BWrx) RFIPs) 0.25(0.08) BWi( RFIPt -0.14(0.05)
BWnm(7) RFIPm-7) 0.04(0.01) BWm (7 RFIPm-7) -0.003(0.01)
BWrs(7) RFIP#¢7) 0.11(0.03) BWrit.7) RFIPs(-7) -0.05(0.08)
Gainme RFIGm( 0.33(0.08) Gainme RFI1Gm) -0.27(0.08)
Gaingg RFIGty 0.21(0.05) Gaing RFI1Grq -0.15(0.08)
Gainm-7) RFIGm@-7) 0.11(0.04) Gainm-7) RFIGmt-7) -0.11(0.07)
Gainge-7) RFIGt¢-7) 0.12(0.03) Gainge-7) RFIG#t-7) -0.08(0.002)
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Table 7. Genetic and phenotypic correlations between feed intake and two RFI definitions (RFIP and RFIG).

Feed intake i . Two RFI .
Gyan defi-rr1\i1¥i%r|\qs':I corrgg{}gtr:c Ef]e‘? |n§ake defln!tlops corprg?;t?g]plc
Sy iz 33 RFI S (Sharad 95 Spae el e
Flm( RFIPm(y) 0.68(0.02) Flm(y RFIPm() 0.56(0.01)
Fli RF 1Pty 0.65(0.04) Fli RF 1Pt 0.58(0.04)
Flme-7) RFIPm-7) 0.55(0.01) Flme7) RFIPmt-7) 0.54(0.02)
Flie-7) RFIPs¢-7) 0.52(0.03) Fli-7) RFIPs¢-7) 0.49(0.07)
Flmg RFIGm(y 0.41(0.03) Flmg RFIGm(y 0.32(0.05)
Flie RFIG+ 0.43(0.02) Fli RFIGt 0.42(0.03)
Flmg-7) RFIGm(-7) 0.46(0.01) Flmg-7) RFIGm(-7) 0.44(0.02)
Fle7) RFIG(7) 0.40(0.03) Fle7) RFIGy¢-7) 0.40(0.02)
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