
Assessment the effect of genomic selection and detection of selective signature
in broilers
Xiaodong Tan,*,1 Ranran Liu,*,1 Wei Li ,* Maiqing Zheng,* Dan Zhu,y Dawei Liu,y Furong Feng,y

Qinghe Li,* Li Liu,* Jie Wen,*,1 and Guiping Zhao*,2

*State Key Laboratory of Animal Nutrition, Institute of Animal Sciences, Chinese Academy of Agricultural Sciences,
Beijing 100193, China; and yFoshan Gaoming Xinguang Agricultural and Animal Industrials Corporation, Foshan

528515, China
ABSTRACT Due to high selection advances and
shortened generation interval, genomic selection (GS) is
now an effective animal breeding scheme. In broilers,
many studies have compared the accuracy of different
GS prediction methods, but few reports have demon-
strated phenotypic or genetic changes using GS. In this
study, the paternal chicken line B underwent continuous
selection for 3 generations. The chicken 55 k SNP chip
was used to estimate the genetic parameters and detect
genomic response regions by selective sweep analysis.
The heritability for body weight (BW), meat produc-
tion, and abdominal fat traits were ranged from 0.12 to
0.38. A high genetic correlation was found between BW
and meat production traits, while a low genetic correla-
tion (<0.1) was found between meat production and
abdominal fat traits. Selection resulted in an increase of
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about 516 g in BW and 140 g in breast muscle weight.
Percentage of breast muscle and whole thigh were
increased 0.8 to 1.5%. No change was observed in
abdominal fat percentage. The genomic estimated
breeding value advances was positive for BW and meat
production (except whole thigh percentage), while nega-
tive for abdominal fat percentage. By selective sweep
analysis, 39 common chromosomal regions and 102 pro-
tein coding genes were found to be influenced, including
MYH1A, MYH1B, and MYH1D of the MYH gene fam-
ily. Tight junction pathway as well as myosin complex
related terms were enriched. This study demonstrates
the effective use of GS for improvements in BW and
meat production in chicken line B. Further, genomic
regions, responsive to intensive genetic selection, were
identified to contain genes of the MYH family.
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INTRODUCTION

Within the past few decades, intensive genetic selec-
tion has been applied to broilers, which has emphasized
enhanced body weight (BW) and meat production
(Morris and Pollott, 1997). Each is a direct determinant
of economic benefit. In 2005, BW at 28 and 42 d of age
was increased threefold (28 d: 1,396 g, 42 d: 4,202 g)
compared to that (28 d: 316 g, 42 d: 905 g) in 1957 for
the Ross broiler (Barbut, 2019). The conventional best
linear unbiased prediction (BLUP) method is a widely
applied breeding approach to complex traits, such as
shank length, egg production, and disease resistance.
With the use of high-throughput SNP detection
techniques, and the advantages for shorten breeding
rotation and improved prediction accuracy, genomic
estimated breeding value (GEBV) is preferred and is
proved to be more effective in modern farm animal
breeding system.
Genomic selection (GS) was first used to estimate

GEBV by evaluating the cumulative effect of genome-
wide markers, with the assumption that at least one
marker would share the same linkage disequilibrium (LD)
with the major quantitative trait locus (QTL) of interest
(Meuwissen et al., 2001). This approach has been widely
used for farm animal breeding of beef cattle (Pollak et al.,
2012), dairy cow (Schaeffer, 2006), pig (Ib�a~nez-
Escriche et al., 2014), and chicken (Preisinger, 2012). For
chicken, estimates of prediction accuracy and genetic
parameters for different models (e.g., PBLUP, GBLUP,
and SSGBLUP) have been reported for BW, meat produc-
tion, and meat quality (Le Bihan-Duval et al., 2008;
Chen et al., 2011; R. Liu et al., 2019b; Abdollahi-
Arpanahi et al., 2015). However, few reports have evalu-
ated the multigenerational breeding process in chicken
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populations selected using the GS method. In this study,
GS was used to improve BW and meat production in
broiler line B for several generations. Phenotypic data
were collected from generation 4 (G4) to generation 7
(G7). In this manner, the real effect of GS on this broiler
line B was evaluated.

Long-term artificial selection or intensive genetic selec-
tion of farm animals results in a genomic signature that
influences the specific traits (Kristensen et al., 2015;
Berry, 2018). For example, the modern chicken (meat-
type and egg-type chicken), established during the domes-
tication and goal-directed breeding, likely has a detectable
signature in the genome (Rubin et al., 2010;
Ericsson et al., 2014; Qanbari et al., 2015; Gu et al., 2020).
By selective sweep analysis, candidate chicken genes have
been identified that are associated with pigmentation (e.
g., EDN3, RALY, and LGR4), muscularity (e.g., WWP1,
DLK1), and reproductive performance (e.g., TSHR)
(Ericsson et al., 2014; Qanbari et al., 2015; D. Li et al.,
2020a; X. Huang et al., 2020b). Therefore, it’s effective to
detect the human-driven selection signature in genome
using selective sweep method, and unveil the latent
genetic mechanism for economic traits Sheng et al. 2015.
and Zan et al. 2017 indicated that associated genomic
regions and SNPs were detected after divergent selection
for BW in chicken. A list of potential selection signatures
has been identified among nine distinct broiler breeding
lines aimed to various selection purpose (Stainton et al.,
2015). Among these, BW and meat production were
prominent traits in the breeding system of chicken. Hence,
it’s essential to explore the chromosomal regions associ-
ated with each trait as a consequence of genetic selection.

In current study, this broiler population (n = 4,201)
underwent GS program for three generations was used
to analyze the phenotypic process and genetic parame-
ter. And the 2 selective sweep methods were used to
uncover the latent genomic signature left by GS.
MATERIALS AND METHODS

Population and Breeding Scheme

All experimental protocols related to chickens were con-
ducted in accordance with guidelines established by the
Ministry of Science and Technology (Beijing, China). Eth-
ical approval was conferred by the Animal Welfare and
Ethics Committee of the Institute of Animal Sciences,
Chinese Academy of Agricultural Sciences (IAS-CAAS,
Beijing, China) with the reference number: IAS2019-44.

Chickens were fast-growing white-feathered pure line B
that had been selected for multiple generations based on
BW and meat production (Li et al., 2020b). This chicken
line was a synthetic strain generated by Foshan Gaoming
Xinguang Agriculture and Animal Husbandry Co., Ltd.
(Foshan, Guangdong, China). From G4 to G7, individu-
als with both genotype and phenotype records were used
as the training set. The test set comprised chickens with
genotype but not phenotype records. Sires with top
GEBV for BW, breast muscle weight and whole thigh
weight were selected. The detailed selection scheme is
shown in Figure S1. All chickens for each generation
were housed in individual cages, with recommended envi-
ronmental conditions and a corn-soybean meal diet
(Table S1). Feed and water were provided ad libitum. A
total of 4,399 chickens were included in the study.
Phenotypic Statistics

After a 12-h fasting, G4 to G7, chickens were slaugh-
tered at 42 d (Figure S1). Pectoral muscle and whole
thigh were stripped, and the abdominal fat was sepa-
rated completely. Next, BW, breast muscle weight
(BrW), whole thigh weight (ThW), and abdominal fat
weight (AbFW) were recorded. The relative weight of
BrW, ThW, and AFW was calculated as follows:

Breast muscle percentage (BrP) = BrW / BW £ 100%.

Whole thigh percentage (ThP) = ThW / BW £ 100%.

Abdominal fat percentage (AbFP) = AbFW / BW £
100%.

After statistical analysis of 7 traits, individuals were
eliminated from consideration if the phenotypic index
deviated more than 3 standard deviations from the aver-
age value. A total of 4,217 chicken were retained in the
final analysis.
Genotyping and Quality Control

Genomic DNA was obtained from vein blood by the
phenol-chloroform extraction, evaluated by quality con-
trol for integrality and concentration. Qualified DNA
was genotyped with an accustomed chicken SNP array,
which is designed based on the Gallus gallus 5.0 assem-
bly and includes 52,060 SNPs (Liu et al., 2019c). PLINK
software (v 1.9) was used for quality control of genotyp-
ing data (Purcell et al., 2007). Totally, 16 individuals
were eliminated due to a lower call rate (−mind 0.1),
and 7,327 SNPs were excluded due to a lower call rate
(<90%) or minor allele frequency (<5%), as well as the
SNPs located in W chromosome (only 5 SNPs). Then
44,733 SNPs were retained after quality control. Missing
alleles were imputed using Beagle 5.1 (Browning et al.,
2018). A total of 44,733 SNPs from 4,201 chickens
(male: 2,632, female: 1,569) were retained for subsequent
genetic parameter estimation.
Estimation of GEBV and Genetic Parameter

In this study, SNPs data was used to produce a geno-
mic relationship matrix (GRM) by the method of Van-
Raden (2008). GEBV and variance component
estimates for phenotype were calculated based on uni-
variate animal model constructed by ASReml v4.1
(Gilmour et al., 2015) in an R environment. The univari-
ate model was defined as follows:

y ¼ Xbþ Zaþ e;
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where y is the vector of phenotype, b is the vector of
fixed effects, including gender and generation effect, a is
the vector of random additive genetic effects, e is the
vector of random residual effect. X and Z are design
matrices relating observation to the corresponding fixed
and random effects, respectively. The variance-covari-
ance structure assumed for random effect was following:

var
a
e

� �
¼ Gs2

a 0
0 Is2

e

� �
;

where G is the GRM based on SNP data, I is the iden-
tity matrix, sa

2 is the additive genetic variance, se
2 is

the residual variance. The heritability of phenotypes
was calculated by: h2 = sa2/(sa2 + se2). A bivariate
animal model was used to evaluate the genetic correla-
tion (rg) and phenotypic correlation (rp) between any
two traits:

y1
y2

� �
¼ X1 0

0 X2

� �
b1
b2

� �
þ Z1 0

0 Z2

� �
a1
a2

� �
þ e1

e2

� �
;

where y, b, a, e, X, and Z were same as above equation.
Calculation of LD Decay

The LD decay extent defined by the pair-wise r2 esti-
mation across SNP distance was evaluated in each and all
generations using PopLDdecay program (Zhang et al.,
2019.). The r2 was defined as the following equation:

r2 ¼ f A1B1ð Þf A2B2ð Þ � f A1B2ð Þf A2B1ð Þ
� �2

f A1ð Þf A2ð Þf B1ð Þf B2ð Þ
;

where fðA1B1Þ was the frequency of the A1B1 haplotype,
and fðA2B2Þ, fðA1B2Þ, and fðA2B1Þ are the frequency of
A2B2, A1B2, and A2B1 haplotype, respectively. The
fðA1Þ, fðA2Þ, fðB1Þ, and fðB2Þ were the frequency of A1, A2,
B2, and B2 alleles, respectively. The distance from the
initial position (harboring top r2 value) to the end posi-
tion (r2 = 0.1) was considered as the LD decay distance.
The LD decay level was plotted with a window size of 1-
Mb in R environment.
Detection of Selective Sweeps

Based on the methods of population differentiation
and genomic site polymorphism, we explored the candi-
date divergent regions by scanning chromosomal regions
Table 1. Estimates of heritability, phenotypic correlation and genetic

BW BrW ThW

BW 0.17 § 0.03 0.79 § 0.01 0.74 § 0.01 0
BrW 0.60 § 0.06 0.24 § 0.03 0.53 § 0.01 0
ThW 0.76 § 0.05 0.18 § 0.11 0.14 § 0.02 0
AbFW 0.13 § 0.09 �0.06 § 0.09 �0.02 § 0.10 0.
BrP 0.07 § 0.09 0.74 § 0.03 �0.28 § 0.10 �0
ThP �0.11 § 0.13 -0.48 § 0.10 0.56 § 0.09 �0
AbFP �0.06 § 0.09 �0.17 § 0.08 �0.17 § 0.10 0

1Bold diagonal is heritability, upper diagonal is phenotypic correlation, and
Abbreviations: AbFP, abdominal fat percentage; AbFW, abdominal fat weigh
weight; ThW, whole thigh weight; ThP, whole thigh percentage.
for high fixation index (Fst) (Weir and Cocker-
ham, 1984) value and obvious distinction in genetic
diversity (p ratio in log2 scale). The G4 population was
regarded as the genomic original population, G5, G6,
and G7 were considered genomic evolutionary popula-
tions which were used for selective signature comparison
to the G4 population. Considering the LD decay extent,
the half of the window size when LD decays to 0.1
(around 150-kb) was set as an appropriate sliding win-
dow to detect selection signature (Table S2). Therefore,
the Fst and p value were calculated in a 150-kb sliding
window with 75-kb steps using VCFtools software
(Danecek et al., 2011). The top 5% of Fst (G5 v G4:
0.013; G6 v G4: 0.024; G7 v G4: 0.031) and log2(p ratio)
(G5 v G4: �0.18; G6 v G4: �0.24; G7 v G4: �0.27) was
defined as a significant threshold, and the regions meet-
ing the significant level of these 2 methods were regarded
as a candidate divergent region in each generation. The
common divergent regions in 3 generations (G5−G7)
were defined as divergent regions. Visualization of these
analyses was implemented by ggplot2 packages in R
(G�omez-Rubio, 2017).
Gene Annotation, Kyoto Encyclopedia of
Genes and Genomes, and Gene Ontology
Enrichment Analysis

The candidate selective regions were annotated using
biomaRt package in R (Durinck et al., 2009). Protein-
coding genes located within and overlapping with the
candidate regions were extracted to perform KEGG and
GO enrichment analysis with KOBAS 3.0 (Xie et al.,
2011). A P-value of 0.05 was regarded as a threshold for
significant enrichment.
RESULTS

Estimation of Genetic Parameter

The estimates of heritability, as well as genetic and
phenotypic correlations for production performance are
shown in Table 1. Heritability for ThP, ThW, and BW
had a low trend (0.12−0.17), with a moderate estimate
for BrW, BrP, AbFW, and AbFP (0.24−0.38). BrW
and ThW were highly correlated with BW (rg: 0.60
−0.76, rp: 0.74−0.79). There was a relatively high phe-
notypic correlation (rp = 0.53) between BrW and ThW,
correlation for the traits1.

AbFW BrP ThP AbFP

.36 § 0.02 0.26 § 0.02 0.01 § 0.02 0.10 § 0.02

.21 § 0.02 0.79 § 0.01 �0.07 § 0.02 �0.001 § 0.02

.26 § 0.02 0.11 § 0.02 0.67 § 0.01 0.07 § 0.02
34 § 0.03 �0.02 § 0.02 �0.01 § 0.02 0.95 § 0.002
.15 § 0.07 0.38 § 0.03 �0.12 § 0.02 �0.09 § 0.02
.23 § 0.11 �0.52 § 0.09 0.12 § 0.02 �0.01 § 0.02
.98 § 0.004 �0.16 § 0.07 �0.20 § 0.10 0.37 § 0.03

lower diagonal is genetic correlation.
t; BrP, breast muscle percentage; BW, body weight; BrW, breast muscle
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while the genetic correlation was relatively low between
them (rg = 0.18). There was a high negative correlation
(rg = �0.52) between BrP and ThP. For AbFW, genetic
correlation was low for BW, BrW, and ThW (rg: �0.02
to 0.13). As expected, weight and relative weight of
abdominal fat had extremely high levels of genetic and
phenotypic correlation (rg = 0.98, rp = 0.95). And a
same result was also observed for BrW and ThW (rg:
0.56−0.74; rp: 0.67−0.79). There was a low pairwise
genetic correlation between AbFW or AbFP and other
traits (BW, BrW, BrP, ThW, and ThP), which ranged
from �0.02 to �0.23.
Effect of Genomic Selection

The phenotypic and genetic trends for all traits are
presented in Table 2 and Figure 1, respectively. Com-
pared to G4, a fluctuating increment was observed for
BW, meat production, and yield. An average increment
of 516.2 g for BW was realized. The BW gain in male
chickens (573.4 g) was higher than that in female chick-
ens (484.7 g). A similar result was found for the meat
production trait, an average of 119.7 to 161.8 g of weight
gain was observed for BrW and ThW as well as a 0.5 to
1.8% increment for BrP and ThP. Even though AbFW
was elevated by 8.6 g, only 0.1% phenotypic change was
found for AbFP. Similar results were found by GEBV
estimation for all traits with the exception for ThP
(Table S3). Genomic selection for AbFW (from 0.12 to
�0.19) and AbFP (from 0.19 to �0.3) revealed a nega-
tive genetic process. The GEBV result was shown in
Figure 1.
LD Decay Analysis

The LD (r2) values for each generation using all SNP-
pairs were calculated and plotted along 1-Mb distances
(Figure 2). The r2 for overall generation was ranged
from 0.05 to 0.28 in genomic distance of 5 to 1,000-kb.
The distance of decay (from top to 0.1) was 295-kb in
line B, and an increasing trend with expectation was
observed at different generations (G4: 290-kb, G5: 330-
kb, G6: 335-kb, G7: 390-kb).
Genome-Wide Selective Sweep Analysis

GS was applied for 3 generations to line B in order to
improve BW and meat production traits. Theoretically,
candidate genomic region affecting BW and meat pro-
duction traits should be positively selected, retaining a
selection signature. We scanned the genome for regions
with high Fst values and high differences in genetic
diversity (p in log2 scale) in 150-kb sliding windows. A
total of 260 regions were detected by comparison of G5
and G4 (Fst > 0.013, log2p < �0.184) (Figure 3A,
Table S4), with 406 protein coding genes and 53 long
non-coding RNAs (lncRNAs) annotated within those
regions (Table S5). By comparison of G6 and G4, 189
candidate regions (Fst > 0.024, log2p < �0.236)



Figure 1. The genetic changes in different generations. (A−G) The genetic changes from G4 to G7 for BW, BrW, ThW, AbFW, BrP, ThP, and
AbFP, respectively. The vertical axis was shown as the ratio of mean GEBV to standard deviation.

Figure 2. Average LD decay with increased physical distance between paired SNPs in each generation. The different color indicated four gener-
ations and merged populations (G4567). The LD decay distance (reduced to 0.1) was gradually increased (G7 > G6 > G5 > G4).
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(Figure 3B, Table S4), with 290 protein coding genes as
well as 43 lncRNAs were found (Table S5). By compari-
son of G7 and G4, 137 candidate regions (Fst > 0.031,
log2p < �0.273) (Figure 3C, Table S4), with 284 protein
Figure 3. Selected regions in each generation compared to G4. (A−C) S
in log2 scale, and y-axis represented Fst index. The blue bars indicated the fr
quency of different Fst value. The red dots represented the regions under se
parisons, while the gray dots represented the unselected regions. The dotted
Some limitations on Fst value and p were shown in figures, the full results wa
coding genes as well as 29 lncRNAs were identified
(Table S5). These results demonstrated a decrease in the
number of divergent regions and an elevated trend of
genomic differentiation level in each selected generation.
elected regions in G5, G6, and G7, respectively. The x-axis represented p
equency of different p in log2 scale, and the orange bar indicated the fre-
lection, the blue dots represented the selected regions among three com-
line indicated the top 5% threshold of Fst index and genetic diversity.
s shown as Table S4.



Table 3. Enrichment analysis for common genes obtained by selective sweep analysis1.

Term Input Background P-value Corrected P-value 2 Genes

KEGG
pathway

Tight junction 7 139 9.73E-06 1.24E-04 MYH1A, MYH1B, MYH1D, etc.
Ether lipid metabolism 2 78 1.63E-02 2.26E-01 CHPT1, LPCAT2
Phosphonate and phosphinate metabolism 1 6 3.55E-02 2.26E-01 CHPT1

GO term Motor activity 5 29 7.78E-07 2.97E-04 MYH1A, MYH1B, MYH1D, etc.
Myosin complex 5 35 1.80E-06 3.43E-04 MYH1A, MYH1B, MYH1D, etc.
Actin filament binding 5 146 1.07E-03 1.03E-01 MYH1A, MYH1B, MYH1D, etc.
Regulation of MAPK cascade 2 14 3.00E-03 1.91E-01 MMP2, GRB2
Cellular response to ionizing radiation 2 14 3.00E-03 1.91E-01 LIG4, GRB2
Positive regulation of actin filament
polymerization

2 25 8.46E-03 2.26E-01 PFN1, GRB2

Spermatid development 2 32 1.32E-02 2.26E-01 HID1, ENSGALG00000012766
Transforming growth factor beta
receptor signaling pathway

2 46 2.54E-02 2.26E-01 APPL2, HPGD

Protein import into nucleus 2 48 2.74E-02 2.26E-01 NUP85, APPL2
Cellular protein metabolic process 1 5 3.05E-02 2.26E-01 GIGYF2

1The significant pathways and top 10 GO terms were enriched by the common genes located in the 39 differential regions in genome.
2The corrected P-value was calculated using B-H method.
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Among the 3 comparisons, 102 protein coding genes
and 8 lncRNAs located within 39 common regions were
detected, uncovering a latent core function for growth
and development with consistent breeding. And a list of
candidate SNPs within these regions were detected fre-
quency difference in different generations (Table S5). By
annotation and enrichment, genes related to muscle
development and movement (e.g., motor activity, myo-
sin complex, and actin filament binding) were identified,
including MYH1A, MYH1B, and MYH1D (Table 3 and
S6). Further, tight junction may be a latent regulation
core (Table 3 and S7).
DISCUSSION

Heritability and Correlation Among BW and
Meat Production Traits

In current study, estimated heritability based on SNP
data for BW and meat production traits was low to
medium (0.12−0.38). Although heritability estimates
for those traits were relatively low, results were within a
normal range previously reported for broilers
(Abdollahi�Arpanahi et al., 2015; Grupioni et al., 2015;
Teng et al., 2019). For quality chicken or crossbred pop-
ulations, a medium and high heritability estimate based
on the GBLUP method for BW (0.38), BrW (0.42), BrP
(0.34), thigh muscle yield (0.52), AbFW (0.52), and
AbFP (0.45) has been reported (Liu et al., 2017;
Zhang et al., 2017). Those values are larger than those
found for this population, which may be due to differen-
ces in genomic marker density and kinship
(Norman et al., 2018). Besides that, line B is a high
inbred population, which could result in a smaller esti-
mates of additive genetic variance and heritability
(Powell et al., 2010). In Abdollahi-Arpanahi et al report,
a lower heritability for BW (0.05−0.10) in fast-growing
broiler was estimated ( Abdollahi-Arpanahi et al.,
2016), which was lower than that in this study.

The estimate of genetic correlation between BW and
meat product traits (BrW, ThW) was strong (0.60
−0.76). Similarly, a high correlation (0.82−0.86) was
calculated using a pedigree-based matrix between BW
and muscle weight by Venturini et al. (2014). There was
low correlation between BW and BrP (0.07) as well as
ThP (�0.11). A medium genetic correlation (0.18)
between BrW and ThW was found, with a high negative
correlation (�0.52) between BrP and ThP. Similar
results were reported by Cruz et al., a high correlation
was found among BW, BrW, and ThW (Cruz et al.,
2020). Herein, we found AbFW to be genetically corre-
lated with BW (0.13), although the relationship was
close to zero between AbFP and BW (�0.06). These
results suggested selection for BW was accompanied by
an increase in abdominal fat (Li et al., 2021), even
though, no change was detected in AbFP. For modern
breeding programs, higher meat production and less
abdominal fat are preferred in fast-growing broilers. The
inclusion of AbFW with negative coefficient in the
breeding procedure is therefore reasonable and effective.
Effects of GS in Line B

Compared to traditional breeding schemes for farm
animals, GS is beneficial to shorten generation intervals
and enhance genetic gain of target traits based on SNP
information (Meuwissen et al., 2001). GS has been
applied to broiler (e.g., Aviagen, Cobb) selection and
breeding to improve growth and meat production
(Avenda~no et al., 2012; Hidalgo et al., 2021).
Tremendous improvements in BW, BrW, and ThW

were obtained after 3 generations using GS, although a
fluctuation was observed in G6 generation compared to
G5 generation. This phenotypic fluctuation is commonly
observed in animal breeding program. In
Ullengala et al. (2020) report, the BW and shank length
of a synthetic chicken line tend to increase after selection
of eight generations, but a negative changes was
observed in G6 and G7 compared to G5. Which may be
due to limited prediction accuracy and SNP density
(Norman et al., 2018) or the different environment con-
ditions. Ullengala et al. reported an average BW gain of
40 g in each generation was acquired after selection
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based on pedigree information (Ullengala et al., 2020).
In current study, an average BW gain of 172 g in each
generation was obtained based on the described GS
breeding scheme. Which indicated superior breeding
progress of GS program as expected (Lillehammer et al.,
2013). In accordance with the breeding goal, the breed-
ing scheme had a clear effect on meat production. BrW
and ThW were both increased by over 30% (approxi-
mately 140 g) after selection of 3 generations. Similar
trends were observed for BrP and ThP (0.8−1.5%).
AbFW was also increased in G7 compared to G4, but
almost no change was found for AbFP (<0.05%).

Similar but smaller increments were found by GEBV
estimation for BW and meat production traits, indicat-
ing a stably enhanced production performance. This
result is consistent with a trend between GEBV and
phenotype, also reported previously (Ullengala et al.,
2020). The GEBV of AbFW and AbFP exhibited a neg-
ative change after selection, indicating that the pheno-
typic increase of AbFW may be caused by the
enhancement for BW, considering genetical correlation
between AbFW and BW. Simultaneously, there was no
increase in AbFP as evidenced by synchronization
enhancement for fat deposition and BW during the
breeding process. Additionally, we found that genetic
gain of ThW was positively enhanced, while it’s
decreased for ThP, which may be caused by relatively
higher enhancement GEBV for BW than that for ThW.
In summary, more than 50% BW gain was due to
improved breast and thigh weight. These results demon-
strate the excellent breeding effect of this GS program.
LD Decay and Selective Signatures in
Genome After GS

For line B, BW and meat production were improved
significantly after only 3 generations using GS technol-
ogy. Likewise, the distance of LD decay was gradually
enhanced among different generations (G7 > G6 > G5 >
G4). In previous reports, LD extent was elevated with
the increase of generation for Baier yellow chicken and
Langshan chicken (Zhang et al., 2018.), which demon-
strated a result of positive selection of genomic sites. As
expected, the nucleotide diversity (p) was gradually
decreased from G4 to G7. Both results suggested the
increased LD decay distance and decreased nucleotide
diversity were caused by the intensive selection using
the GS program in multigenerations Wang et al. (2017).
have illustrated that the bottlenecking occurred in the
aviculture of Yuanbao chicken due to a weaker LD
decay and lower nucleotide diversity. Similar, we cannot
exclude the bottleneck effect in the GS program,
although only a small change was found in LD decay
and nucleotide diversity among 4 generations.

Based on selective sweep theory, the frequency of
favorable alleles and adjacent sites could be enhanced in
a short time under the positive selection, which could
result in decreased polymorphism within specific geno-
mic regions (Smith and Haigh, 1974). As Zhou et al. (
2018) reported, evidence of population differentiation
and selected regions can be explored by the combined
use of Fst and p. As such, genome-wide candidate
selected regions were identified by calculating Fst and p.
And only the regions significantly selected in 3 compari-
sons could be recognized as the selective signatures in
genome, which could avoid the extreme bias of allele fre-
quency in each generation. A total of thirty-nine 150-kb
regions were found to exhibit genomic differentiation
and selective signatures after continuous selection from
the starting generation, G4. Relatively small differences
in Fst were found, which may be due to the identical ori-
gin of the chickens and the restricted number of selection
generations. In a previous study, clear genetic diver-
gence was observed in both the selected line and in the
natural line during a long-term selection (more than
15 generations), even though each line originated from
the same quality chicken population (L. Liu et al.,
2019a). In addition, some regions had a relatively high
differentiation (Fst > 0.10) as judged by the 3compari-
sons, indicating a pivotal feature in those chromo-
somal regions (e.g., chr2: 30225001-30375000, chr4:
43950001-44100000, chr18: 450001-600000).
By gene annotation and enrichment, a list of 102 pro-

tein coding genes and 8 lncRNAs were identified within
candidate regions. Muscle-associated GO terms, including
motor activity, myosin complex, actin filament binding,
and myofibril, were most significantly enriched. This
result indicated that genes related to muscle development
and composition may be responsive to genetic selection (e.
g., MYH1A, MYH1B, and MYH1D). Myosin heavy chain
is an important components of myosin, and has consider-
able effect on muscle development (Chakkalakal et al.,
2012; Vikne et al., 2012). Liu et al. reported MYH1E and
MYH1A to be key target genes of functional lncRNAs,
identifying a regulation point for skeletal muscle develop-
ment in multiple embryonic periods for chicken
(Z. Liu et al., 2019d). MYH1B is a marker for fast-type
muscle fiber, and the stability of this gene have a regula-
tory effect on muscle fiber type switching in chicken
( Yu et al., 2021). And Zeng et al. have reported the
MYH1B has a crucial role in the development of thigh
muscle rather than pectoral muscle in the immunocastra-
tion chicken model ( Zeng et al., 2020). Likewise, the
MYH gene family has been shown to be similarly impor-
tant in deer (Jia et al., 2020), pig (Fazarinc et al., 2020),
and cattle (Picard and Gagaoua, 2020). Consistent with
previous studies, significantly enriched tight junction
pathway is crucial to growth rate and myoblast differenti-
ation in chickens (He et al., 2020; Huang et al., 2020a).
CONCLUSIONS

In conclusion, 3 generations of genomic selection in
the pure chicken line B resulted in significant phenotypic
increments in BW (over 20%) and meat production
(over 30%). With the aim of enhancing BW and meat
production, slight genomic differentiation was obtained.
Candidate genes responsive to selection (e.g., MYH1A,
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MYH1B, and MYH1D) within genomic differentiation
regions were annotated to muscle development and
movement. These genes are likely regulation targets
that facilitate growth and meat production using this
animal breeding system.
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