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Abstract
Background: The discovery of selection signatures has enabled the identi�cation of genomics regions
under selective pressure, enhancing knowledge of evolutionary genotype-phenotypes. Sex chromosomes
play an important role in species formation and evolution. Therefore, the exploration of selection signals
on sex chromosomes has important biological signi�cance.

Results: In this study, we used the Cross Population Extend Haplotype Homozygosity Test (XPEHH), F-
statistics (Fst) and EigenGWAS to assess selection footprints on the Z chromosome in 474 broiler
chickens via Illumina chicken 60K SNP chips. SNP genotype data were downloaded from publicly
available resources. We identi�ed 35 selection regions, amongst which 1, 9 and 27 were identi�ed by
XPEHH, Fst, and EigenGWAS, respectively. Each end of the Z chromosome appeared to undergo the
highest levels of selection pressure. A total of 219 candidate genes were located in 35 selection regions,
some of which mediated lipogenesis, fatty acid production, fat metabolism, and fat decomposition,
including FGF10, ELOVL7, and IL6ST. Using abdominal adipose tissue expression data of the chickens,
198 candidate genes were expressed with 11 differentially expressed genes (DEGs) in fat vs. lean lines
identi�ed. Amongst the DEGs, VCAN was related to fat metabolism. GO pathway enrichment analysis and
QTL annotations were performed to fully characterize the selection mechanism(s) of chicken abdominal
fat content.

Conclusions: We have found some selection regions and candidate genes involving in fat metabolism on
the Z chromosome. These �ndings enhance our understanding of sex chromosome selection signals.

Background
The domestication of chickens in Asia (Gallus gallus) occurred around 5,400 BC with Darwin suggesting
their evolution from red jungle fowl [1, 2]. Chickens hold value from an evolutionary perspective as they
provide information that bridges knowledge between mammals and other vertebrates [3]. Domestic
chickens have genetically adapted to unique habitats through strong genetic and phenotypic alterations.
To date, an array of specialized commercial populations and inbred chicken lines have subsequently
been developed.

Selection has many effects on the genome. Allele frequencies and polymorphism underlying selection are
expected to change. With the availability of high-quality draft sequences of the chicken genome, high-
density single nucleotide polymorphism (SNP) genotyping chips, and whole-genome re-sequencing
technologies, the detection of selection signatures on the chicken genome have been reported. Rubin et
al. identi�ed the TSHR gene (thyroid stimulating hormone receptor) as a prominent selection marker in all
domestic chickens [4]. Guo et al. identi�ed 413 candidate genes in Xishuangbanna �ghting chickens that
were related to aggressive behavior, including BDNF, NTS and GNAO1 [5]. Boschiero et al. revealed ≥ 300
regions of selection with many important genes, including AKAP6, IGFBP2 and IGF1R, associated with fat
deposition and muscle development [6].



Page 3/18

Sex chromosomes play an important role in species formation and evolution. Mcvicker et al. analyzed the
selective forces that shape hominid evolution and found that under natural selection, the selection
pressure of sex chromosomes (12% − 40%) exceeded those of the autosome (19% − 26%) [7]. The
selection pressure of autosomes and sex chromosomes is different, and when considering sex-speci�c
dosage compensation, genes on the sex chromosomes are more directly and e�ciently selected than
those on autosomes [8–10]. The size of the chicken Z chromosome is approximately 83 Mb, accounting
for 7.9% of the chicken genome. The Z chromosome contains 1,345 genes, and some genes, including
FGF10 (�broblast growth factor 10), ELOVL7 (ELOVL fatty acid elongase 7) and ACO1 (aconitase 1,
soluble), regulated fat deposition and development. Previous studies have focused on the selection
footprints of chicken autosomes, but the selection signals of the chicken Z chromosome less well
studied. It is therefore necessary to identify selection sweeps on the Z chromosome in chickens.

In this study, we used the XPEHH, Fst and EigenGWAS methods to identify the selection signatures
associated with abdominal fat in the Z chromosomes of broilers with divergent fat content from
Northeast Agricultural University broiler lines divergently selected for abdominal fat content (NEAUHLF).
Through the integration of gene microarrays in the adipose tissue of NEAUHLF populations, we
investigated the expression pro�les of the candidate genes on selection regions at 7 weeks of age. Gene
annotations and functional enrichment were implemented to elucidate the signi�cance of the identi�ed
selection footprints to fat containing traits.

Results

Population structure
We performed principal component analysis (PCA) on 1937 SNPs on the Z chromosome to identify
individual patterns. The �rst principal component (21.5% of the total variance) could separate the two
lines (Fig. 1A). The second principal component (6.1% of the total variance) revealed genetic differences
in the fat lines, whilst the third principal component (5.3% of the total variance) revealed differences in
the lean lines (Fig. 1B). 

Selection signatures on the Z chromosome
Chicken Z chromosome selection signatures were identi�ed between fat and lean line populations.
Table 1 summarizes the selection signals obtained using XPEHH, Fst and EigenGWAS. For the fat-lean
line pair, 1, 9 and 27 selection regions were identi�ed using XPEHH, Fst and EigenGWAS methods,
respectively (Table 2 and Fig. 2). A total of 35 candidate regions were identi�ed. The majority of the
identi�ed selection markers were present on both ends of the Z chromosome. Amongst them, XPEHH and
EigenGWAS were identi�ed with four overlapping and near candidate regions, whilst Fst and EigenGWAS
identi�ed �ve overlapping and near candidate regions. However and unexpectedly, those detected with
Fst showed minimal overlap with XPEHH.
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Table 1
Selection signals in the two chicken lines.

Items Fat - Lean

XPEHH Fst EigenGWAS

Number of signi�cant SNPs 50 45 83

Number of regions 1 9 27

Average length (Mb) 2.24 0.70 0.76

Total length (Mb) 2.24 6.33 20.53
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Table 2

Selection regions on the Z chromosome and candidate genes detected in the regions.
Method Region

(Mb)
Top SNP Effect

value
Candidate Genes

XPEHH 65.73–
67.97

rs14776247 -2.7762 AKAP2, SLC46A2, SNX30, INIP, KIAA1958,
HSDL2, PTBP3, SUSD1, UGCG, C9orf84, GNG10,
DNAJC25, KIAA0368, SMC2, PTGR1, TXN,
SVEP1, MUSK, LPAR1, NPR1, MIR1452,
MIR1459

Fst 4.37–
4.77

rs314369012 0.7226 -

6.79–
7.19

rs14689482 0.6864 KIAA1328, TPGS2

19.79–
20.19

rs14753903 0.7915 HTR1A, RNF180, RGS7BP

20.01–
22.11

rs16101791 0.8044 MAST4, CD180, PIK3R1, SLC30A5, CENPH,
MRPS36, CDK7, THBS4, MTX3

36.11–
36.51

rs14694887 0.7650 -

37.18–
38.61

rs16111480 0.7721 PCSK5, GCNT1, PRUNE2, FOXB2, VPS13A,
GNAQ, CEP78, PSAT1, TLE4, TLE4Z1

51.05–
51.71

rs316461367 0.7340 CHD1Z, RGMB, RIOK2, LIX1, LNPEP

52.61–
53.02

rs14769085 0.7009 PCGF3, CHRNA7L, CHRNA8, TRABD2A

56.25–
57.68

rs14751538 0.7744 PHAX, LMNB1, MEGF10, PRRC1, CTXN3,
SLC12A2, FBN2, ERAP1, CAST, PCSK1, ELL2,
GLRX, RHOBTB3, RFESD, ARSK, TTC37,
FAM81B

EgienGWAS 1.91–
2.31

rs312273884 2.24E-
07

LOXHD1, RNF165, CZH18ORF25, HAUS1,
ATP5A1Z, PSTPIP2, SLC14A2

6.95–
7.35

rs14689552 2.40E-
05

KIAA1328, TPGS2, AQP3, NOL6, UBE2R2

9.25–
9.65

rs14784526 9.10E-
07

ARHGEF39, MRPL17, CCBE1, PDZD2, PMIP1

13.95–
14.35

rs16103326 7.97E-
06

FGF10, MRPS30

16.75–
17.42

rs16760225 7.23E-
06

PPAP2A, SLC38A9, DDX4, IL6ST, ANKRD55,
SKIV2L2, MAP3K1
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Method Region
(Mb)

Top SNP Effect
value

Candidate Genes

17.80–
18.20

rs16099146 1.05E-
06

PLK2, RAB3C

18.71–
19.11

rs736458094 1.18E-
05

DEPDC1B, ELOVL7, NDUFAF2, SMIM15,
MIR1584

22.90–
23.50

rs313728591 7.91E-
08

AP3B1, TBCA, OTP, WDR41, PDE8B, AGGF1,
IQGAP2, CRHBP, S100Z, F2RL1, F2R, F2RL2

32.13–
32.53

rs16108416 2.11E-
05

BNC2, MIR1779

33.03–
33.63

rs314666735 1.66E-
05

SH3GL2, ADAMTSL1, HAUS6, PLIN2

39.07–
39.87

rs16781643 3.03E-
06

TLE1, FRMD3

48.33–
51.04

rs314662658 6.33E-
06

ST8SIA4, FAM174A, EFNA5, MIR6651

52.48–
52.88

rs14768956 1.78E-
06

PCGF3, MFSD7, CHRNA8, CHRNA7L

53.37–
53.77

rs14769714 2.52E-
05

PIGG, TMEM175, ATP5ME, PDE6B, RBP4, IDUA,
SLC26A1, CHRNA6, CHRNB3, THAP1, RNF170,
ATP5I, RBP4B

61.68–
62.12

rs14774149 6.47E-
07

-

62.78–
63.58

rs14773275 3.68E-
07

TMEM167A, ATP6AP1L, RPS23, ATG10, VCAN

63.88–
64.28

rs16118182 2.81E-
08

CKMT2, DHFR

64.82–
66.08

rs14774834 1.72E-
07

GRIN3A, ALDOB, MRPL50, RLPPR1, AKAP2,
SLC46A2, SNX30, MIR7440, RNF20,

66.24–
66.67

rs13788226 2.66E-
07

HSDL2, PTBP3, SUSD1, UGCG, GNG10,
DNAJC25, KIAA0368, MIR1452, MIR1459, SMC2

66.84–
67.88

rs16775262 1.59E-
06

SVEP1, MUSK, LPAR1, NPR1, TOPORS, ELAVL2

68.59–
68.99

rs16776912 2.02E-
08

CAAP1, PLAA, IFT74, LRRC19, TEK, MOB3B,
C9orf72, MIR7437

69.41–
70.09

rs14780063 2.38E-
05

-

70.35–
71.36

rs16125209 2.28E-
06

CORO2A, TBC1D2, IKBKAP, APTX, DNAJA1,
SMU1, B4GALT1, SPINK4, HEMGN, XPA, NCBP1,
TSTD2, TMOD1, TDRD7, ACO1
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Method Region
(Mb)

Top SNP Effect
value

Candidate Genes

72.16–
73.63

rs14781762 7.41E-
09

SEMA6A, COMMD10, LVRN, AP3S1, ATG12,
CDO1, MARVELD2, GTF2H2, SMN, BDP1,
MCCC2, KCNN2, TMED7

78.84–
79.27

rs15992604 5.72E-
09

CDKN2A, CDKN2B, TRIM36, PGGT1B, CCDC112,
FEM1C, ALDH7A1, GRAMD3, MIR31, MTAP

79.67–
80.45

rs14685714 1.75E-
07

ZNF608

80.01–
82.42

rs16683478 9.91E-
09

SRFBP1, LOX, SNCAIP, SNX2, SNX24, PPIC,
PRDM6, CEP120, TRMT10B, DCAF10, POLR1E,
ZBTB5, GRHPR, PAX5, MELK, MIR7483, SNCAIP

 

Candidate gene annotations for functional analysis
According to the chicken gene annotation data (Gallus gallus 6.0) in the ENSEMBL database, we detected
219 candidate genes within 35 selection regions. Table 2 summarizes the genes in each selection region
on the Z chromosome. A number of genes were found to regulate lipogenesis, fatty acid production, fat
metabolism, or fat decomposition, including FGF10, ELOVL7 and IL6ST.

To reveal the biological functions of the genes within the identi�ed regions, gene Ontology (GO) pathway
enrichment analyses were performed using DAVID (v6.7) [11]. Signi�cant GO functional terms (P<0.05)
are listed in Table 3, but these terms were not signi�cant upon Benjamini correction.

Table 3
Functional enrichment analysis of the selected genes.

Category GO ID Term P
value

Biological
Progresses

GO:0043171 peptide catabolic process 0.0195

Cellular
Components

GO:0005892 acetylcholine-gated channel complex 0.0231

GO:0045211 postsynaptic membrane 0.0204

Molecular Function GO:0070006 Metalloaminopeptidase activity 0.0154

GO:0042166 acetylcholine binding 0.0230

GO:0004889 acetylcholine-activated cation-selective channel
activity

0.0230

Using the online quantitative trait loci (QTL) database of chickens, the selection signatures overlapped on
111 QTLs of health, physiology, exterior and production categories. Interestingly, 39 of the candidate
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genes that overlapped with the QTL region were related to abdominal fat weight, 22 were related to liver
weight, 7 were related to food intake, 11 to residual food intake, and 10 to food conversion ratios.

Expression pro�les of the candidate genes in the selection
regions
We extracted probe sets of the Gene Chip Chicken Genome Array to represent all candidate genes located
on the selection regions. A total of 414 probes representing 198 candidate genes were identi�ed. As
shown in Figs. 3, 5 and 11 genes (p < 0.05) were only absent in lean and fat chicken lines at 7 weeks,
respectively, whilst 11 DEGs (P < 0.05, fold change > 2) between fat and lean lines were identi�ed. A total
of 6 genes (ADAMTSL1, FRMD3, MOB3B, ARHGEF39, VCAN and MELK) were up-regulated and 5 (HAUS6,
MAST4, VPS13A, SPINK4 and EFNA5) were down-regulated in fat vs. lean lines. MAST4 and SPINK4
regulate serine metabolism; MAST4 encodes a microtubule-associated serine/threonine kinase; SPINK4 is
a serine peptidase inhibitor; and ARHGEF39 encodes a rho guanine nucleotide exchange factor key to
Rho mediated signal transduction.

 

Discussion
High-density SNPs chips permit the identi�cation of genome-wide selection signatures using site frequent
spectrums, population differentiation, and linkage disequilibrium, with known strengths and weaknesses.
In this study, we used three complementary statistical approaches (Fst, XPEHH, EigenGWAS) to explore
the selection footprints on the Z chromosome to minimize bias and false positives in the broiler chickens.
The Fst method is best suited for the detection of distant events [12]. The XPEHH test compares extended
haplotype homozygosity between populations to detect selection footprints, which are segregated in
populations and represent points of ongoing selection. XPEHH is therefore useful for the detection of
entirely or approximately �xed loci [13]. The EigenGWAS algorithm combines the statistical framework of
GWAS with eigenvector decomposition to identify selection footprints in the genomes of the underlying
population. The EigenGWAS method uses multi-point information to identify core SNPs and grid
windows, and can identify potential loci during selection, and a larger number of selection regions than
Fst and XPEHH [14]. Due to the similarities and differences principles between Fst, XPEHH and
EigenGWAS, there are differently selection regions can be obtained using the different statistical
approaches.

Selection footprints determined by multiple methods are deemed more credible [15–17]. Zhang et al. has
reported 55.43-56.16Mb regions of chromosome Z (including PC1/PCSK1, FBN2, ELL2 genes) was
identi�ed as selection signature related on abdominal fat weight and percentage based on long-range
heterozygosity changes or allele frequency differences methods using the same populations [18]. In this
study, we also detected this region using the Fst method based on population differentiation (lean vs fat
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lines). Furthermore, we identi�ed another nine selection regions using two simultaneous algorithms.
These novel selection regions will provide speci�c gene targets for the control of chicken fatness traits or
other traits signi�cantly genetics correlation with abdominal fat weight. For example, we identi�ed 65–68
Mb regions detected by XPEHH and EigenGWAS, and 24 genes that overlapped with the region, including
DNAJC25, GNG10 and AKAP2. Interestingly, DNAJC25 is a member of DNAJ gene family identi�ed by Liu
et al. as expressed in chicken liver tissue using transcriptome sequencing analysis [19]. The DNAJB6
gene, located on gga2, is a member of the DNAJ gene family and has a similar sequence to the DNAJC25
gene. Jin et al. identi�ed DNAJB6 expressed in the liver and adipose tissue of G14 NEAUHLF populations,
with differential expression patterns between lines that negatively correlate with both abdomen fat weight
and abdomen fat percentage [20].

To-date, majority of selection signatures or candidate genes has been identi�ed in chickens. In this study,
there are 219 candidate genes overlapped or near 35 selection regions on chromosome Z. Amongst the
candidate genes, IL6ST, ELOVL7, CKMT2 and FGF10 genes were also identi�ed by Gholami et al. in three
commercial layer breeds and 14 non-commercial breeds [21]. The VCAN, ST8SIA4, FBN2, ERAP1 and
CAST were also identi�ed by Fu et al., showing 10 regions of high con�dence for selection on the Z
chromosome, detected in male Cornish lines (a meat type breed), and female lines from White Rock (a
dual-purpose breed) [22]. We also found that the majority of candidate genes expressed in the adipose
tissue of G8 NEAUHLF fat and lean lines, and 11 genes (including VCAN, EFNA5, ARHGEF39, etc) in the
adipose tissue signi�cantly differed between fat vs. lean birds using microarray gene expression data.

According to known gene functions, some candidate genes were associated with the fat content of
chickens, such as the FGF10 gene. FGF10 is a mesenchymal factor affecting epithelial cells. Matsubara
et al. reported that FGF10 when secreted in chicken adipose tissue contributes to adipose genesis, and is
downregulated during the early stages of chicken adipocyte differentiation [23]. Konishi et al. showed
that FGF10 stimulates proliferation in the white adipose tissue of mice [24]. In addition, Yamasaki et al.
highlighted FGF10 as an important intercellular signaling molecule during lipogenesis that is abundantly
expressed in the adipose tissue of adult rats [25].

Due to high species conservation, the identi�ed genes related to human or mice obesity traits may hold
importance for adipose deposition in chickens, such as ELOVL7, IL6ST, IQGAP2, PAX5 and CKMT2
(Table 4). ELOVL7 shows altered a�nity for the elongation of precursor fatty acids and mediates the
extension of saturated fatty acids of up to 24 carbon atoms [26]. IL6ST is an IL-6 transducer and a potent
modulator of fat metabolism in humans, known to increase fat oxidation and fatty acid re-esteri�cation
[27]. IQGAP2 de�ciency in�uences hepatic free fatty acid uptake, fatty acid synthesis, and lipogenesis
suggesting its importance in obesity [28]. PAX5 is a paired box 5 gene for which Melka et al. performed
GWAS in adolescents from the French-Canadian founder population, revealing the association of its
locus with total fat mass (TFM) and body mass index (BMI) in 6.4% and 3.7% of TFM and BMI heritability
estimates, respectively [29]. These results imply that PAX5 plays a key role in obesity regulation. CKMT2
(creatine kinase, mitochondrial 2) is a creatine kinase isoenzyme. Müller et al. showed that CKMT2 is an
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effective modulator of ATP synthase coupled respiration and is exclusively expressed in human brown
adipose tissue [30]. CKMT2 also regulates energy metabolism.

Table 4
Candidate genes in the selection regions and their functions.

Gene
symbol

Location(Mb) Full name Function of association

FGF10 13.97–14.03 Fibroblast growth
factor 10

Promotes fat formation (Matsubara et al., 2013)

IL6ST 17.02–17.06 interleukin 6 signal
transducer

Increases fat oxidation and fatty acid re-
esteri�cation (Van et al., 2003).

ELOVL7 18.87–18.91 ELOVL fatty acid
elongase 7

Extension of saturated fatty acids (Guillou et al.,
2010)

IQGAP2 23.46–23.58 IQ motif containing
GTPase activating
protein 2

In�uences the liver uptake of free fatty acids,
fatty acid synthesis and adipogenesis (Chiariello
et al., 2012)

CKMT2 63.95–63.98 Creatine kinase,
mitochondrial 2

Regulation of energy metabolism, expression in
brown adipose tissue (Müller et al.,2016)

PAX5 82.01–82.12 paired box 5 Regulates obesity (Melka et al., 2012)

Conclusion
In this study, 35 selection regions were screened through the analysis of selection signals in the chicken Z
chromosome, including 219 candidate genes, some of which are involved in lipogenesis, fatty acid
production, fat metabolism and fat decomposition, such as FGF10, ELOVL7, IL6ST and so on. Moreover,
in the candidate region, using abdominal fat expression data from chickens, 198 candidate genes were
identi�ed as expressed in the fat and lean lines, with 11 genes identi�ed as differentially expressed. GO
pathways enrichment and QTL annotations provided additional information on the selection
mechanism(s) of chicken abdominal fat content. The culmination of these data enhances our
understanding of sex chromosome selection signals and their role in fat deposition in chickens.

Methods

Genotype data and population
SNP genotype data were downloaded from GEO Datasets on the NCBI website (GEO accession:
GSE58551) [31]. Based on Illumina chicken 60K SNP chips, 48,035 SNPs from 28 autosomes and Z
chromosomes in 475 male broilers of the 11th generation (G11) (203 lean lines and 272 fat lines) were
identi�ed from NEAUHLF [18]. We mapped the SNP loci on the Z chromosome of all birds to the chicken
reference genome (Gallus gallus 6.0), resulting in 1,973 SNP loci. We applied QC measurements on the
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SNP loci on the Z chromosome of all birds using PLINK (v1.90) software: (1) SNP loci call rates of 0.95;
(2) Sample call rates of 0.95; and (3) Minor allele frequencies (MAF) of 0.01 were discounted. In total,
1,937 SNPs and 474 birds were investigated to detect selective sweeps in the chicken sex chromosomes.
Speci�c details of broiler breeding strategy have been described by Zhang et al. [31].

Principal component analysis
We performed PCA to distinguish population structures using EigenGWAS software [14] based on 1,937
SNPs on the Z chromosome. The �rst ten eigenvalues and their corresponding eigenvectors were then
calculated.

Detection selection signatures
Extended haplotype homozygosity (EHH) scores measure the probability that two randomly selected
chromosomes carry a tested core haplotype that is homozygous at all SNPs [32]. XPEHH scores can
detect selective sweeps in which a selected allele has achieved �xation in one population but remains
polymorphic in another [16, 33]. Fst estimates heterozygosity between populations, detecting the degree
of segregation according to breeding objectives and evolutionary history. The EigenGWAS algorithm [14]
combines the statistical framework of genome-wide association studies with eigenvector decomposition
to identify selection footprints on the underlying genome. The eigenvector generated from genome-wide
SNPs acts as the phenotype, with the single-marker regression model implemented to detect signi�cant
signals de�ned as selection signatures. In this study, XPEHH, Fst, and EigenGWAS were used to detect
selective footprints on the chicken Z chromosome.

We used SHAPEIT (v2.12) software to generate haplotype data based on the SNPs data. We used the LD
package of R (v3.6.1) to compute the XPEHH values. The threshold of the XPEHH at a signi�cance level
of 0.05 was ± 2. Using VCFtools [34], unbiased Fst estimations were calculated as described by Weir et al.
[35]. Boxplots were constructed for the identi�cation of the upper to lower thresholds and Fst outliers in
the SNPs loci. For EigenGWAS, EMMAX software [36] was used for single-marker regression. Threshold P-
values of 0.05/1937=2.58×10-5 were used to con�rm statistically signi�cant differences.

To reveal the biological functions of the selection signals, additional analyses were performed. We
identi�ed candidate genes within the selection regions using chicken gene annotation data from the
Ensembl database. We then used the online software DAVID (v6.7) [11] to perform GO analysis based on
the candidate genes obtained. Thirdly, selection regions were mapped onto QTL obtained from the
chicken QTL database (https://www.animalgenome.org/cgi-bin/QTLdb/GG/index).

Gene expression pro�les
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Gene expressions in the abdominal adipose tissue of seven-week-old NEAUHLF broilers were evaluated in
chicken genome arrays. Raw data sets were normalized and downloaded from the GEO Datasets (GEO
accession: GSE8010) [37]. Ten birds were selected based on the percentage of abdominal fat at 7-weeks
for the 8th-generation of NEAUHLF broilers. Five birds from lean lines and others from fat lines were
obtained. A one-way ANOVA was used to statistically compare the DEGs between fat and lean line
chickens.

Abbreviations
XPEHH: Cross Population Extend Haplotype Homozygosity Test; Fst: F-statistics; DEG: differentially
expressed genes; SNP: single nucleotide polymorphism; NEAUHLF: Northeast Agricultural University
broiler lines divergently selected for abdominal fat content; PCA: principal component analysis; GO: gene
Ontology; QTL: quantitative trait loci; TFM: total fat mass; BMI: body mass index; MAF: minor allele
frequencies; EHH: extended haplotype homozygosity.
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Figures

Figure 1

Population structure based on Z chromosome SNPs using principal component analysis. The subgraph
(A) and (B) represent two-dimensional and three-dimensional PCA images.
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Figure 2

Selection signatures on the Z chromosome. The subgraphs (A), (B) and (C) are the selection signatures
detected between the populations using the XPEHH, Fst and eigenGWAS methods, respectively.
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Figure 3

Candidate gene expression pro�les in the adipose tissue of the NEAUHLF. The subgraphs (A) is the gene
expression pro�le of two chicken strains. The X-axis and Y-axis is the -log (p-value) of fat and lean meat
lines, respectively. Figure (B) shows the differential expression of genes in adipose tissues in fat and lean
lines at the 7th week of age.


