


according to the tissue showing the highest expression in the cluster.  

 

Figure 3. Network visualization and clustering of the chicken gene expression atlas. (A) A three-

dimensional visualization of a Pearson correlation gene-to-gene graph of expression levels derived 

from RNA-Seq data from analysis of all chicken tissues. (B-D) The tissue specificity of gene co-

expression in three selected clusters are shown, including adrenal gland (B), abdominal fat (C), 

pituitary (D), and liver/kidney (E). Each node (sphere) in the graph represents a gene and the edges 

(lines) correspond to correlations between individual measurements above the defined threshold. 

Co-expressed genes form highly connected complex clusters within the graph. Genes were assigned 

to groups according to their level of co-expression using the MCL algorithm. 
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The tissue-specific expression patterns observed across clusters are highly similar to those observed 

in pigs, sheep, humans and mice (Clark et al., 2017; Freeman et al., 2012; Su et al., 2002, 2004). 

Most co-expression clusters included genes exhibiting a specific tissue expression pattern (Figure 

3A). There were some exceptions, including the largest cluster (cluster one), which contains 

ubiquitously expressed "housekeeping" genes, encoding proteins that may play roles in all cell types. 

With a few exceptions, the remaining co-expression clusters were composed of genes exhibiting 

expression only in a distinct tissue, such as the adrenal gland (component 6) (Figure 3B), abdominal 

fat (component 7) (Figure 3C), or pituitary (component 10) (Figure 3D).  

 

Some co-expression is shared between two or more organ systems and is associated with known 

shared functions. For example, the second largest component 2, with 481 nodes (Figure 3E), 

exhibiting high expression in the liver and kidney, is enriched by KEGG for expression of genes 

relating to the biosynthesis of cofactors, carbon metabolism, glycolysis/gluconeogenesis process, 

and PPAR signaling pathway. It contains many genes that encode enzymes involved in amino acid 

biosynthesis (e.g., PRPS2, PSPH, CTH, MAT2L, ACY1, SDSL, MAT1A, PAH, GPT2, and ALDOB) 

and tryptophan metabolism (MAOA, HAAO, KMO, ALDH8A1, KYNU, TDO2, EHHADH, IDO2, 

CAT, and KYAT1). The contribution of the kidney and liver to amino acid metabolism is well known 

in humans (Stumvoll et al., 1998) and rodents (Ayyar et al., 2017). These observations suggest that 

shared catabolic pathways in the liver and kidney are largely conserved in chicken, and detailed 

collation of genes in this cluster could provide further specific insights. In addition, we identified a 

large number of genes specifically expressed in abdominal adipose (Figure 3C) and pituitary tissues 

(Figure 3D). 

 

The adrenal gland 

Stringent co-expression clustering requires that each transcript be quantified in a sufficiently large 

number of different states to establish a strong correlation with all other transcripts with which it 

shares coordinated transcription and, by implication, a shared function or pathway. The impact of 

this approach, which was effective for profiling the expression of region-specific genes in specific 

tissue, was evident from the pig and sheep gene expression atlases (Clark et al., 2017; Freeman et 
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al., 2012). The paired chicken adrenal glands are located anterior and medial to the cephalic lobes 

of the kidneys (Scanes and Dridi, 2021). In this study, we sampled and sequenced the adrenal tissues 

from both sides separately to identify genes that might be associated with adrenocortical function 

in development, maturation, and stress. We identified three main adrenal clusters (clusters 14, 64, 

and 91) from the atlas data (Figure 4A). Genes in cluster 14 showed the highest expression levels 

in adrenal glands with many of the genes encoding well-characterized steroidogenesis-specific 

proteins, including STAR, CYP11A1, CYP21A1, HSD3B1, HSPD1, LSS, DHCR7, DHCR24, and 

SOAT1. Genes in this cluster were enriched for KEGG pathways including “steroid biosynthesis” 

(p = 1.91 × 10-11), “aldosterone synthesis and secretion” (p = 7.10 × 10-6), and “cortisol synthesis 

and secretion” (p = 1.46 × 10-5) (Figure 4B).  

 

Figure 4. Heat-map (A) showing the mRNA levels of the genes in adrenal gland clusters, which 

were enriched for KEGG pathway as shown by dotplot (B). 

 

The expression of STAR and CYP11A1 in chicken adrenal glands differs from human, mouse, pig, 

and sheep, and is restricted to adrenal glands with specific high expression, in which the expression 

level of STAR was nearly 500-fold higher than that of ovarian tissue (Karlsson et al., 2022). Adrenal 

steroidogenesis is carried out by microsomal and mitochondrial enzymes, which are highly 
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conserved among vertebrates (Castillo et al., 2015). STAR is the hormone-sensitive, steroidogenic 

acute regulatory protein that delivers free cholesterol from the outer mitochondrial membrane to the 

inner mitochondrial membrane, which is primarily localized to the gonads and adrenals, known as 

the “classical” steroidogenic organs, in mammals (Anuka et al., 2013; Bauer et al., 2000). In 

agreement with our findings, relatively high expression of STAR was also observed in the hen 

adrenal, instead of gonads (Bauer et al., 2000). Among chicken ovarian tissues, the highest level of 

STAR expression was observed in the granulosa layer of the F1 follicle (Bauer et al., 2000). The 

expression pattern of CYP11A1 in domestic chickens is also significantly different from that of 

mammals. The CYP11A1 gene encodes the cholesterol side-chain cleavage enzyme, also termed 

cytochrome P450scc, which catalyzes the conversion of cholesterol to pregnenolone in the first step 

of steroid biosynthesis in mitochondria. It is expressed in the mammals adrenals and gonads under 

the control of pituitary peptide hormones (Guo et al., 2007), but our findings showed that CYP11A1 

was more abundant in adrenals (~8000 TPM) than in gonad tissue (~240 TPM). These results 

suggest that the adrenals may contribute precursors to gonadal steroidogenesis in chickens. 

CYP11A1 expression levels was found to have similar expression levels in zebrafinch testis, ovary 

and adrenal (Freking et al., 2000). It is indicated that the expression pattern of steroidogenesis-

specific genes may not be uniform among the avian species in that in some species there may be an 

“adrenalgonadal unit” in which the adrenals contribute precursors for gonadal steroidogenesis. 

 

In addition, those genes, including LSS, DHCR7, and DHCR24 involved in cholesterol biosynthesis, 

were highly expressed in the liver and adrenal glands of mammals (Karlsson et al., 2022). By 

comparison, the TPM level of chicken LSS, DHCR7, and DHCR24 showed peak expression in the 

adrenal glands, which was nearly 10-fold higher than that of liver tissue. In mammals, cholesterol 

is either absorbed from dietary sources or synthesized de novo. The liver and intestinal mucosa are 

the main sites of cholesterol synthesis. Up to 70–80% of cholesterol in humans is synthesized de 

novo by the liver, and another 10% is synthesized de novo by the small intestine (Yang et al., 2020). 

The LSS gene encodes lanosterol synthase and a null mutation for lss decreased cholesterol levels 

in rats (Mori et al., 2006). DHCR7 is the enzyme that catalyzes the reduction of 7-

dehydrocholesterol to cholesterol in the last step of cholesterol biosynthesis (Horling et al., 2012). 

DHCR24 is the enzyme that catalyzes the cholesterol biosynthesis by reducing the delta-24 double 
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bond of desmosterol (Cecchi et al., 2008). Previous studies have demonstrated that three enzymes 

are key factors contributing to the hydrogenation of dehydrocholesterol. Interestingly, our mapping 

shows that the adrenal gland appears to contain the key enzymes required for local de novo 

cholesterol synthesis, which may be a potentially important tissue for cholesterol synthesis in 

chickens.  

 

Anatomical Profiling of G Protein-Coupled Receptor Expression 

G protein-coupled receptors (GPCRs) are the most commonly exploited targets in modern medicine. 

The GPCR superfamily comprises the largest and most diverse group of surface receptors in 

mammals (Regard et al., 2008). GPCRs are differentially expressed throughout the organism, 

respond to diverse endogenous ligands, and regulate a host of physiological processes, including 

hemostasis, immune function, metabolism, neurotransmission, and reproduction (Lagerström et al., 

2006). Although in vivo roles have been defined for many of the GPCRs in mice and humans, the 

expression and function of many such receptors are incompletely characterized in avian species, 

including chickens, and a significant fraction remain orphans in vertebrates (Kooistra et al., 2021; 

Vassilatis et al., 2003). Relying on our established domestic chicken TGEA database, we analyzed 

the pattern of GPCR mRNA expression across tissues and the relative abundance of each of 254 

nonodorant GPCRs in 38 tissues from adult chickens. Hierarchical clustering analysis revealed 

groupings of tissues and receptors that predicted physiological functions for individual receptors 

and receptor clusters (Figure 5A). The resulting dendrograms for both the tissue and receptor axes 

showed functional clusters. 

 

The CNS tissues cerebrum, hypothalamus, retina, cerebellum, spinal cord, hindbrain, and midbrain 

clustered together, as did the immune/hematopoietic tissues spleen and thymus gland. The 

steroidogenic organs adrenal gland and ovary, clustered with the parathyroid glands, infundibulum, 

uterus, Bursa of Fabritius, and skin. However, the testes had a very distinct pattern of GPCR 

expression. Liver, kidney, heart, muscle, gizzard, crop, tongue, pancreas, magnum, and 

proventriculus formed a group, as did large ileum, duodenum, jejunum, cecum, and rectum. Pituitary 

and pineal body formed a cluster, perhaps related to their common endocrine function. Abdominal 

fat and visceral fat formed an “adipose” cluster. The lung and thyroid gland formed a cluster, perhaps 
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related to development from the endoderm. 

 

 

Figure 5. Hierarchical clustering of GPCR expression across chicken tissues. (A) Transformed 

RNA-Seq data for the 254 GPCRs assayed in the 38 tissues was evaluated by unsupervised 

hierarchical clustering with average linkage with R package pheatmap. Multiple clusters and 
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subclusters were seen, and ten were chosen for further analysis. (B) A small portion of the “CNS” 

cluster, by far the largest. This portion contains receptors for important neurotransmitters including 

serotonin, neuropeptide Y, orexin and opiates. (C) The retinal cluster contains light-sensing opsins 

as well as other receptors known to regulate vision. (D) The “pituitary-pineal body” cluster contains 

many well-documented regulators of pituitary and pineal body function, including GHRHR, TRHR, 

OPN4. (E) A portion of the “adipose” cluster is shown; note the abundance of GCGR, SSTR2, 

NPY4R, PTAFR and FZD4. (F-J) unique groups of receptors clusters in testis (F), thyroid gland (H), 

adrenal gland (I), ovary (J), and infundibulum (K) were shown. 

 

A number of receptor axis clusters were easily recognized (Figure 5). The CNS cluster was by far 

the largest. Our analysis, as well as others (Regard et al., 2008; Vassilatis et al., 2003), suggests that 

more than 80% of all nonodorant GPCRs are expressed in the CNS. A small portion of the “CNS” 

cluster in the cerebrum and hypothalamus is shown in Figure 5B. Included are GPRP, PTGFR, 

GHSR, MC3R, NMUR2, ADGRB2, GPR52, SSTR3, GRP21, NPY2R, CRHR2, BRS3, HTR2C, 

NPY5R, HTR1B, GPR78, CCKBR, NPFFR1, DRD3, and HTR1A, all of which have been implicated 

in the regulation of neuronal function in vertebrates (Kooistra et al., 2021). 

 

The highly expressed genes in retina tissue were shown in Figure 5C, which contains DRD4, OPN5, 

OPN1LW, RHO, DRD1, DRD5, GPR153, ADORPA2B, MTNR1A, GPR26, and HCRTR2, all of 

which are known to function in the eye (Chen and Palczewski, 2016; Chen et al., 2016). The pituitary 

cluster (Figure 5D) includes GPR149, GHRHR, AVPR1B, TRHR, DRD2, and NPBWR2. 

Correspondingly, FZD3, ADGRV1, ADRA2C, GPR143, and OPN4 were highly expressed in the 

pineal body. It is widely assumed that hypothalamic GHRH activates GHRH receptor (GHRHR) to 

stimulate GH synthesis and release in the pituitary of chickens (Wang et al., 2007). Interestingly, 

NPBWR2 has recently been previously implicated in pituitary gland function as a novel inhibitory 

secretagogue for GH, prolactin, and ACTH in chickens (Bu et al., 2016; Liu et al., 2022). In this 

study, DRD2 was demonstrated to mediate the effect of dopamine to inhibit VIP-induced cPRL 

expression in the chicken anterior pituitary (Lv et al., 2018). Chicken TRHR1 plays important roles 

in mediating TRH actions on the chicken pituitary, such as involvement in the regulation of TSH, 

GH, and PRL secretion (Harvey, 1990; Harvey et al., 1978; Scanes, 1974). AVPR1B was thought to 
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partially mediate the AVT-induced cPOMC/cPRL expression in anterior pituitary (Wu et al., 2019). 

In mammals, Gpr149 was highly expressed in the ovary and also in the brain, and Gpr149 knockout 

mice displayed increased fertility and enhanced ovulation (Edson et al., 2010; Karlsson et al., 2022). 

Considering the specific high expression of GPR149 in the pituitary gland of domestic chickens, 

the question of whether GPR149 signaling in chickens play a role similar to that found in mammals 

awaits further investigation. 

 

Finally, unique groups of receptor clusters in the testis, thyroid gland, adrenal gland, infundibulum, 

and ovary were shown in Figure 5F-5J. The expression and function of most receptors in these 

groups have been widely studied, but many unique expression features that have not been reported 

were found in this TGEA database. For example, testes showed a GPCR expression pattern very 

distinct from that of other tissues. TAS2R40, GPR156, ADGRG2, GPR61, MCHR1, TACR3, TAS1R3, 

NMBR, and TAAR5 were almost perfectly specific to testes. It is unknown whether such receptors 

play a role in spermatogenesis or other testicular functions and their potential utility as targets for 

drugs aimed at controlling fertility. Whether these receptors play a role in spermatogenesis or other 

testicular functions in chickens is unknown. 

 

Taken together, the results outlined above reveal that tissues cluster into largely expected functional 

groups purely on the basis of their GPCR repertoires, and both expected and unique groups of 

receptors cluster by tissue function. These data identify sets of receptors involved in specific aspects 

of physiology and should prove useful in providing clues regarding in vivo roles for orphan GPCRs 

and new roles for receptors with known ligands in avian. 

 

Sex-biased gene expression in chickens 

Sex-specific differences in gene expression have been reported in humans (Imahara et al., 2005), 

mice (Everhardt Queen et al., 2016), cattle (Forde et al., 2016) and pigs (Zhang et al., 2013). DESeq2 

was used to examine male and female biased gene expression in chicken tissues (except for non-

somatic tissues such as the testis, ovary, infundibulum, magnum, and uterus) (Love et al., 2014). 

For all somatic tissues and each tissue, we used DESeq2 to identify mRNAs with sex-biased 

expression at a global false discovery rate (FDR) of 5%. Differential expression between testis and 
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ovary tissues (gonads) was analyzed and corrected separately due to the mixture of sex-related and 

tissue-related effects, which otherwise reduced the stringency of the significance test for the somatic 

samples. An overview of sex-biased gene expression for all somatic tissues and single tissues is 

given in Figure 6, with complete details available in Supplementary Table 5. We identified several 

individual genes that were sex-biased in multiple somatic tissues from a single species 

(Supplementary Table 6). 

 

We found evidence of sex-biased differentially expressed genes (DEGs) in all of the investigated 32 

somatic tissues, with a total proportion in whole somatic tissues (478 DEGs out of 22292 genes) 

(Figure 6A-6B), In addition to the sex-biased miRNA expression found in somatic tissues, we 

consistently found pronounced sex differences in the gonads (Figure 6C). Among the somatic 

tissues, the largest proportion was found in chicken pineal body (659 of 18124 genes) (Figure 6D), 

pituitary (530 of 18435 genes) (Figure 6E) and liver (468 of 15457) (Figure 6F), with the smallest 

proportion found in chicken tongue (80 of 16296), pancreas (88 of 13753), and proventriculus (105 

of 14584). These findings are consistent with the large numbers of protein-coding genes that are 

expressed in a sex-biased manner in various tissues of the mouse (Yang et al., 2006). It is indicated 

that most sex-biased genes in somatic tissues are autosomal. The expression pattern of these genes 

can be explained through direct or indirect regulation by hormones or other sex-biased factors. 
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Figure 6. Sex-biased genes expression in chicken. Different expression genes (DEGs) were 

calculated for three male and three female replicates per tissue and the significance assessed with 

DESeq2, performed separately for somatic and gonadal samples. (A) Two-dimensional hierarchical 

clustering of different expression genes in 32 somatic tissues of six chickens. A set of 478 most 

differently active genes are clustered on the vertical axis, with individual tissues clustered on the 

horizontal axis. (B) Volcano plots showing the distribution of log2 gene expression of somatic 

tissues in female and male chickens (values > 0: female-biased genes; values < 0 male-biased genes) 

and significance levels. Red/green color marks significant genes (padj < 0.05). (C) Volcano plots 

showing that in addition to the sex-biased miRNA expression found in somatic tissues, we 

consistently found pronounced sex differences in the gonads. (D-F) Among the somatic tissues, the 

largest proportion was found in chicken pineal body (D), pituitary (E) and liver (F). 

 

The top 15 female-biased DEGs (with well annotation in NCBI database, and basemean > 10) in 

somatic tissues are SMAD7B, ST8SIA3L, SPIN1L, UBAP2, UBE2R2L, HINTW, HNRNPKL, 

ATP5F1AW, ACTR10L, THEM4, MTTPL, MHCY15, ZP1, YLEC8, and YLEC13, and the top 15 

male-biased DEGs are ZNF226L, CCLI7, CCDC152, HCK, ZNFY1, OZFL, HIST1H2B8, NAA38, 

MHCY32, CETP, CENPK, PMM2, TMEM70, MSH3, and SNAPC5. Among these genes, some 
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candidate genes were identified as potential regulators for establishing sexual identity. SMAD7B, 

which is conserved in the SMAD family, was cloned from the developing chicken limbs in a 

previous study (Vargesson and Laufer, 2009). However, the functions of SMAD7B have not been 

determined. Conversely, histidine triad nucleotide-binding protein W (HINTW) is a well-analyzed 

W-linked candidate gene characterized by strong expression patterns in female embryos (Hori et al., 

2000). Gene amplification and conversion in HINTW coincide with this being the only gene on the 

avian W chromosome so far found to have evolved a distinct female-specific function, which should 

be particularly beneficial to genes that have specialized in function subsequent to sex chromosome 

differentiation (Backström et al., 2005). In agreement with previous studies, ZP1 was highly 

expressed in the female chicken liver, which was indicated to be synthesized in the liver and 

transported via the bloodstream to the follicle (Bausek et al., 2000, 2004). CCDC152, located on 

the W-chromosome, was highly expressed in the male kidney and liver, which was identified to 

reduce cell proliferation and migration through the JAK2/STAT signaling pathway in chicken (Lin 

et al., 2017). a PMM2 also had higher expression in male chickens, which was found in metabolic 

pathways such as amino sugar and nucleotide sugar metabolism and fructose and mannose 

metabolism (Kanehisa and Goto, 2000). Differential regulation of PMM2 has been associated with 

virus infection of chicken embryo fibroblast cell cultures (Maślikowski et al., 2010). We also found 

that male chickens exhibited significantly higher levels of autophagy related 10 (ATG10) mRNA in 

the testis and kidney, which is consistent with previous reports (Piekarski et al., 2014). ATG10 is a 

critical gene for autophagy and cancer, and there is increasing evidence for the importance of 

autophagy-related genes in the maintenance, therapy, and pathogenesis of cancer (Arya et al., 2018). 

Some of the sex differentially expressed genes obtained in this study have been analyzed in previous 

studies, but we found more unreported sex differentially expressed genes, which provide clues for 

the subsequent in-depth analysis of avian sex differences. In addition, several candidates that may 

regulate the expression of other genes were identified in this study. In the future, functional analysis 

of sex-biased genes in chicken is required. 

 

Sexually dimorphic gene expression in chicken anterior pituitary 

In the chicken pituitary, some genes with a high TPM value (>200) are expressed in a sex-dependent 

manner, including LOC121107016, LOC121107017, LOC112533599, CPLX1, RLN3, GRP, 
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HPGDS, HEXB, SPARCL1 in female, and HSPA5, PLK2, CSRP2, CCDC80, LOC112532140, 

TMEM201 in male (Figure 6E). Interestingly, in our previous scRNA-seq study, we found that in 

gonadotrophs clusters of the chicken anterior pituitary, some genes (CPLX1, RLN3, GRP and 

HPGDS) are also expressed in a sex-dependent manner (Zhang et al., 2021). RLN3 is highly 

expressed in female pituitary gonadotrophs but not in male pituitary gonadotrophs. Similarly, GRP, 

HPGDS, and CPLX1 have relatively higher mRNA levels in female than that in male gonadotrophs, 

which was confirmed by using quantitative real-time PCR (qPCR) to indicate the sexually 

dimorphic expression patterns of GRP, RLN3, and HPGDS at the whole anterior pituitary level 

(Zhang et al., 2021). In addition, some novel differentially expressed genes were revealed in this 

study. SPARCL1, which has been proposed to mediate skeleton mineralization in these vertebrates 

(Venkatesh et al., 2014), was found to be highly expressed in the female pituitary. CCDC80, 

expressed highly in male pituitary and fat tissues, is a crucial regulator of energy homeostasis in 

vivo and functions as an inhibitor of adipogenesis (Grill et al., 2017). The sexually dimorphic 

expression pattern of genes in pituitary tissues may have important physiological relevance. For 

example, GRP and RLN3, which are highly expressed in female (but not male) pituitary 

gonadotropins, may play important roles in female reproduction. Future studies of these sex-biased 

genes in chickens and other birds will help reveal not only their effects on growth, metabolism, 

stress, and reproduction in males and females, but also their association with phenotypic 

characteristics of birds (e.g., egg-laying performance, reproductive mode, and meat production). 

 

Visualization of the expression atlas 

We have provided the chicken tissue gene expression atlas (TGEA) as a searchable database hosted 

on the website (https://chickenatlas.avianscu.com/) via the Shiny Server Open Source software 

(Chang et al., 2017). The Shiny application allows users to view and download the expression profile 

of any given gene across tissues. The data was tabulated using the dplyr package and plotted using 

the ggplot2 package (Conesa et al., 2016). An R Shiny application to interact with the database was 

developed using the following R packages: shiny, shinyfeedback, and shinycssloaders (Sali and 

Attali, 2017). An example profile of the melanocortin receptor accessory protein 2 (MRAP2) gene 

from chicken is included in Figure 7, which is highly consistent with the tissue distribution we 

reported previously (Zhang et al., 2017). The chicken TGEA expression profiles are based on TPM 
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estimates from the alignment-free Salmon output for the Lohmann White libraries, averaged across 

samples for ease of visualization. It is important to note that there may be a degree of variation in 

the expression patterns of specific genes between individuals, which was displayed using box plots. 

In addition, gene names and gene descriptions et al. of each gene were listed on the website to allow 

comparison between species, which is not the case for all genes in the atlas due to the limit of gene 

annotation in the current database. In parallel to the alignment-free Salmon method, a similar 

expression matrix was obtained by using an alignment-based approach to RNA-Seq processing with 

the HISAT, StringTie, and Ballgown pipeline (Pertea et al., 2016).  

 

 

Figure 7. Screenshot of the expression profile of the chicken melanocortin receptor accessory 

protein 2 (MRAP2) gene within the Lohmann White chicken online tissue gene expression atlas 

(TGEA). Expression estimates from the chicken TGEA are available via the Shiny Server. This 

provides a searchable database of genes, with expression profiles across tissues for each gene 

displayed as histograms via the following link, https://chickenatlas.avianscu.com/. The Shiny Server 

platform supports searching for genes and downloading the high-solution figures, allows access to 

the raw data, and links to external resources.  

 

Conclusions 

In conclusion, we present a transcriptional landscape of the chicken, covering 38 tissues and organs, 

to allow annotation of chicken genes based on an expression analysis, providing the largest gene 

expression dataset from an avian species to date. A genome-wide resource of the transcriptome map 

across all major tissues in chicken has been launched, and the data is available as an open-access 
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resource called the chicken TGEA Atlas (chickenatlas.avianscu.com) with the gene expression 

profile across all tissues, including a comparison to the human and pig orthologs. Using the network 

clustering approach, we have been able to recapitulate known expression and functional 

relationships between genes as well as infer new ones based on guilt by association. The detailed 

analysis of the transcriptional landscape of genes encoding GPCRs showed that they highly 

exhibited tissue-specific patterns of expression and were enriched for distinct functions and 

pathways. This resource will aid studies to understand GPCR function and may assist in the 

identification of therapeutic targets in vertebrates. The TGEA atlas also provided evidence of the 

global expression of the sexually dimorphic genes, which is helping to understand the important 

pathways and networks with differential expression levels in males and females. Above all, this 

resource will facilitate future attempts to understand chicken biology and to use chicken as an animal 

model system for biomedical research, physiological, morphological, behavioral, and other aspects 

of development. 

 

Availability of data and materials 

The data for the current study are available from the corresponding author upon reasonable request. 

 

Ethics statement 

All animal experiments were conducted in accordance with the Guidelines for Experimental 

Animals issued by the Ministry of Science and Technology of People’s Republic of China. All 

animal experimental protocols were approved by the Animal Ethics Committee of the College of 

Life Sciences, Sichuan University (Chengdu, China). 

 

Funding 

This work was supported by the Fundamental Research Funds for the Central Universities, and the 

Project Funded by China Postdoctoral Science Foundation (2019M653412 and 2020T130439). 

  

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted August 1, 2022. ; https://doi.org/10.1101/2022.07.30.500160doi: bioRxiv preprint 

https://doi.org/10.1101/2022.07.30.500160
http://creativecommons.org/licenses/by-nc-nd/4.0/


Reference 

Andersson, R., Gebhard, C., Miguel-Escalada, I., Hoof, I., Bornholdt, J., Boyd, M., Chen, Y., Zhao, 

X., Schmidl, C., and Suzuki, T. (2014). An atlas of active enhancers across human cell types and 

tissues. Nature 507, 455–461. https://doi.org/10.1038/nature12787. 

Anuka, E., Gal, M., Stocco, D.M., and Orly, J. (2013). Expression and roles of steroidogenic acute 

regulatory (StAR) protein in ‘non-classical’, extra-adrenal and extra-gonadal cells and tissues. 

Molecular and Cellular Endocrinology 371, 47–61. https://doi.org/10.1016/j.mce.2013.02.003. 

Arya, B.D., Mittal, S., Joshi, P., Pandey, A.K., Ramirez-Vick, J.E., and Singh, S.P. (2018). Graphene 

oxide-chloroquine nanoconjugate induce necroptotic death in A549 cancer cells through autophagy 

modulation. Nanomedicine (Lond) 13, 2261–2282. https://doi.org/10.2217/nnm-2018-0086. 

Ayyar, V.S., Almon, R.R., DuBois, D.C., Sukumaran, S., Qu, J., and Jusko, W.J. (2017). Functional 

proteomic analysis of corticosteroid pharmacodynamics in rat liver: Relationship to hepatic stress, 

signaling, energy regulation, and drug metabolism. Journal of Proteomics 160, 84–105. 

https://doi.org/10.1016/j.jprot.2017.03.007. 

Backström, N., Ceplitis, H., Berlin, S., and Ellegren, H. (2005). Gene Conversion Drives the 

Evolution of HINTW, an Ampliconic Gene on the Female-Specific Avian W Chromosome. 

Molecular Biology and Evolution 22, 1992–1999. https://doi.org/10.1093/molbev/msi198. 

Bauer, M.P., Bridgham, J.T., Langenau, D.M., Johnson, A.L., and Goetz, F.W. (2000). Conservation 

of steroidogenic acute regulatory (StAR) protein structure and expression in vertebrates. Molecular 

and Cellular Endocrinology 168, 119–125. https://doi.org/10.1016/S0303-7207(00)00316-6. 

Bausek, N., Waclawek, M., Schneider, W.J., and Wohlrab, F. (2000). The Major Chicken Egg 

Envelope Protein ZP1 Is Different from ZPB and Is Synthesized in the Liver *. Journal of Biological 

Chemistry 275, 28866–28872. https://doi.org/10.1074/jbc.275.37.28866. 

Bausek, N., Ruckenbauer, H.H., Pfeifer, S., Schneider, W.J., and Wohlrab, F. (2004). Interaction of 

Sperm with Purified Native Chicken ZP1 and ZPC Proteins1. Biology of Reproduction 71, 684–

690. https://doi.org/10.1095/biolreprod.104.028605. 

Bu, G., Lin, D., Cui, L., Huang, L., Lv, C., Huang, S., Wan, Y., Fang, C., Li, J., and Wang, Y. (2016). 

Characterization of neuropeptide B (NPB), neuropeptide W (NPW), and their receptors in chickens: 

evidence for NPW being a novel inhibitor of pituitary GH and prolactin secretion. Endocrinology 

157, 3562–3576. https://doi.org/10.1210/en.2016-1141. 

Burnside, J., Neiman, P., Tang, J., Basom, R., Talbot, R., Aronszajn, M., Burt, D., and Delrow, J. 

(2005). Development of a cDNA array for chicken gene expression analysis. BMC Genomics 6, 1–

11. https://doi.org/10.1186/1471-2164-6-13. 

Cardoso-Moreira, M., Halbert, J., Valloton, D., Velten, B., Chen, C., Shao, Y., Liechti, A., Ascenção, 

K., Rummel, C., Ovchinnikova, S., et al. (2019). Gene expression across mammalian organ 

development. Nature 571, 505–509. https://doi.org/10.1038/s41586-019-1338-5. 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted August 1, 2022. ; https://doi.org/10.1101/2022.07.30.500160doi: bioRxiv preprint 

https://doi.org/10.1101/2022.07.30.500160
http://creativecommons.org/licenses/by-nc-nd/4.0/


Castillo, A.F., Orlando, U., Helfenberger, K.E., Poderoso, C., and Podesta, E.J. (2015). The role of 

mitochondrial fusion and StAR phosphorylation in the regulation of StAR activity and 

steroidogenesis. Molecular and Cellular Endocrinology 408, 73–79. 

https://doi.org/10.1016/j.mce.2014.12.011. 

Cecchi, C., Rosati, F., Pensalfini, A., Formigli, L., Nosi, D., Liguri, G., Dichiara, F., Morello, M., 

Danza, G., and Pieraccini, G. (2008). Seladin‐1/DHCR24 protects neuroblastoma cells against Aβ 

toxicity by increasing membrane cholesterol content. Journal of Cellular and Molecular Medicine 

12, 1990–2002. https://doi.org/10.1111/j.1582-4934.2008.00216.x. 

Chang, W., Cheng, J., Allaire, J., Xie, Y., and McPherson, J. (2017). Shiny: web application 

framework for R. R Package Version 1, 2017. . 

Chen, Y., and Palczewski, K. (2016). Systems pharmacology links GPCRs with retinal degenerative 

disorders. Annual Review of Pharmacology and Toxicology 56, 273. 

https://doi.org/10.1146/annurev-pharmtox-010715-103033. 

Chen, Y., Kern, T.S., Kiser, P.D., and Palczewski, K. (2016). Eyes on systems pharmacology. 

Pharmacol Res 114, 39–41. https://doi.org/10.1016/j.phrs.2016.09.026. 

Clark, E.L., Bush, S.J., McCulloch, M.E.B., Farquhar, I.L., Young, R., Lefevre, L., Pridans, C., 

Tsang, H.G., Wu, C., Afrasiabi, C., et al. (2017). A high resolution atlas of gene expression in the 

domestic sheep (Ovis aries). PLOS Genetics 13, e1006997. 

https://doi.org/10.1371/journal.pgen.1006997. 

Conesa, A., Madrigal, P., Tarazona, S., Gomez-Cabrero, D., Cervera, A., McPherson, A., Szcześniak, 

M.W., Gaffney, D.J., Elo, L.L., and Zhang, X. (2016). A survey of best practices for RNA-seq data 

analysis. Genome Biology 17, 1–19. . 

Cunningham, F., Allen, J.E., Allen, J., Alvarez-Jarreta, J., Amode, M.R., Armean, I.M., Austine-

Orimoloye, O., Azov, A.G., Barnes, I., and Bennett, R. (2022). Ensembl 2022. Nucleic Acids 

Research 50, D988–D995. https://doi.org/10.1093/nar/gkab1049. 

Davey, M.G., and Tickle, C. (2007). The chicken as a model for embryonic development. 

Cytogenetic and Genome Research 117, 231–239. https://doi.org/10.1159/000103184. 

Dimonaco, N.J., Salavati, M., and Shih, B.B. (2020). Computational Analysis of SARS-CoV-2 and 

SARS-Like Coronavirus Diversity in Human, Bat and Pangolin Populations. Viruses 13, 49. 

https://doi.org/10.3390/v13010049. 

Djureinovic, D., Fagerberg, L., Hallström, B., Danielsson, A., Lindskog, C., Uhlén, M., and Pontén, 

F. (2014). The human testis-specific proteome defined by transcriptomics and antibody-based 

profiling. Molecular Human Reproduction 20, 476–488. https://doi.org/10.1093/molehr/gau018. 

Edson, M.A., Lin, Y.-N., and Matzuk, M.M. (2010). Deletion of the novel oocyte-enriched gene, 

Gpr149, leads to increased fertility in mice. Endocrinology 151, 358–368. 

https://doi.org/10.1210/en.2009-0760. 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted August 1, 2022. ; https://doi.org/10.1101/2022.07.30.500160doi: bioRxiv preprint 

https://doi.org/10.1101/2022.07.30.500160
http://creativecommons.org/licenses/by-nc-nd/4.0/


Everhardt Queen, A., Moerdyk-Schauwecker, M., McKee, L.M., Leamy, L.J., and Huet, Y.M. 

(2016). Differential expression of inflammatory cytokines and stress genes in male and female mice 

in response to a lipopolysaccharide challenge. PLoS One 11, e0152289. 

https://doi.org/10.1371/journal.pone.0152289. 

Forde, N., Maillo, V., O’Gaora, P., Simintiras, C.A., Sturmey, R.G., Ealy, A.D., Spencer, T.E., 

Gutierrez-Adan, A., Rizos, D., and Lonergan, P. (2016). Sexually dimorphic gene expression in 

bovine conceptuses at the initiation of implantation. Biology of Reproduction 95, 92, 1–8. 

https://doi.org/10.1095/biolreprod.116.139857. 

Freeman, T.C., Ivens, A., Baillie, J.K., Beraldi, D., Barnett, M.W., Dorward, D., Downing, A., 

Fairbairn, L., Kapetanovic, R., Raza, S., et al. (2012). A gene expression atlas of the domestic pig. 

BMC Biology 10, 90. https://doi.org/10.1186/1741-7007-10-90. 

Freeman, T.C., Horsewell, S., Patir, A., Harling-Lee, J., Regan, T., Shih, B.B., Prendergast, J., Hume, 

D.A., and Angus, T. (2020). Graphia: A platform for the graph-based visualisation and analysis of 

complex data. BioRxiv. 

Freking, F., Nazairians, T., and Schlinger, B.A. (2000). The Expression of the Sex Steroid-

Synthesizing Enzymes CYP11A1, 3β-HSD, CYP17, and CYP19 in Gonads and Adrenals of Adult 

and Developing Zebra Finches. General and Comparative Endocrinology 119, 140–151. 

https://doi.org/10.1006/gcen.2000.7503. 

Grill, J.I., Neumann, J., Herbst, A., Ofner, A., Hiltwein, F., Marschall, M.K., Zierahn, H., Wolf, E., 

Schneider, M.R., and Kolligs, F.T. (2017). Loss of DRO1/CCDC80 results in obesity and promotes 

adipocyte differentiation. Molecular and Cellular Endocrinology 439, 286–296. 

https://doi.org/10.1016/j.mce.2016.09.014. 

Guo, I.-C., Shih, M.-C., Lan, H.-C., Hsu, N.-C., Hu, M.-C., and Chung, B. (2007). Transcriptional 

regulation of human CYP11A1 in gonads and adrenals. J Biomed Sci 14, 509–515. 

https://doi.org/10.1007/s11373-007-9177-z. 

Harvey, S. (1990). Thyrotrophin-releasing hormone: a growth hormone-releasing factor. Journal of 

Endocrinology 125, 345–358. https://doi.org/10.1677/joe.0.1250345. 

Harvey, S., Scanes, C.G., Chadwick, A.C., and Bolton, N.J. (1978). The effect of thyrotropin-

releasing hormone (TRH) and somatostatin (GHRIH) on growth hormone and prolactin secretion 

in vitro and in vivo in the domestic fowl (Gallus domesticus). Neuroendocrinology 26, 249–260. 

https://doi.org/10.1159/000122831. 

Hori, T., Asakawa, S., Itoh, Y., Shimizu, N., and Mizuno, S. (2000). Wpkci, Encoding an Altered 

Form of PKCI, Is Conserved Widely on the Avian W Chromosome and Expressed in Early Female 

Embryos: Implication of Its Role in Female Sex Determination. MBoC 11, 3645–3660. 

https://doi.org/10.1091/mbc.11.10.3645. 

Horling, A., Müller, C., Barthel, R., Bracher, F., and Imming, P. (2012). A new class of selective and 

potent 7-dehydrocholesterol reductase inhibitors. Journal of Medicinal Chemistry 55, 7614–7622. 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted August 1, 2022. ; https://doi.org/10.1101/2022.07.30.500160doi: bioRxiv preprint 

https://doi.org/10.1101/2022.07.30.500160
http://creativecommons.org/licenses/by-nc-nd/4.0/


https://doi.org/10.1021/jm3006096. 

Imahara, S.D., Jelacic, S., Junker, C.E., and O’Keefe, G.E. (2005). The influence of gender on 

human innate immunity. Surgery 138, 275–282. https://doi.org/10.1016/j.surg.2005.03.020. 

K. 1, P. management: F.L.A. 1 M.E.R. 1 W.R. (2004). Sequence and comparative analysis of the 

chicken genome provide unique perspectives on vertebrate evolution. Nature 432, 695–716. 

https://doi.org/10.1038/nature03154. 

Kaiser, V.B., and Ellegren, H. (2006). Nonrandom Distribution of Genes with Sex-Biased 

Expression in the Chicken Genome. Evolution 60, 1945–1951. https://doi.org/10.1111/j.0014-

3820.2006.tb00537.x. 

Kanehisa, M., and Goto, S. (2000). KEGG: kyoto encyclopedia of genes and genomes. Nucleic 

Acids Res 28, 27–30. https://doi.org/10.1093/nar/28.1.27. 

Karlsson, M., Sjöstedt, E., Oksvold, P., Sivertsson, Å., Huang, J., Álvez, M.B., Arif, M., Li, X., Lin, 

L., Yu, J., et al. (2022). Genome-wide annotation of protein-coding genes in pig. BMC Biol 20, 25. 

https://doi.org/10.1186/s12915-022-01229-y. 

Kooistra, A.J., Mordalski, S., Pándy-Szekeres, G., Esguerra, M., Mamyrbekov, A., Munk, C., 

Keserű, G.M., and Gloriam, D.E. (2021). GPCRdb in 2021: integrating GPCR sequence, structure 

and function. Nucleic Acids Research 49, D335–D343. https://doi.org/10.1093/nar/gkaa1080. 

Kuo, R.I., Tseng, E., Eory, L., Paton, I.R., Archibald, A.L., and Burt, D.W. (2017). Normalized long 

read RNA sequencing in chicken reveals transcriptome complexity similar to human. BMC 

Genomics 18, 323. https://doi.org/10.1186/s12864-017-3691-9. 

Lagerström, M.C., Hellström, A.R., Gloriam, D.E., Larsson, T.P., Schiöth, H.B., and Fredriksson, 

R. (2006). The G Protein–Coupled Receptor Subset of the Chicken Genome. PLOS Computational 

Biology 2, e54. https://doi.org/10.1371/journal.pcbi.0020054. 

Li, M., Sun, C., Xu, N., Bian, P., Tian, X., Wang, X., Wang, Y., Jia, X., Heller, R., Wang, M., et al. 

(2022). De Novo Assembly of 20 Chicken Genomes Reveals the Undetectable Phenomenon for 

Thousands of Core Genes on Microchromosomes and Subtelomeric Regions. Molecular Biology 

and Evolution 39, msac066. https://doi.org/10.1093/molbev/msac066. 

Li, X., Chiang, H.-I., Zhu, J., Dowd, S.E., and Zhou, H. (2008). Characterization of a newly 

developed chicken 44K Agilent microarray. BMC Genomics 9, 1–14. https://doi.org/10.1186/1471-

2164-9-60. 

Lin, S., Luo, W., Jiang, M., Luo, W., Abdalla, B.A., Nie, Q., Zhang, L., and Zhang, X. (2017). 

Chicken CCDC152 shares an NFYB-regulated bidirectional promoter with a growth hormone 

receptor antisense transcript and inhibits cells proliferation and migration. Oncotarget 8, 84039–

84053. https://doi.org/10.18632/oncotarget.21091. 

Liu, M., Bu, G., Wan, Y., Zhang, J., Mo, C., Li, J., and Wang, Y. (2022). Evidence for Neuropeptide 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted August 1, 2022. ; https://doi.org/10.1101/2022.07.30.500160doi: bioRxiv preprint 

https://doi.org/10.1101/2022.07.30.500160
http://creativecommons.org/licenses/by-nc-nd/4.0/


W Acting as a Physiological Corticotropin-releasing Inhibitory Factor in Male Chickens. 

Endocrinology 163, bqac073. https://doi.org/10.1210/endocr/bqac073. 

Love, M.I., Huber, W., and Anders, S. (2014). Moderated estimation of fold change and dispersion 

for RNA-seq data with DESeq2. Genome Biology 15, 1–21. https://doi.org/10.1186/s13059-014-

0550-8. 

Lv, C., Mo, C., Liu, H., Wu, C., Li, Z., Li, J., and Wang, Y. (2018). Dopamine D2-like receptors 

(DRD2 and DRD4) in chickens: Tissue distribution, functional analysis, and their involvement in 

dopamine inhibition of pituitary prolactin expression. Gene 651, 33–43. 

https://doi.org/10.1016/j.gene.2018.01.087. 

Mank, J.E., and Ellegren, H. (2009). All dosage compensation is local: Gene-by-gene regulation of 

sex-biased expression on the chicken Z chromosome. Heredity 102, 312–320. 

https://doi.org/10.1038/hdy.2008.116. 

Maślikowski, B.M., Néel, B.D., Wu, Y., Wang, L., Rodrigues, N.A., Gillet, G., and Bédard, P.-A. 

(2010). Cellular processes of v-Src transformation revealed by gene profiling of primary cells - 

Implications for human cancer. BMC Cancer 10, 41. https://doi.org/10.1186/1471-2407-10-41. 

McCarthy, F.M., Pendarvis, K., Cooksey, A.M., Gresham, C.R., Bomhoff, M., Davey, S., Lyons, E., 

Sonstegard, T.S., Bridges, S.M., and Burgess, S.C. (2019). Chickspress: a resource for chicken gene 

expression. Database 2019. https://doi.org/10.1093/database/baz058. 

Merkin, J., Russell, C., Chen, P., and Burge, C.B. (2012). Evolutionary dynamics of gene and 

isoform regulation in Mammalian tissues. Science 338, 1593–1599. 

https://doi.org/10.1126/science.1228186. 

Mori, M., Li, G., Abe, I., Nakayama, J., Guo, Z., Sawashita, J., Ugawa, T., Nishizono, S., Serikawa, 

T., and Higuchi, K. (2006). Lanosterol synthase mutations cause cholesterol deficiency–associated 

cataracts in the Shumiya cataract rat. The Journal of Clinical Investigation 116, 395–404. 

https://doi.org/10.1172/JCI20797. 

Mottet, A., and Tempio, G. (2017). Global poultry production: current state and future outlook and 

challenges. World’s Poultry Science Journal 73, 245–256. 

https://doi.org/10.1017/S0043933917000071. 

Oliver, S. (2000). Guilt-by-association goes global. Nature 403, 601–602. 

https://doi.org/10.1038/35001165. 

Patro, R., Duggal, G., Love, M.I., Irizarry, R.A., and Kingsford, C. (2017). Salmon provides fast 

and bias-aware quantification of transcript expression. Nature Methods 14, 417–419. 

https://doi.org/10.1038/nmeth.4197. 

Pertea, M., Kim, D., Pertea, G.M., Leek, J.T., and Salzberg, S.L. (2016). Transcript-level expression 

analysis of RNA-seq experiments with HISAT, StringTie and Ballgown. Nature Protocols 11, 1650–

1667. https://doi.org/10.1038/nprot.2016.095. 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted August 1, 2022. ; https://doi.org/10.1101/2022.07.30.500160doi: bioRxiv preprint 

https://doi.org/10.1101/2022.07.30.500160
http://creativecommons.org/licenses/by-nc-nd/4.0/


Piégu, B., Arensburger, P., Beauclair, L., Chabault, M., Raynaud, E., Coustham, V., Brard, S., 

Guizard, S., Burlot, T., and Le Bihan-Duval, E. (2020). Variations in genome size between wild and 

domesticated lineages of fowls belonging to the Gallus gallus species. Genomics 112, 1660–1673. 

https://doi.org/10.1016/j.ygeno.2019.10.004. 

Piekarski, A., Khaldi, S., Greene, E., Lassiter, K., Mason, J.G., Anthony, N., Bottje, W., and Dridi, 

S. (2014). Tissue Distribution, Gender- and Genotype-Dependent Expression of Autophagy-Related 

Genes in Avian Species. PLOS ONE 9, e112449. https://doi.org/10.1371/journal.pone.0112449. 

Regard, J.B., Sato, I.T., and Coughlin, S.R. (2008). Anatomical Profiling of G Protein-Coupled 

Receptor Expression. Cell 135, 561–571. https://doi.org/10.1016/j.cell.2008.08.040. 

Sali, A., and Attali, D. (2017). shinycssloaders: Add CSS Loading Animations to “shiny” Outputs. 

R Package Version 2. . 

Scanes, C.G. (1974). Some in vitro effects of synthetic thyrotrophin releasing factor on the secretion 

of thyroid stimulating hormone from the anterior pituitary gland of the domestic fowl. 

Neuroendocrinology 15, 1–9. https://doi.org/10.1159/000122287. 

Scanes, C.G., and Dridi, S. (2021). Sturkie’s avian physiology (Academic Press). 

Singh, R., Cheng, K.M., and Silversides, F.G. (2009). Production performance and egg quality of 

four strains of laying hens kept in conventional cages and floor pens1. Poultry Science 88, 256–264. 

https://doi.org/10.3382/ps.2008-00237. 

Soneson, C., Love, M.I., and Robinson, M.D. (2015). Differential analyses for RNA-seq: transcript-

level estimates improve gene-level inferences. F1000Research 4. 

https://doi.org/10.12688/f1000research.7563.1. 

Stumvoll, M., Meyer, C., Perriello, G., Kreider, M., Welle, S., and Gerich, J. (1998). Human kidney 

and liver gluconeogenesis: evidence for organ substrate selectivity. American Journal of 

Physiology-Endocrinology And Metabolism https://doi.org/10.1152/ajpendo.1998.274.5.E817. 

Su, A.I., Cooke, M.P., Ching, K.A., Hakak, Y., Walker, J.R., Wiltshire, T., Orth, A.P., Vega, R.G., 

Sapinoso, L.M., and Moqrich, A. (2002). Large-scale analysis of the human and mouse 

transcriptomes. Proceedings of the National Academy of Sciences 99, 4465–4470. 

https://doi.org/10.1073/pnas.012025199. 

Su, A.I., Wiltshire, T., Batalov, S., Lapp, H., Ching, K.A., Block, D., Zhang, J., Soden, R., Hayakawa, 

M., and Kreiman, G. (2004). A gene atlas of the mouse and human protein-encoding transcriptomes. 

Proceedings of the National Academy of Sciences 101, 6062–6067. 

https://doi.org/10.1073/pnas.0400782101. 

Uhlén, M., Fagerberg, L., Hallström, B.M., Lindskog, C., Oksvold, P., Mardinoglu, A., Sivertsson, 

Å., Kampf, C., Sjöstedt, E., and Asplund, A. (2015). Proteomics. Tissue-based map of the human 

proteome. Science (New York, NY) 347, 1260419–1260419. 

https://doi.org/10.1126/science.1260419. 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted August 1, 2022. ; https://doi.org/10.1101/2022.07.30.500160doi: bioRxiv preprint 

https://doi.org/10.1101/2022.07.30.500160
http://creativecommons.org/licenses/by-nc-nd/4.0/


Vargesson, N., and Laufer, E. (2009). Negative Smad Expression and Regulation in the Developing 

Chick Limb. PLoS ONE 4, e5173. https://doi.org/10.1371/journal.pone.0005173. 

Vassilatis, D.K., Hohmann, J.G., Zeng, H., Li, F., Ranchalis, J.E., Mortrud, M.T., Brown, A., 

Rodriguez, S.S., Weller, J.R., and Wright, A.C. (2003). The G protein-coupled receptor repertoires 

of human and mouse. Proceedings of the National Academy of Sciences 100, 4903–4908. 

https://doi.org/10.1073/pnas.0230374100. 

Venkatesh, B., Lee, A.P., Ravi, V., Maurya, A.K., Lian, M.M., Swann, J.B., Ohta, Y., Flajnik, M.F., 

Sutoh, Y., Kasahara, M., et al. (2014). Elephant shark genome provides unique insights into 

gnathostome evolution. Nature 505, 174–179. https://doi.org/10.1038/nature12826. 

Wang, K., Hu, H., Tian, Y., Li, J., Scheben, A., Zhang, C., Li, Y., Wu, J., Yang, L., Fan, X., et al. 

(2021). The Chicken Pan-Genome Reveals Gene Content Variation and a Promoter Region Deletion 

in IGF2BP1 Affecting Body Size. Molecular Biology and Evolution 38, 5066–5081. 

https://doi.org/10.1093/molbev/msab231. 

Wang, M.-S., Thakur, M., Peng, M.-S., Jiang, Y.U., Frantz, L.A.F., Li, M., Zhang, J.-J., Wang, S., 

Peters, J., and Otecko, N.O. (2020). 863 genomes reveal the origin and domestication of chicken. 

Cell Research 30, 693–701. https://doi.org/10.1038/s41422-020-0349-y. 

Wang, Y., Li, J., Wang, C.Y., Kwok, A.H.Y., and Leung, F.C. (2007). Identification of the 

Endogenous Ligands for Chicken Growth Hormone-Releasing Hormone (GHRH) Receptor: 

Evidence for a Separate Gene Encoding GHRH in Submammalian Vertebrates. Endocrinology 148, 

2405–2416. https://doi.org/2019041121125134000. 

Wang, Z., Gerstein, M., and Snyder, M. (2009). RNA-Seq: a revolutionary tool for transcriptomics. 

Nature Reviews Genetics 10, 57–63. https://doi.org/10.1038/nrg2484. 

Wu, C., Lv, C., Wan, Y., Li, X., Zhang, J., Li, J., and Wang, Y. (2019). Arginine vasotocin 

(AVT)/mesotocin (MT) receptors in chickens: Evidence for the possible involvement of AVT-

AVPR1 signaling in the regulation of oviposition and pituitary prolactin expression. General and 

Comparative Endocrinology 281, 91–104. https://doi.org/10.1016/j.ygcen.2019.05.013. 

Yang, J., Wang, L., and Jia, R. (2020). Role of de novo cholesterol synthesis enzymes in cancer. J 

Cancer 11, 1761–1767. https://doi.org/10.7150/jca.38598. 

Yang, X., Schadt, E.E., Wang, S., Wang, H., Arnold, A.P., Ingram-Drake, L., Drake, T.A., and Lusis, 

A.J. (2006). Tissue-specific expression and regulation of sexually dimorphic genes in mice. Genome 

Res. 16, 995–1004. https://doi.org/10.1101/gr.5217506. 

Yu, G., Wang, L.-G., Han, Y., and He, Q.-Y. (2012). clusterProfiler: an R package for comparing 

biological themes among gene clusters. Omics: A Journal of Integrative Biology 16, 284–287. 

https://doi.org/10.1089/omi.2011.0118. 

Zhang, J., Zhou, C., Ma, J., Chen, L., Jiang, A., Zhu, L., Shuai, S., Wang, J., Li, M., and Li, X. 

(2013). Breed, sex and anatomical location-specific gene expression profiling of the porcine skeletal 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted August 1, 2022. ; https://doi.org/10.1101/2022.07.30.500160doi: bioRxiv preprint 

https://doi.org/10.1101/2022.07.30.500160
http://creativecommons.org/licenses/by-nc-nd/4.0/


muscles. BMC Genetics 14, 1–9. https://doi.org/10.1186/1471-2156-14-53. 

Zhang, J., Li, X., Zhou, Y., Cui, L., Li, J., Wu, C., Wan, Y., Li, J., and Wang, Y. (2017). The 

interaction of MC3R and MC4R with MRAP2, ACTH, α-MSH and AgRP in chickens. Journal of 

Endocrinology 234, 155–174. https://doi.org/10.1530/JOE-17-0131. 

Zhang, J., Lv, C., Mo, C., Liu, M., Wan, Y., Li, J., and Wang, Y. (2021). Single-Cell RNA Sequencing 

Analysis of Chicken Anterior Pituitary: A Bird’s-Eye View on Vertebrate Pituitary. Front. Physiol. 

12, 562817. https://doi.org/10.3389/fphys.2021.562817. 

 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted August 1, 2022. ; https://doi.org/10.1101/2022.07.30.500160doi: bioRxiv preprint 

https://doi.org/10.1101/2022.07.30.500160
http://creativecommons.org/licenses/by-nc-nd/4.0/

