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

A. All clustered network graph B. Clustered network in adrenal gland

@rLrr1 QL @CHcA

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, MATIA, PAH, GPT2, and ALDOB)
and tryptophan metabolism (MAOA4, HAAO, KMO, ALDH8A1, KYNU, TDO2, EHHADH, IDO2,
CAT, and KYATT). 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, CYP21Al, HSD3BI1, HSPDI, LSS, DHCR7, DHCR24, and
SOATI. Genes in this cluster were enriched for KEGG pathways including “steroid biosynthesis”
(p = 1.91 x 10"'"), “aldosterone synthesis and secretion” (p = 7.10 x 10°), and “cortisol synthesis

and secretion” (p = 1.46 x 107°) (Figure 4B).
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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 CYP11A41 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 CYPII/AI in domestic chickens is also significantly different from that of
mammals. The CYPI1A41 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 CYP1IA1
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.
CYPI11A1 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 Iss 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 (Lagerstrom 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 SA). 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.
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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, HTRIB, GPR78, CCKBR, NPFFRI1, 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 SC, which contains DRD4, OPN5,
OPNILW, RHO, DRDI, DRDS5, GPR153, ADORPA2B, MTNRIA, 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 SD) includes GPRI49, GHRHR, AVPRIB, 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,
NPBWR?2 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, Gpri49 was highly expressed in the ovary and also in the brain, and Gpr49 knockout
mice displayed increased fertility and enhanced ovulation (Edson et al., 2010; Karlsson et al., 2022).
Considering the specific high expression of GPRI/49 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, MCHRI, TACR3, TASIR3,
NMBR, and TAARS5 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.


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

bioRxiv preprint doi: https://doi.org/10.1101/2022.07.30.500160; this version posted August 1, 2022. The copyright holder for this preprint
(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
made available under aCC-BY-NC-ND 4.0 International license.

Male vs Female c _Q_orlads Mvs F

justed p-value
justed p-value

~log10 adj
~log10 adj

y : T = £ o I}
log2 fold change log2 fold change

Female Male

D Pineal_body M vs F E Pituitary M vs F F Liver M vs F

wocgrioseer

~log10 adjusted p-value

~log10 adjusted p-value
~log10 adjusted p-value

7
log2 fold change

T 0 )
log2 fold change log2 fold change

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, STSSIA3L, SPINIL, UBAP2, UBE2R2L, HINTW, HNRNPKL,
ATP5FIAW, ACTRIOL, THEM4, MTTPL, MHCY15, ZP1, YLECS, and YLECI3, and the top 15
male-biased DEGs are ZNF226L, CCLI7, CCDC152, HCK, ZNFYI1, OZFL, HISTIH2BS8, 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 (Backstrom et al., 2005). In agreement with previous studies, ZP/ 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 PMM? 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 PMM?2 has been associated with
virus infection of chicken embryo fibroblast cell cultures (Maslikowski et al., 2010). We also found
that male chickens exhibited significantly higher levels of autophagy related 10 (47G10) 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 LOCI121107016, LOCI21107017, LOCI112533599, CPLXI, RLN3, GRP,
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HPGDS, HEXB, SPARCLI in female, and HSPAS5, PLK2, CSRP2, CCDC80, LOCI112532140,
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 (CPLXI, 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 CPLXI 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. SPARCLI, 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).

Tissue Gene Expression Atlas of Lohmann layer by Wang Lab in Sichuan University
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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.
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