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Abstract: Functional Annotation of Animal Genomes 
(FAANG) has made significant progress on the im-
provement of the annotation of the functional elem-
ents, particularly non-coding regions in farm animal 
genomes. Different epigenomes including ChIP-seq 
for 4 histone marks, ATAC-seq, CTCF-seq, RNA-
seq, and Hi-C across different tissues were gener-
ated. Thousands of cis-regulatory elements including 
promoters and enhancers across different tissues in 
different species were identified and annotated. A 
comprehensive characterization and comparison of 
cis-regulatory elements across tissues and species can 
help us understand the genetic and evolutionary basis 
of complex phenotypes. We demonstrate that genomic 
variants associated with complex traits and adaptive 
evolution in farm animals are significantly enriched 
in active promoters and enhancers. Furthermore, we 
reveal distinct tissue-specific regulatory elements play 
important roles in domestication processes. Finally, we 
provide biological insights on tissue-specific regulatory 
conservation, and by integrating genome-wide associ-
ation studies on complex traits, we demonstrate that 
cis-regulatory elements annotation enhances our inter-
pretations of complex traits variations in farm animals.
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Abstract: Understanding genetic bases controlling 
complex traits of economic importance is funda-
mental to improve breeding programs. Recent efforts 
from FAANG consortium resulted in significant pro-
gress in the identification of regulatory regions in farm 
animals. However, most studies in cattle have focused 
on Bos taurus, and limited information is available for 
Bos indicus. Considering that Bos indicus is the pre-
dominant subspecies in tropical regions, the objective 
of this work was to identify regulatory variants asso-
ciated with meat quality by combining information 
from whole genome sequence (WGS), gene expres-
sion (RNA-seq), and open chromatin regions (ATAC-
seq). For genome wide association study (GWAS), an 
imputed panel of SNPs was obtained from WGS of 
26 sires, a Bovine HD 770K panel of 374 progenies, 
and SNPs called from RNA-seq data of Longissimus 
thoracis muscle (LT) of 192 progenies. The SNPs were 
identified using GATK4, and the dataset included al-
most 4.5 million variants that were pruned to 553,581 
tag-SNPs (PLINK, r2 = 0.8). ATAC-seq data was 
obtained from duplicated samples of LT collected 
from two animals. Phenotype data included back fat 
thickness (BFT), intramuscular fat (IMF), ribeye area 
(REA) and shear force (SF). Association of genotypes 
(553,581 SNPs) and gene expression (12,991 genes), 
performed in Matrix eQTL resulted in 36,916 cis-eQTL 
and 14,408 trans-eQTL (FDR < 0.05). For GWAS ana-
lysis of the eQTLs with phenotypic traits, we used a 
linear model in PLINK program (considering popula-
tion stratification, contemporary group and hot carcass 
weight). GWAS resulted in 24 eQTLs associated with 
IMF, three with BFT, 12 with REA, and eight with 
SF (FDR < 0.10). ATAC-seq analysis (using nfcore/
atacseq pipeline implemented in Nextflow) resulted in 
33,734 consensus peaks with a mean size of 2.4 kb. The 
overlap analyses among GWAS, eQTL, and ATAC-seq 
positions resulted in two, four and one putative regula-
tory regions that control gene expression and are asso-
ciated with BFT, IMF and SF, respectively. Functional 
studies are still necessary to establish if  identified mu-
tations are the causal mutation. In conclusion, inte-
gration of GWAS, RNAseq, and ATAC-Seq data can 
result in identification of regulatory mutations associ-
ated with phenotypes of economic importance.
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Abstract: Infection and disease negatively affect per-
formance, growth, and health in production animals 
and has major economic impacts on commercial poultry 
production. Regulatory elements control the expres-
sion of genes and consequently phenotype. Epigenetic 
modifications such as histone tail modifications and 
DNA methylation are not only key to the regulation of 
unique transcriptome patterns, these modifications are 
indispensable as genome annotators to uncover cell- 
and tissue-specific regulatory elements. The objectives 
of our current projects are to leverage transcriptomic 
and epigenomic methods to annotate transcripts, 
coding and noncoding, and cis-regulatory elements in 
the chicken genome, including promoters, enhancers 
and insulators. In addition, we are employing single-
cell sequencing to characterize new or rare cell popu-
lations in tissues relevant to production and investigate 
underlying mechanisms of disease resistance to patho-
gens. The transcriptome of a number of important 
cells and tissues has been analyzed, including immune, 
intestinal and reproductive. The animal procedure was 
approved and conducted according to guidelines estab-
lished by the Western University of Health Sciences, 
Pomona, California (WesternU) Institutional Animal 
Care and Use Committee. Cell and tissue collection, 
processing and bioinformatic analysis for transcrip-
tome studies were performed as described in Overbey 
et al. (2021; Frontiers Genetics). Single-cell studies 
were performed as described in Sparling et al. (2022; 
Journal of Immunology) using the 10x Genomics plat-
form. Results for the transcriptome studies show that 
in the immune cells, many DEGs were mostly involved 
in cellular processes relating to differentiation and cell 
metabolism as well as basic functions of immune cells 
such as cell adhesion and signal transduction. This was 
to be expected, as there was no explicit immunological 
stimulus involved. Nevertheless, it was notable that 
DEGs in the comparison between bursa and thymus 
that were upregulated in the thymus were related to T 
cell differentiation and maturation. On the other hand, 
genes differentially upregulated in B cell vs Bursa or 
Bursa vs Thymus, are mostly involved in B cell develop-
ment and differentiation, or activation. Genes differen-
tially regulated in B cells and monocytes are involved in 
specific functions of the cell types. In the intestinal tis-
sues, we were able to correlate most of the differential 

expressed genes to metabolic processes related to nu-
trient digestion and absorption. Several genes in the 
distal part of the intestine were particularly implicated 
in vitamin metabolism. Genes involved in energy me-
tabolism are also abundant in the cecum, which sug-
gests that microbial contribution of energy production 
in the intestine is especially important. Finally, single 
cell studies on the chicken shell gland are ongoing, but 
we found differences in cellular populations and gene 
expression dependent on the chicken haplotype pro-
filed and differences in expression of Ig-like receptors 
that need to be further explored.
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