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Summary 
  

Over the last decade, genome-wide association studies (GWAS) have reported that 
90% of the phenotype-associated loci fell outside protein-coding regions. Thus, these genetic 
variants may be explaining phenotypic variations due to gene regulation mechanisms. 

The objective of the present study was to discover genetic variants that could be 
modifying gene expression levels across duodenum, liver, and muscle transcriptomes through 
the regulation of specific genes. 

For that purpose, duodenum, liver, and muscle samples were collected at slaughter 
from 300 pigs of three different breeds (Duroc, Landrace, and Large White; n=100/per breed). 
DNA and RNA were paired-end (2×150bp) sequenced in an Illumina NovaSeq6000 platform 
and sequences were mapped against the reference genome assembly (Sscrofa11.1) with 
BWA-MEM and STAR aligners, respectively. A total of 25,315,878 genetic variants were 
obtained with GATK after keeping those with a call rate higher than 10% and a minor allele 
frequency greater than 5%. After quantifying RNA counts with RSEM and normalizing them, 
16,753 genes were kept in duodenum, 15,710 in liver, and 13,887 in muscle. Expression 
GWAS were carried out between the filtered polymorphisms and the expressed genes on each 
tissue, performing more than 1.17×1012 combinations with the fastGWA tool from GCTA. 
Bonferroni correction was applied per tissue, resulting in 19,926,590 significantly associated 
polymorphisms (adjusted p-value≤0.05) with 13,483 different genes. Out of these significant 
polymorphisms, 52.6% were cis-regulatory elements, i.e., located at less than 1Mb from the 
associated gene. Then, eQTL regions were defined by grouping the significant variants 
located at less than 2Mb between them. Thereafter, eQTL regions (46.2%) that consisted of 
only one single polymorphism were filtered out and 68,610 eQTL regions remained, 
including 7,288 cis-eQTL regions (10.6%). Considering exclusively the most significant 
polymorphisms of each eQTL region and those associated with more than 10 genes, 238 
hotspots were found in duodenum, 296 in liver, and 274 in muscle. Out of these hotspots, 
there were 33 cis-regulatory elements in duodenum, 14 in liver, and 25 in muscle. Some of the 
genes associated in cis with these variants were transcription factors and cofactors: CCAR2, 
GMEB2, SLC2A4RG, TERF2, ZGPAT, and ZNF512B in duodenum; CHD7, CHD8, and 
LHX6 in liver; and APEX1, and NME2 in muscle. Pathway analyses were conducted between 
each cis-associated gene and the rest of the genes associated in trans with the same variant. 
Notably, the CHD8 cis-polymorphism was associated with 25 genes involved in gene 
expression regulation, and a high expression of CHD8 in liver cancer has been associated with 



a worse prognosis in humans. In muscle, APEX1 plays a role in DNA repair and cellular 
response to oxidative stress, and it was associated with 49 genes involved in muscle structure 
development. 

In conclusion, our work has allowed the identification of genetic variants and 
candidate genes that will help to understand the molecular mechanisms behind gene 
regulation and their potential effect over end-trait phenotypes. 
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