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Expression QTL mapping using Nelore cattle muscle RNA-seq data
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Summary

The aim of this study was to map and characterize eQTL using RNA-seq and high-
density SNP array data in Nelore cattle to search for regulatory variants that underlie
variability in zebu gene expression. An enrichment analysis for the regulated genes was
performed to verify their participation in biological pathways that are involved in fatty
acid metabolism. After sample outlier removal and genotype quality control, 70
samples were suitable for further analysis with genotype data available for 247,161
SNPs. The eQTL mapping in Nelore muscle identified 3,074 putative cis-eQTL
involving 1,221 genes and 462 putative trans-eQTL involving 431 genes (FDR ≤ 5%).
Fifty-one cis-regulated genes and eight trans-regulated genes were found to be involved
in fatty acid metabolism which can provide a better insight into gene networks involved
in regulating fatty acid profiles.
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Introduction

The main challenge in most genomic studies is to understand the specific biological
effect of variants that affect economically important phenotypes. Genome-wide
association studies (GWAS) have identified many variants residing outside of coding
regions which are hypothesized to be involved in gene regulation (Cesar et al., 2014,
Lemos et al., 2016). Under these circumstances, expression quantitative trait locus
(eQTL) mapping has become an important tool for understanding the function of
polymorphisms that regulate gene expression, mainly using RNA-sequencing (RNA-
seq) technology (Ellis et al., 2013). eQTL mapping can provide insights into gene
networks, assist in elucidating the results of GWAS and provide a valuable framework
for the biological understanding of phenotypic variability (Albert & Kruglyak, 2015).

Molecular studies of gene regulation have characterized eQTLs based on their
physical distance from the regulated gene and the type of regulatory elements (Gilad et
al., 2008). Local eQTLs are located near the genes they influence and are generally said
to act in cis (cis-eQTL), affecting expression in an allele haplotype-specific manner.
Distant eQTLs are defined as loci located distant from the genes they influence,
frequently on different chromosomes, and are referred to as trans-eQTL, and affect the
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regulation of both alleles at the target gene (Albert & Kruglyak, 2015). The
characterization of eQTL is important to revealing the precise regulatory mechanisms
through which genetic polymorphisms affect gene expression. In this study, we mapped
and characterized eQTL using RNA-seq and high-density SNP array data in Nelore
cattle, searching for regulatory variants that underlie variability in zebu gene
expression. Moreover, we performed an enrichment analysis for the regulated genes to
verify their participation in biological pathways that are involved in fatty acid
metabolism.

Material and methods

Sample data were acquired from 80 Nelore bulls, belonging to the same contemporary
group and participating in the Nelore Qualitas breeding program. The animals were
slaughtered at an average age of 24 months in commercial slaughterhouses. Samples
from the longissimus thoracis muscle were harvested at slaughter and stored in an
RNAholder (BioAgency, São Paulo, Brazil) at -80 ºC. RNA and DNA were extracted
using the RNeasy Lipid Tissue Mini Kit (Qiagen, Valencia, CA, EUA) and DNeasy
Blood & Tissue Kit (Qiagen, GmbH, Hilden, Germany), respectively.

RNA sequencing was performed using an Illumina HiSeq 2500 System to
produce 2

 

×

 

100 base pair paired-end reads. To improve mapping specificity, reads were
trimmed to remove contaminated adaptor sequences using Trimmomatic 0.36 (Bolger et
al., 2014). STAR 2.5.3a (Dobin et al., 2013) was then used to map reads to the
reference genome with gene annotations (Ensembl Bos_taurus UMD3.1, version 89).
The total number of mapped reads per sample varied from 8.3 M to 46.9 M, with a
mean of 22.8 M (average of 94% uniquely mapped reads). Gene count data were
normalized using RESM 1.3.0 (Li & Dewey, 2011) as the number of fragments per
kilobase of transcript per million mapped reads (FPKM) in order to minimize biases
due to gene-length, GC content and sequencing depths. We considered only expressed
genes that had non-zero counts in more than 10% of all animals. The RNA-seq reads
were mapped to 15,868 Ensembl genes.

Principal component analysis (PCA) was performed using the R function
‘prcomp’ applied to the gene expression data, which detected eight potential outlier
samples that were removed from the analysis (Ellis et al., 2013). Genotyping was
performed using the Illumina BovineHD Infinium Assay® that contains 777,992 SNP
markers. Missing genotypes were imputed using FImpute software, v. 2.2 (Sargolzaei et
al., 2014). Genotype quality control required a call rate ≥ 90% per sample and for each
SNP, from autosomal SNP markers (735,293), we removed those with call rate ≤ 98%
(94,865), minor allele frequency ≤ 4% (186,963), Hardy-Weinberg equilibrium
threshold of P ≥ 10-5 (879) and squared correlation between SNP pairs (r2) ≥ 0.9
(205,425). After sample outlier removal and genotype filtering, 70 samples were
suitable for further analysis with genotypes available for 247,161 SNPs.

The genome-wide eQTL analyses were performed using the R package
‘MatrixEQTL’ (Shabalin et al., 2012) under an additive linear model and included
multiple-testing correction with a false discovery rate (FDR) of 5% (Benjamini &
Hochberg, 1995). We included age at slaughter, surrogate variable analysis (SVA) and
PCA covariates to account for confounding factors in the gene expression data. The
SVA was applied to the total number of reads class and date of sequencing using the
‘svaseq’ function implemented in the R package ‘sva’ (Leek et al., 2012). Local eQTL
(putative cis-eQTL) were identified when the significant SNPs were located within 1
Mb of the associated gene. Associations between SNPs and genes outside this window
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were considered distant eQTL (putative trans-eQTL).
All cis-eQTL and trans-eQTL were annotated using the Variant Effect Predictor

(VEP) Ensembl API (http://www.ensembl.org/info/docs/tools/vep/index.html). The
enriched pathways and functional gene clusters for the regulated genes were identified
using DAVID Bioinformatics Resources 6.8 (https://david.ncifcrf.gov/summary.jsp).

Results and discussion

The eQTL mapping of SNPs associated with variation in Nelore muscle tissue RNAs
identified 3,074 putative cis-eQTL in 1,221 genes and 462 putative trans-eQTL in 431
genes (7.69% and 1.64% of the total number of genes, respectively), at FDR ≤ 5%, on
all autosomal chromosomes (Figure 1), of the total 2,940,991 and 3,919,009,757 tests,
respectively. Of the cis-eQTL, 1,230 (40%), 1,070 (34.8%), 327 (10.6%), 351 (11.4%),
28 (0.9%), 3 (0.1%), 40 (1.3%), and 25 (0.8%) were intronic, intergenic, upstream,
downstream, 3’ untranslated, 5’ untranslated, synonymous, and non-synonymous
variants, respectively. The proportions of trans-eQTL that were intronic, intergenic,
upstream, downstream, 5’ untranslated, synonymous, and non-synonymous variants
were 129 (28%), 277 (60.1%), 29 (6.3%), 16 (3.4%), 1 (0.2%), 4 (0.8%), and 6 (1.2%),
respectively. Based on these findings, many SNPs in non-coding regions appear to be
regulatory variants and their identification may be crucial to the understanding of the
molecular mechanisms underlying economically important traits in Nelore cattle.

Figure 1. Unadjusted P-values for cis-eQTL (A) and trans-eQTL (B) in the Nelore
longissimus thoracis muscle transcriptome. Red line indicates significance at FDR 5%.

The smaller number of trans-eQTL than cis-eQTL could be due to the majority
of eQTL with large effects is actually cis-eQTL in this population. According to Gibson
& Weir (2005) and Petretto et al. (2006) trans-eQTL frequently have small effects
which limits their identification, particularly when significance levels are adjusted for
multiple testing, since the number of tests performed for trans-eQTL is much greater
than for cis-eQTL (Gibson & Weir, 2005, Petretto et al., 2006). In this study, the 5%
FDR threshold corresponded to an unadjusted P-value of 5.2 x 10-5 for the cis-eQTL
and 5.88 x 10-9 for trans-eQTL analyses. Other possible explanation is the small sample
size analyzed. The size of the mapping population influences the statistical power to
detect eQTL, especially the trans-acting variants (Gilad et al., 2008, Albert & Kruglyak,
2015).

http://www.ensembl.org/info/docs/tools/vep/index.html
https://david.ncifcrf.gov/summary.jsp
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There were 45 genes affected by both cis-acting and trans-acting variants, 454
genes with SNPs located within their introns that affect their own expression in cis and
17 SNPs that are both cis-acting and trans-acting variants. These eQTL may be
transcription factors which regulate target genes within important networks (Gilad et
al., 2008).

Fifty-one cis-regulated genes and eight trans-regulated genes participate in many
fatty acid (FA) metabolism pathways, such as PPAR signaling, FA elongation,
peroxisome, FA degradation, alpha-linolenic acid metabolism, biosynthesis of
unsaturated FA, AMPK signaling, regulation of lipolysis in adipocytes, linoleic acid
metabolism and FA biosynthesis. These findings suggest that many of the detected
eQTL regulate the expression of genes affecting the fatty acid profile of Nelore,
including polyunsaturated fatty acids that have beneficial effects for human health.
Further analysis to detect associations between these eQTL and fatty acid profiles will
be performed in order to dissect the genes and regulators responsible for trait variation.

Conclusion

Important putative regulators of gene expression in Nelore muscle tissue were
identified, and several of the regulated genes are involved in fatty acid metabolism.
These eQTL may provide insight into the gene networks regulating the fatty acid profile
of beef.
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