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Summary

The objective of this study was to identify differentially expressed (DE) genes using RNA
sequencing technique, RNA-Seq, in hepatic tissue of Nelore cattle in order to better
understanding genetic and molecular mechanisms related to residual feed intake (RFI). For
this, we collected 24 liver samples, immediately after slaughtering, from animals
phenotypically divergent for RFI, to extract and sequencing RNA. All animals belonged to
the same contemporary group and were slaughtered in the same day. The analyses were
performed using Sicke, Tophat2, Cufflinks2, Cuffmerge e Cuffdiff2 programs. We found 53
DE genes, 34 with described functions, being 30 upregulated and 23 downregulated in the
down RFI group. Mechanisms mainly related to mitochondrial function, organ development,
olfactory development, transmembrane molecule transport and growth were found. These
findings may signal key avenues for understanding the molecular mechanisms related to feed
efficiency.
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Introduction

The efficient bovine production, potentially, will reduce environmental impact, as it leads to
reduced pasture area for cattle raisin and also minimizes environmental pollutants production,
such as manure and methane, increasing the sustainability of the system (Basarab, 2003).
Selection of animals for increasing feed efficiency can be used as a strategy to maximize beef
cattle production system profitability. In this sense, although there are a number of feed
efficiency index, residual feed intake (RFI) could be used to select animals without affecting
growth rates, body weight and carcass chemical composition (Bonilha et al., 2013).

By definition, RFI is the difference between the actual dry matter intake and the
amount of food that the animal should eat based on its weight gain and its average live
weight. It allows identifying and selecting more efficient animals, without concomitantly
selecting for increasing weight gain and adult weight (Koch et al., 1963). This is a trait
expensive and difficult to measure, since individual recording of feed intake is necessary.
Thus, it is not normally included in beef cattle selection indexes in Brazil. The understanding
of the genes expression mechanisms and metabolic pathways related to RFI provide an
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opportunity to better know the genetic regulation of this trait phenotype.
In this context, transcriptome analysis has been widely used in the identification of

differentially expressed genes (Fonseca et al., 2015, Tizioto et al., 2015). Thus, the objective
of this work is to identify genes differentially expressed in liver tissue of Nelore cattle, using
RNA sequencing technique (RNA-Seq), aiming to contribute to the understanding of genetic
and molecular mechanisms related to RFI.

Material and methods

Animals, tissue collection and total RNA extraction

The animals used in this study belong to a stabilized Nelore herd of 160 dams and eight sires,
which have been selected within herd (about 8 % of males and 60 % of females) since 1978,
see Mercadante et al. (2003) for details. Selection is based on individual yearling weight
measured during a performance test (males) and on 550 days weight for females raised on
pasture.

The RFI was estimated according to the model proposed by Koch et al., 1963. A total
of 24 males were selected based on RFI values (12 with high and 12 with low RFI). These
animals were slaughtered and samples of liver tissue were immediately collected and stored in
an RNAholder (BioAgency, São Paulo, Brazil) at -80 º C, until RNA extraction.

Total RNA was extracted using the RNeasy Lipid Tissue Mini Kit (Qiagen, Valencia,
CA, USA) according to manufacturer instructions. Total RNA quality was tested in an
Agilent 2100 Bioanalyzer (Agilent, Santa Clara, CA, USA, 2009).

RNA sequencing and analysis

Sequencing (RNA-Seq) was performed on an Illumina HiSeq 2500 System. Messenger RNA
was obtained from the total RNA extracted and libraries containing 200 bp fragments were
constructed and pooled to perform multiplexing sequencing. The reads obtained were paired-
end of 2 × 100 bp.

The low quality fragments (reads) were filtered with Sickle program
(github.com/najoshi/sickle). TopHat2 v2.0.9 (Trapnell et al., 2009) was used for mapping the
fragments. The assembly and normalization of the aligned fragments from each sample were
performed with the Cufflinks2 v2.1.1 program (Trapnell et al., 2012) and Cuffdiff2 v2.1.1
(Trapnell et al., 2013) was used for analyzing the differentially expressed (DE) genes.
Enrichment analysis was done with DAVID v6.7 (https://david.ncifcrf.gov/).

Results and discussion

With the TopHat2 program we have identified a total of 660 million reads (2x100 bp) and the
sequencing coverage was 44 X (coverage for all transcripts of all samples). An average of
almost 27 million reads were obtained per sample and 90.6% of the reads were mapped.

We found transcripts for 29,904 genes and 80,745 potential new isoforms. A total of
53 genes were differentially expressed (q-value < 0.05) between the high and low RFI groups.
Thirty-four of these genes have a known function. The log2 signal (fold change) was used to
partition the DE genes into up- and down-regulated groups. In this analysis, 30 genes were
found to be up-regulated and 23 were down-regulated in relation to the low RFI group.

The analysis using DAVID v6.7 allowed the identification of eight functional groups
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(“Annotation clusters”). These genes were classified according to their function as: regulation
of growth (GO:0040008), catalytic activity (GO:0003824), phosphorylation (GO:0016310),
regulation of protein phosphorylation (GO:0001932), protein phosphorylation (GO:0006468),
and others.

Enrichment analysis revealed that the CPM, F13A1, CCL8, IFI30, CPD genes have a
function related to the catalytic activity and were all expressed more in the low RFI group
(more efficient animals). The catalytic activity is related to the transport of molecules by the
cell membrane. The genes SYT4, MT1A, SFRP2 (GO: 0040008) are related to growth
regulation, and as the genes related to catalytic activity, also have action on the transport of
molecules and the binding of metal ions; cell signaling and transport of calcium ions. These
cellular activities are vital for functions like nutrient absorption, digestion and growth. These
functions have already been related to feed efficiency in Nelore cattle (Tizioto et al, 2015).

The CCL8 and SFPA1 genes are related to G protein-coupled receptors, which have
different cellular functions as adrenocorticotrophic hormone (ACTH), thyroid stimulating
(TSH), TSH releasing hormone receptors (TRH), Follicle-stimulating hormone (FSH),
luteinizing (LH) and vasopressin V2, including growth hormone-releasing hormone (GHRH),
besides performing functions related to body weight and adipogenesis (Hauache, 2001),
which may be related to feed efficiency and RFI.

Genes related to bone morphogenesis and development of the digestive tract (SFRP2),
proteolysis (CPD, CPM, SFRP2, SRGN and WFDC2) and organ development (SFRP2,
SRGN), all up regulated in more efficient animals, were also found. Bonilha et al, (2013),
studding Nelore cattle, reported that the most efficient animals presented smaller organ, such
as kidney, compared to less efficient animals.

The ASCL1 gene is related to olfactory development and the protein translated by this
gene plays a role in the differentiation and generation of olfactory and autonomic neurons
(Baronti et al., 2017). Olivieri et al. (2016) also found regions related to olfactory function in
the GWAS study with Nelore cattle.

The CCL8 and LGALS3 transcripts are related to protein phosphorylation and the
mitochondrial outer membrane. Several studies in cattle, including with Nelore, have
indicated that mitochondrial function is a key mechanism for the feed efficiency of these
animals (Fonseca et al., 2015, Tizioto et al., 2015, Tizioto et al., 2016).

Conclusions

A study of the transcriptome of the hepatic tissue of Nelore cattle, extremes for residual feed
intake, was carried out and genes and pathways were found, mainly related to mitochondrial
function, organ development, olfactory development, transport of transmembrane molecules
and growth. These findings may signal key avenues for understanding the molecular
mechanisms related to feed efficiency.
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