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Summary

The aim of this study was to identify, by single step genome wide association study
(ssGWAS), genomic regions that potentially have association with ribeye muscle area and
backfat thickness in Nellore cattle. Phenotypes were obtained according to standard USDA
Quality Grade (1999). Those animals were genotyped using the Illumina beadchip
BovineHD® (~777K SNP, 407 animals) array and the Illumina Bovine beadchip HD® GGPi
(~74K SNP, 502 animals), which was imputed for the HD using FImpute software, based on
another Nellore population genotyped for Illumina beadchip BovineHD® (777K). Analyses
were performed using a pedigree composed by 6,276 animals and, assuming contemporary
group (farm and slaughter batch) as fixed effect and age at slaughter as a covariate. Single
step analyses were realized by Blupf90 program considering windows of 10 markers (SNP) to
estimate their effects, this procedure enables the identification of regions associated with
ribeye area and backfat thickness along the chromosomes. After quality control (MAF
<0.05%, call rate <90%), 463.995 SNPs in autosomal chromosomes were used in the
association analyses. For ribeye area, 14 regions in 11 different chromosomes, that explained
more than 1% of the additive variance, were explored and some genes were identified in these
regions, as TWIST2, SFXN1, CMYA5, CPQ and MRS2. And for backfat thickness, 7 regions
in 3 different chromosomes, that also explained more than 1% of the additive variance were
explored and the observed in these regions were OR2S2, LOC100299372, LOC523083,
LOC532403, 5S_rRNA, LOC613441, SNORA69 and ITGA9. With ssGWAS method using
high density panel was possible to identify regions related to ribeye muscle area and backfat
thickness in Nellore beef cattle. Posteriorly, those genes and their pathways will be
investigated to evaluate their importance for meat quality traits.
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Introduction

Nellore (Bos indicus) is the main beef cattle breed in Brazil and is well adapted to
tropical regions. This breed deserves attention in the genetic breeding programs, with special
focus related to the improvement of its production and meat quality. Ribeye area and backfat
thickness are correlated with carcass quality and indicate edible meat yield in carcasses
(Ferraz et al., 2009), and are very important for cattle breeding. The selection for ribeye area
can influent growth traits (Duc Lu et al., 2013) and backfat thickness affects the preservation
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of the beef carcass after slaughter (Veneroni-Gouveia et al., 2011).
The livestock breeding programs seek to locate regions and genes that explain the

genetic variance additive of this characteristic to select animals that produce meat with more
quality. Some studies with the GWAS methodology, which take a larger approach in the
genome, report some markers associated with these traits (Kim et al., 2010 and Tizioto et al.,
2013). Therefore, the aim of this study was to identify chromosome regions associated with
meat ribeye area and backfat thickness using genome-wide association method that allows the
use of pedigree and genomic information.

Material and methods

Phenotypic data
The slaughtered animals were males, finished in feedlots by around 90 days. The meat

samples were collected. For the analysis were collected measures of the Longissimus thoracis
between the 12th and 13th rib from 908 animals at a commercial slaughterhouse, following
all recommended protocols for commercial slaughter and accepted under the Brazilian
legislation law.

Animal genotyping
A total of 908 Nellore steers were genotyped; 502 bulls with the Illumina GeneSeek

SNP Beadchips Bovine GGP-HDi (74K SNP) and 407 with Illumina BovineHD® (777K),
according to the manufacturer’s protocol. The animals genotyped with the 74K SNP chip
were imputed to the Illumina BovineHD® (777K) panel using FImpute software, based on
another Nellore population genotyped for Illumina beadchip BovineHD® (777K). For
imputation, SNPs with a p-value in the Hardy-Weinberg equilibrium z-test less than or equal
to 10−5 and SNPs with a MAF less than 0.0001 were not considered. The accuracy of
imputation was determined by cross validation for each animal in a parallel investigation
(method sent for scientific publication – personal communication: Ricardo Vieira Ventura),
and the concordance rate between the imputed and the real genotype was higher than 97.51%.
For GWAS analyzes the SNP quality control excluding SNPs of unknown genomic position
and those on the sexual chromosomes; monomorphic SNPs and SNPs with MAF (minor
allele frequency) less than 0.05; markers that presented Call rate less than 90%; markers with
heterozygous genotype excess. After quality control, 901 samples and 463,995 SNPs
remained for association analysis.

Association analysis
Genome wide association study were performed using a pedigree composed of 6,276

animals. Single step analyses were realized by Blupf90 program family considering windows
of 10 SNPs to estimate their effects. Contemporary groups (CGs) consisted of animals born
on the same herd and year, from the same management group as yearling, and the same set of
slaughter. CGs that contained less than three observations and observations that deviated 3
standard deviations from the mean of that group were eliminated. The model used for the
variance component estimation included a random additive direct genetic effect, a fixed effect
for CGs, and the animal’s slaughter age as a covariable (linear and quadratic effect). The
variances components and genetic parameters were estimated using the REMLF90 program
also of BlupF90 family (Miztal et al. 2002, Aguilar et al, 2011).
Gene prospecting

Gene within regions of interest were determined using Ensembl Genome Browser tool
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(http://www.ensembl.org/biomart/, Kinsella et al., 2011). For the search of the genes were
used as parameters exactly the intervals of the regions (Additional table) that contains the 10
markers. It was possible to make the identification of gene association analysis for ribeye
muscle area and backfat thickness, but not in all associated regions. With the PANTHER
classification system (http://pantherdb.org/geneListAnalysis.do), it was possible to describe
the gene ontology terms (GO) by molecular function for the majority of gene.

Results

The Table 1 contains the description of the data used in the association analysis.

Table 1. Description of phenotypic data.

Trait N1 Average CV%2 standard error Min3 Max4

Age at slaughter (days) 908 736.21 7.52 1.837 631 1021

Ribeye area (cm2)5 901 73.66 10.05 0.246 52 101

Backfat thickness (mm)6 899 4.70 45.29 0.071 1 15
1number of animals; 2coefficient of variation; 3minimum; 4máximo; 5square centimeters; 6millimeters.

For ribeye area, characteristic strongly linked to muscle growth and development, 14
associated genomic regions were obtained, explaining above 1% of the additive genetic
variance for the characteristic. These regions are distributed in 11 different chromosomes,
with five genes identified (additional table).

The genes identified in the regions are described in the Ensembl Genoma Browser, as
follows: Twist family bHLH transcription factor 2; sideroflexin 1; Bos taurus
cardiomyopathy-associated protein 5-like; carboxypeptidase Q e MRS2, magnesium
transporter. According to the GO (Gene Ontology) classification system for molecular
function, they are distributed in: 20% (1 gene) binding activity (GO: 0005488) and 40% (2
genes) with carrier activity (GO: 0005215). Some genes did not yet have attributes of
ontology terms (GO).

We observed that although several regions along the genome have an association, it is
important to verify that the region of chromosome 4 explained most of the additive genetic
variance, but no gene was observed in that region.

The association of the backfat thickness phenotypes, characteristic know by the
deposition and accumulation of lipids on the Longissimus thoracis muscle, resulted in seven
associated genomic regions, distributed along three different chromosomes (additional table).

It was possible to identify eight genes, some of them having little information about
their functions. The genes are described, according to the Ensembl Genome Browser, as
follows: integrin alpha-9 precursor; Small nucleolar RNA SNORA69, 5S ribosomal RNA and
five different olfactory receptor still uncharacterized. In terms of GO annotations for
molecular function, genes were classified as: 83.3% (5 genes) with receptor activity (GO:
0004872) and also 83.3% (5 genes) with signal transduction activity (GO: 0004872). It is
important to consider that in the classification of ontology terms more than one ontology term
can be attributed to the same gene. This is because genes can play different roles in biological
systems.

Among the chromosomes, numbers 8 and 22 presented the largest number of
associated regions, but chromosome 22 presented the region with the largest portion of the
explained genetic variance explained. On chromosome 8 it was possible to observe more



Proceedings of the World Congress on Genetics Applied to Livestock Production, 786

genes contained in the candidate regions, most of them related to olfactory activity

Conclusion

With ssGWAS method using high density panel was possible to identify regions
related to ribeye muscle area and backfat thickness in Nellore beef cattle. Posteriorly, those
genes and their pathways will be investigated to evaluate their importance for meat quality
traits.
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Additional table

Genomic region, percentage of genetic additive variance explained, Ensembl gene ID and
candidate genes associated with ribeye muscle area and backfat thicknes.
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Genomic region

% additive
genetic
variance
explained

Ensembl Gene ID Candidate
Gene

Ribeye
area

BTA2: 56866416 - 56877372 2.39 --- ---
BTA3: 118622623 - 118638999 1.66 ENSBTAG00000021444 TWIST2
BTA4: 32456670 - 32518049 9.84 --- ---
BTA7: 65346950 - 65379758 1.06 --- ---
BTA10: 5540505 - 5557246 2.32 ENSBTAG00000014536 SFXN1
BTA10: 10683746 - 10695569 2.51 ENSBTAG00000006823 CMYA5
BTA14: 69827335 - 69839646 1.97 ENSBTAG00000011908 CPQ
BTA15: 64834153 - 64873520 1.22 --- ---
BTA17: 11377287 - 11395698 2.71 --- ---
BTA23: 33069166 - 33082155 3.22 ENSBTAG00000004979 MRS2
BTA25: 32528741 - 32549582 4.94 --- ---
BTA28: 40536957 - 40574710 1.14 --- ---
BTA28: 40579464 - 40631347 3.67 --- ---
BTA28: 40666797 - 40702243 2.69 --- ---

Backfat
thickness

BTA6: 110970455 - 110982180 1.78 --- ---
BTA8: 60577659 - 60597692 1.47 --- ---
BTA8: 60631340 - 60663277 1.04 ENSBTAG00000032670 OR2S2

ENSBTAG00000047099
LOC100299

372
ENSBTAG00000038308 LOC523083
ENSBTAG00000039443 LOC532403
ENSBTAG00000036921 5S_rRNA

BTA8: 60673095 - 60694194 1.97 ENSBTAG00000038086 LOC613441
ENSBTAG00000043854 SNORA69

BTA22: 11003692 - 11011446 1.05 --- ---
BTA22: 11012868 - 11021777 1.43 --- ---
BTA22: 11039410 - 11063911 2.54 ENSBTAG00000016566 ITGA9


