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Abstract — Preliminary genome-wide association
studies based on the incipient training population
of 239 Hereford steers were performed for hot
carcass weights (HCW), rib eye muscle at 11/12
rib by ultrasound (REA) and Warner-Bratzler
shear force (WBSF) after one week of ageing.
Genotyping information on 80k SNPs was
available. Approaches used for data analysis were;
a) BayesC, which considers the SNP population as
a mixture of a small number of SNPs involved in
this variability and a large number of neutral
markers; b) GBLUP (genomic BLUP) that
assumes that all SNPs may contribute to trait
variability. Important proportions of the total
variance were explained by the SNPs, suggesting
an important contribution of genomic information
at the time of predicting the genetic merits.
Evidences of SNPs linked to genes of major effects
on REA and WBSF were also found.
Methodologies differed on the proportion of
variance explained by markers WBSF, but were
similar for REA and HCW, in agreement with the
literature. The most significant SNPs tended to
agree between methods. Although increasing
training population is essential for more accurate
QTL findings and genomic value predictions, this
first study on carcass and meat quality traits using
high density of SNPs shows that genomic
information provides useful insight on the
underlying genetics of carcass and meat quality
traits.

L INTRODUCTION

There are traits that are economically important
for the beef industry, but inherently difficult or
expensive to measure. This is the case of carcass
and meat quality traits which have not been
routinely included in beef cattle genetic
evaluations systems [1].

Genomics provide new alternatives for the
genetic improvement of traits which are not cost
effective to measure on an industry-wide basis.
Recent developments in DNA technology and
genome sequencing led to the detection of
thousands of single nucleotide polymorphisms
(SNPs) making possible a very dense coverage
of the genome, at affordable genotyping costs
[2]. Dense arrays of SNP are commercially

available for cattle, as well as other relevant
species [3].

These data made feasible the implementation of
genomic selection, which is a form of marker-
assisted selection in which all quantitative trait
loci (QTL) are in linkage disequilibrium (LD)
with at least one marker [4]. Genomic selection
increases genetic progress by higher accuracies
of genetic merit at younger ages, and facilitate
selection of economically relevant traits that are
difficult or expensive to measure.

Information provided by the high density SNP
chips enables not only the implementation of
genomic selection but also genome-wide
association studies (GWAS) that provide
valuable information for the identification of
QTLs with favorable effects on carcass and meat
quality. Different methodologies for GWAS
have been developed. For instances, GBLUP
(genomic BLUP) method assumed that all SNPs
may contribute to trait variability, while all other
methods considered the SNP population as a
mixture of a small number of SNPs involved in
this variability and a large number of neutral
SNPs [5].

Implementation of animal genomics faces
challenges such us developing training
population, as well as capabilities and expertise
on database design and data analysis and
interpretation. A training population for carcass
and meat quality in Hereford is being built based
on past and ongoing experiments with several
traits recorded and DNA samples available. This
study presents preliminary results on genome-
wide association studies of carcass and beef
quality.

IL MATERIALS AND METHODS

Animals and phenotypic data. Animals used in
this study were of two experiments that are
described in Table 1. In both experiments steers
were slaughter when they reached in average
500 kg of live weights. Data recorded included
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ultrasound measurements, and carcass and meat
quality traits. Three variables were analyzed
here: (1) rib eye area by ultrasound (REA),
which was measured the day before slaughter at
the 11/12 rib; hot carcass weights (HCW)
recorded automatically in the slaughter line, and
Warner-Bratzler shear force (WBSF) of the
longissimus dorsi et lumborum muscle samples
at the 10™ rib after 5 or 7 days of ageing.
Descriptive statistics are shown in Table 2.

Table 1 Experimental details

.. Experiments

Description A B
Nutrition after grazing and grazing and
weaning feedlot feedlot
Nutrition at grazing and
finishing feedlot feedlot

. High & average

Sires unknown REA EPD
Slaughter groups 3 4
Genotyped 137 102
animals

Table 2 Descriptive statistics for REA, HCW and

WBSF in Hereford steers
Trait N Mean Sd Max Min
REA (cm?)

ExpA 132 63.39 572 758 51.5
ExpB 101  64.98 6.24 825 52.6
Total 233 64.08 5.99 825 51.5

HCW (kg)

ExpA 137 25035 19.21 302.0 201.6
Exp B 102 25698 2423 3112 1932

Total 239 253.18 2170 3112 1932
WBSF (kg)

ExpA 137 337 1.09 946 178

ExpB 102 446 118 919 1.79

Total 239 384 125 946 1.78

DNA samples and genotyping data. DNA was
isolated from blood samples in the
Biotechnology Unit of INIA. The SNP marker
data were obtained from GeneSeek Genomic
Profiler Bovine HD (GGP-HD; Geneseek,
Lincoln, USA). Quality control criteria were call

rate per sample of 90% and SNP call rate of 90%.

Only autosomal markers were evaluated and
Map BTAU4.6 was used in this study.
Comparison of individual genomic information

identified four repeated samples that were also
excluded.

Data analysis. The potential of the genomic data
to discriminate population structure explained by
using high and average REA sires was evaluated
using Principal Component Analysis (PCA) and
the fixation index (Fst), which is a measure of
the genetic differentiation between groups of
progeny using the genomic information.

The subset of autosomal SNPs used in these
analysis were in moderate linkage disequilibrium
(12<0.4) and MAF>0.01. These criteria were
applied to identify informative molecular
markers for population structure analysis.

The approaches followed in this preliminary
genome-wide association study were GBLUP
and BayesC methods. Data analysis were
performed using BLUPF90 [6] modified for
genomic analyses [7], and GenSel software [8],
respectively. The GBLUP methodology is based
on the infinitesimal model, which assumes equal
variance for all SNP marker-QTL associated
effect. On the other hand, BayesC assumes that
many SNP have no effect on the trait because
they are not in LD with any of the mutations that
explain the variation in the traits. The parameter
7 is the proportion of SNP with no effect while
the rest (1 — m) have effects on the trait drawn
from a normal distribution [9]. In this study,
results with a  value of 1% are presented. QTL
mapping and variances explained by markers
were also estimated using both approaches.

IIL. RESULTS AND DISCUSSION

Only one sample had call rate <90% and was
therefore excluded from the analysis. A total of
70,967 SNPs presented a call rate higher than
90%. A total of 43,268 autosomal SNPs
achieved the criterion to study the population
structure by PCA and Fst. The PCA analysis did
not show a very clear patron of clusters for high
and average REA sire progeny (Figure 1). This
is in agreement with the Fst value which was
0.011, showing a low differentiation between the
two groups.

Clearer clustering and higher values of Fst are
expected after divergent selection lines as
showed by Grasso et al. (2014). In our study the
low differentiation may be explained by the fact
that although “divergent” sires were used the
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experiment did not imply divergent selection. In
addition, data came only from the first year of
experiment. Although the magnitude of the Fst
was low, it is comparable to those reported by
Bolorma et al. (2013) between composite breeds

and pure breed used in those composites.

-0,1 -0,05 0 0,05 0,1 0,15 0,2

Figure 1. First and second principal components
based on allele frequency. Each point represents
one animal. The red dots represent the average
REA group and the blue the high REA group

Results of GWAS for REA and WBSF are
shown in Figure 2 (a and b). Two important
peaks were found for REA and WBSF in
BTO7 at the position of the calpastatin gene.
Schenkel et al. (2006) reported significant
effects of this gene on both traits. Calpastatin
acts as an inhibitor of calpain activity, which
accelerate protein degradation, in the live
animal and postmortem [12], which may
explain its effect on both muscle development
and tenderness.

Calpain gene which also influences WBSF has
been mapped to BT29 in previous studies.
Although a second high peak was found at
BT29 (Figure 2b) in our study, the position did
not overlap with the reported position of the
gene. It is important to take into account that
the size of the training population is still small
which may reduce the precision of QTL

mapping.

Variance component estimates for the three
traits are presented in Table 3. Estimates of
total, genetic (explained by markers) and
residual variance are shown, as well as the
proportion of variance explained by SNPs
using BayesC and GBLUP. Markers explained
important proportions of the variance of REA
(0.30 and 0.32) and WBSF (0.25 and 0.43).

However, SNPs capture very low proportion
of the total variance in this data set for HCW.

Estimates of genomic variance for WBSF are
in agreement with those reported by Snelling
et al. (2013) for shear force measured 3 and 14
days after slaughter in several breeds.
However, Bolormaa et al. (2013) estimated
lower proportions for REA and WBSF with
GBLUP and Bayesian methods. Their results
also show differences between methods, with a
similar trend to our results (Table 3). The
lowest agreement between methods was found
in the traits in which genes of larger effect are
known such as tenderness (Bolormaa et al.,
2013).

a) REA

b) WBSF

Figure 2. Proportion of SNP variance explained by
10Mb window of adjacent SNPs obtained by
GBLUP analysis for (a) Rib eye area and (b)

Warner-Bratzler shear force

Iv. CONCLUSION

This first GWAS on carcass and meat quality
traits using high density of SNPs shows that
genomic information provides useful insight on
the underlying genetics of carcass and meat
quality traits. Important proportions of the total
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variance were explained by the SNPs, suggesting
an important contribution of  genomic
information at the time of predicting the genetic
merits. Evidences of SNPs linked to genes of
major effects on REA and WBSF were also
found. Methodologies differed on the proportion
of variance explained by markers WBSF, but
were similar for REA and HCW, in agreement
with the literature. The most significant SNPs
tended to agree between methods. Increasing
training population is essential for more accurate
QTL findings and genomic value predictions.

Table 3. Variance components and proportion of
variance explained by markers of REA, HCW and
WBSF using BayesC and GBLUP method

Variance/Method BayesC GPLUP
REA
Residual 24 23
Genetic 10 11
Total 34 34
Var a/c markers 0.300 0.320
HCW
Residual 450 451
Genetic 1 9
Total 451 460
Var a/c markers 0.003 0.020
WBSF
Residual 0.94 0.66
Genetic 0.30 0.49
Total 1.2 1.1
Var a/c markers 0.245 0.425
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