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Abstract — Weight measurements and visual
evaluations of conformation, precocity and
muscling (CPM) are routinely employed in beef
cattle selection for carcass yield in Brazil. These
traits are inexpensive and effortless to measure,
and present moderate heritability. The present
study aimed at mapping loci associated with
weight and CPM traits in Brazilian Nellore cattle.
Seven hundred eighty eight animals had estimated
breeding values available for the following traits:
birth weight (BW), pre-weaning gain (WG), post-
weaning gain (PWG), conformation at weaning
(CW), conformation at yearling (CY), precocity at
weaning (PW), precocity at yearling (PY),
muscling at weaning (MW), and muscling at
yearling (MY). The same animals were genotyped
with the INlumina® BovineHD BeadChip assay.
Both single and multi-trait association analyses
highlighted the PLAGI chromosome region as a
key regulator of traits that are predictive of
carcass weight.

L INTRODUCTION

Carcass traits are of paramount economic
importance in beef cattle. In Brazil, the carcass
retail price is essentially determined by its
weight. Variation in growth rate and weight
gain is partially explained by genetic
differences among animals, making selection
and breeding important factors in the
competitiveness of beef cattle production in
the country (1).

Carcasses with higher dressing percentage can
improve producers’ revenues as their
remuneration is based directly on carcass
weight. Moreover, carcasses with higher yield
of commercial cuts decrease fabrication costs
per unit of product in packing plants. Weight
measurements, as well as visual scores of
conformation, precocity and muscling (CPM)

are routinely employed in beef cattle selection
for carcass yield in Brazil. These traits are
inexpensive and effortless to measure, and
present moderate heritability (2). The
inclusion of visual evaluation by scores or
grades in breeding programs is presented as an
alternative for improving meat yield and
associated carcass traits, as well as precocity
of carcass finishing (3).

As per the heritability estimates, Boligon et al.
(4) found: 0.16 = 0.02 (conformation at
weaning - CW); 0.20 = 0.02 (precocity at
weaning - PW); 0.19 £ 0.02 (muscling at
weaning - MW); 0.24 + 0.02 (conformation at
yearling - CY); 0.31 + 0.02 (precocity at
yearling - PY); 0.32 £ 0.02 (muscling at
yearling - MY) and 0.46 + 0.04 (mature
weight - MW).

Therefore, this study aimed at mapping
chromosome segments affecting weight and
CPM traits in Brazilian Nellore cattle.

IL MATERIALS AND METHODS
Genotypes and phenotypes

A previously reported dataset of 788
influential Nellore sires genotyped with the
Ilumina® BovineHD BeadChip assay (5, 6, 7)
was used in the present study. These animals
had phenotypic data available for the
following traits: birth weight (BW), pre-
weaning gain (WG), post-weaning gain
(PWG), conformation at weaning (CW),
conformation at yearling (CY), precocity at
weaning (PW), precocity at yearling (PY),
muscling at weaning (MW), and muscling at
yearling (MY). Estimated breeding values for
these traits were obtained from routine genetic
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evaluations using performance and pedigree
data from the Alianca Nelore database (8).

Genotyping and data filtering

Only autosomal markers satisfying the
following inclusion criteria were used in the
downstream analyses: 1) minor allele
frequency (MAF) greater than 0.02, 2)
Fisher’s exact test p-value for Hardy-
Weinberg Equilibrium greater than 1 x 107
and 3) call rate of at least 0.98. All genotyped
samples presented call rate greater than 0.9,
thus no threshold was applied to filter
individuals by this criterion. These procedures,
as well as others described later, were
performed using customized functions and the
base and the GenABEL v1.8 (9) packages in R
v3.0.1 (10).

Single-trait association analysis

We adapted a mixed model approach, namely
Fast Association Score Test-based Analysis
(FASTA) (11), to test each SNP for
associations. The same single-trait model was
applied across traits: y ~ mean + SNP + animal
+ error. The animal and error terms were
modeled as random effects, whereas markers
were fitted as fixed effects. Variance
components were estimated by restricted
maximum likelihood, and marker effects and
test statistics obtained via generalized least
squares. The heterogeneity of variance in
dEBVs was controlled by using linear
transformations of the design matrices rotated
on a weight matrix.

Multi-trait association analysis

Three different approaches were applied in
order to identify putative markers affecting
multiple CPM and weight traits. The first
method was originally described by Bolormaa
et al. (12), and consists in the computation, for

each SNP i, of the test statistic ti'C_lti,
where f; is a j x 1 vector of signed t-values

across k traits, and C is the j x J

correlation matrix of t-values across all m
SNPs. Under the null hypothesis, this test

statistic is distributed as y* with k degrees of
freedom.

The second approach consisted in the meta-
analysis of P-values under the framework of
the widely known Stouffer method (13). The
rationale of this analysis is: for any given trait,
SNP p-values are uniformly distributed in the
interval between 0 and 1 under the hypothesis
of no association. This distributional property
allows for the use of the inverse Gaussian
density to produce Z-scores for each
combination of SNP i and trait j as
-1 .
Z,=¢ (1—p;,), where p, is the p-value.
These Z-transformed p-values can then be
averaged and standardized to produce a multi-
trait test statistic:
j=1Z4
vk + 2C

where C is the sum of all pairwise Pearson’s
product-moment correlations between traits
computed from the vectors of Z-scores. Under
the hypothesis of no association, the combined
scores are distributed as N(0,1), and joint p-
values can be computed from the normal
cumulative density function.

The last approach was based on an
eigendecomposition of the phenotypic
covariance matrix. Let ¥ be the n x k matrix
containing n observations for k traits. Prior
to any analysis, each column of Y is rotated
on its respective weight matrix in order to
account for the heterogeneity of variance
among observations. Then, the columns of Y
are centered and scaled by their respective
mean and standard deviation. The covariance
matrix is then computed as > =YY', and a
singular value decomposition is applied as
> =UDU'. As the first column of the matrix

of eigenvectors U contains the orthogonal
variable that explains the largest proportion of
the phenotypic variance across all traits, this
synthetic variable was used as a pseudo-
phenotype in a single-trait Genome-Wide
Association (GWA) analysis, as described
before.

False discovery rate

The expected number of false discoveries
among the SNPs declared significant was
calculated as: FDR=cam/s, where mis the
number of markers being tested, o is the
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analyses, indicating that no important
confounding effects were neglected. The
Stouffer method presented the lowest FDR
across all multi-trait approaches (6.4%).

significance level, and s is the number of
markers with p<a . We adopted a

significance threshold of & =1 x 10™.

1. RESULTS AND DISCUSSION ] )
Figure 1 shows the Manhattan plot portraying

genome-wide -logo(p-values) for the meta-
analysis of estimated breeding values for all
nine traits analyzed.

Association analysis

After data filtering, a total of 500,263 SNPs
were included in the association analyses.
Inflation was close to 1 for all single-trait
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Fig 1. Manhattan plot of genome-wide -log10(p-values) for the meta-analysis of estimated breeding values for
birth weight, weaning gain, post-weaning gain, conformation at weaning, conformation at yearling, precocity at
weaning, precocity at yearling, muscling at weaning and muscling at yearling. The horizontal solid line
represents the significance level adopted (o= 1x10™, FDR = 6.4%)

14 QTL is pleiotropic, i.e., affects several
growth and reproductive traits. Here, we

The strongest association signal detected was
found on chromosome 14, mapping to the
chromosome domain encompassing PLAGI.

present evidence that the PLAGI domain also
affects multiple traits that correlate with
carcass yield in Nellore cattle.

This genomic region has been previously
described to be associated with stature, weight V.
gain and insulin-like growth factor I (Igfl)
levels in cattle (14).

CONCLUSION

The results presented here support the genomic
region harboring PLAG! as a key regulator of
traits that are predictive of carcass weight. The
investigation of the interplay between PLAGI
and Igfl, as well as associations between this
QTL and direct carcass measurements, is needed
reported in Japanese black (15). As described in order to dissect the genetic component
by Fortes et al. (16), the work carried out with explaining differences in meat yield in Nellore
Tropical Composite and Brahman cattle was cattle.

the first to establish the association between
this QTL and Igfl levels. Subsequently, the
PILAGI region was demonstrated to be
associated with birth weight and scrotal
circumference in Nellore cattle (5,6).

This  quantitative  trait locus (QTL)
surrounding the transcription factor PLAGI
was first associated with height and weight in
Holstein-Jersey crosses (14), being also
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