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Summary

The aim of this study was to identify genomic regions associated with principal components
(PCs) for growth traits (weaning and post-weaning weight gain, and scrotal circumference) and
visual scores (conformation, precocity and muscling) in Nellore cattle by performing a genome-
wide association study (GWAS) on these PCs. Phenotypic and pedigree data from 355,524
animals and genotypes from 3,519 animals and 471,880 SNPs, were used. The estimated
breeding values were obtained from a multi-trait analysis using a mixed linear animal model.
The eigen decomposition of the additive genetic covariance matrix (A) was used to calculate the
estimated breeding values for the first three PCs, which explained 87.12% of the variation in A.
The PCs were used as pseudo-phenotypes in the GWAS analyses. The proportion of variance
explained by SNPs within non-overlapping consecutive 1 Mb windows was calculated. The first
PC showed positive coefficients for all analyzed traits, while the second PC contrasted the
animals with early or late biotype. The sum of the proportion of variances explained by the top
10 windows for the first three PCs were 3.08%, 3.05%, and 3.68% for PC1, PC2 and PC3,
respectively. The enrichment analysis contributed to unraveling biological interpretation of PCs
by identifying genes associated with growth, fatty acid metabolism and muscle development.
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Introduction

Principal component analysis (PCA) is used to extract the most important information from
multivariate data, expressed as a set of new orthogonal variables called principal components
(PCs). The PCs can have biological meaning associated with the traits of interest that are usually
not observed in the original data. This information can be of great relevance for breeding
programs and, therefore, genome-wide association studies (GWAS) could be performed to
identify genomic regions possibly associated with the PCs. Among the methods used for GWAS,
the weighted single-step GBLUP (wssGBLUP) proposed by Wang et al. (2012) has been
suggested as an efficient tool to detect quantitative trait loci (QTL). Subsequently, positional
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candidate genes may be sought in the identified region leading to better functional and biological
understanding of the PCs and how they might be used to increase the efficiency of breeding
programs of Nellore cattle.

Material and methods

Phenotypes and pedigree

Phenotypic and pedigree information from 355,524 animals born between 1990 and 2010 were
obtained from Alliance Nellore database (www.gensys.com.br). These animals were raised under
tropical conditions in 246 farms located in Brazil and Paraguay. The following traits were
considered: birth to weaning gain (BWG), and visual scores of conformation (WC), finishing
precocity (WP) and muscling (WM) at weaning, weaning to yearling weight gain (WYG), and
visual scores of conformation (YC), finishing precocity (YP) and muscling (YM), and scrotal
circumference (SC) at yearling.

Genotypes

A total of 3,382 Nellore animals were genotyped using the lllumina® BovineHD chip (HD,
~777,000 SNPs) and 137 animals were genotyped using the GeneSeek Genomic Profiler Bovine
HD chip (~76,000 SNPs). The GGP-HD genotypes were imputed to the HD genotypes. The
imputation accuracy was equal to 0.99. The genotyping quality control (QC) filtered out makers
located on non-autosomal regions, that mapped at the same position, had p-value for Hardy-
Weinberg equilibrium test less than 10-5, with GC score lower than 0.15, call rate lower than
0.95 and minor allele frequency less than 0.02. Samples with call rates less than 0.9 and
duplicate samples were also excluded. The remaining number of SNPs after QC was 471,880.

Statistical methods

A multi-trait analysis was performed using Wombat software (Meyer, 2007) to estimate
covariance components and to predict breeding values. The statistical model included the fixed
effect of contemporary group (CG) and covariates (age of the animal at recording and age of
dam at calving), random direct additive genetic and residual effects. In addition, for weaning
traits, maternal genetic and maternal permanent environmental effects were also included as
random effects. The CG for all traits included farm, year and season of birth, and sex. The
following effects were added to CG: management group at weaning and weaning date for BWG,
WC, WP, and WM; management group at yearling and yearling date for YC, YP, and YM;
weaning and yearling management group, and weaning and yearling date for WYG and SC. An
eigen decomposition of the estimated additive genetic covariance matrix was carried out and
used to calculate the estimated breeding values of the corresponding first three PCs.

The SNP effects were estimated using the wssGBLUP method, which was based on the
following animal model: , where is the vector of pseudo-phenotypes (estimated breeding values
for each of the first three PCs); μ is the overall mean; is an incidence matrix that relates animals
to pseudo-phenotypes; a is the vector of direct additive genetic effects and e is the vector of
random residuals. The SNP effect estimates () were obtained as a function of the predicted
breeding values, using the formula: , where: D is a diagonal matrix with weights for SNPs, Z is
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an incidence matrix of genotypes for each locus, Z’ is the transpose of Z matrix, and is the
vector of predicted breeding values of genotyped animals. The vector and the D matrix were
iteratively recomputed over two iterations as proposed by Wang et al. (2012). The proportion of
variance explained by SNPs within non-overlapping consecutive 1 Mb windows was evaluated
for the first three PCs. The top 10 windows, which explained the largest proportion of variance,
were further investigated for the possibility of harbouring QTL by searching the QTLdb
database using the UMD3.1 bovine genome assembly. Annotated genes located within these
windows were further inspected and used to investigate enriched biological pathways related to
the PCs.

Results and Discussion

The first three PCs were chosen from multi-trait analysis. These three PCs explained 87.12% of
the total variance of breeding values for the traits included in this study (Table 1). The third
component was included because its eigenvalue (0.96) was very close to the threshold of 1 used
by Kaiser’s criterion (Kaiser, 1960). PC1 has negative coefficients for all traits, contrasting
mainly animals with high or low growth. PC2 shows contrasting coefficients for weight gain,
and conformation in relation to finishing precocity and muscling both at weaning and yearling,
possibly characterizing animals with early or late biotype. PC3 differentiate the animals
according to their maturation rate (weaning versus yearling performance), possibly associated
with compensatory gain. The sum of the proportion of variances explained by the top 10
windows for the three PCs were 3.08%, 3.05% and 3.68% for PC1, PC2 and PC3, respectively
(Table 2). The window 120 of BTA3, 2 of BTA17, and 61 of BTA19 had the highest
proportion of variance estimated for PC1, PC2 and PC3, respectively. Specific windows
on BTA2, 3, 6, 8, 11, 13, 15, 17, 19, 20, 22, and 28 were previously reported by different authors
as containing QTLs for weight gain, carcass traits and fatty acid composition traits (highlighted
in bold). A total of 214 genes were identified as positional candidates for association with the
PCs. In general, these genes are related to muscle development, cell differentiation and fatty acid
production. For PC1, two genes associated with growth and body weight gain were detected.
The neuronal growth regulator 1 (NEGR1) gene was recently identified in beef cattle related to
feed efficiency traits, and has also been associated with feed intake and/or obesity traits in
humans and rats (Seabury et al., 2017). The protein encoded by hydroxysteroid 17-beta
dehydrogenase 4 (HSD17B4) gene is a bifunctional enzyme which is related in the peroxisomal
beta-oxidation pathway for fatty acids. For PC2, a group of olfactory receptors was identified
(OR6Q1, OR9Q2, OR5A1, OR4D6). For meat traits, these genes develop an important role in the
absorption of fatty acids in the duodenum and, therefore, could increase fat tissue accumulation.

Table 1. Eigenvalues (

𝜆

) and eigenvectors for the first three principal components (PCs).

PCs BWG WC WP WM WYG YC YP YM SC

𝜆

First -0.33 -0.25 -0.40 -0.38 -0.31 -0.29 -0.38 -0.31 -0.22 5.01
Second -0.38 -0.55 0.19 0.18 -0.16 -0.43 0.33 0.33 0.19 1.86
Third -0.17 -0.21 -0.27 -0.35 0.41 0.29 0.01 -0.05 0.68 0.97
BWG: birth to weaning gain; WC: weaning conformation; WP: weaning precocity; WM: weaning muscling;
WYG: weaning to yearling gain; YC: yearling conformation; YP: yearling precocity; YM: yearling muscling; SC:
scrotal circumference.
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Table 2. Top 10 windows explaining the highest proportion of variance associated with the first
three principal components (PC1 to PC3).

Rank
PC1 PC2 PC3

Chr_Win/Pvar nSNPs Chr_Win/Pvar nSNPs Chr_Win/Pvar nSNPs
1st 3_120/0.45* 237 17_2/0.52 154 19_61/0.40 234
2nd 26_4/0.34 142 17_74/0.39** 165 10_92/0.38 355
3rd 22_61/0.34* 257 8_60/0.30 199 13_76/0.38** 184

4th 9_105/0.32 182 18_21/0.29 226 20_11/0.35** 198

5th 3_75/0.30* 166 15_83/0.28** 267 18_48/0.34 193

6th 1_6/0.26 210 6_105/0.28** 257 9_15/0.33 187

7th 28_30/0.26** 162 8_88/0.28** 184 27_1/0.32 219

8th 7_35/0.26 191 17_13/0.24 261 8_9/0.32** 296

9th 2_20/0.26** 195 3_108/0.24 197 29_8/0.30 166

10th 11_7/0.26 261 8_27/0.24** 169 16_1/0.28** 150
Chr: chromosome; Win: 1Mb window within the chromosome; Pvar: variance explained by the SNPs within the
window; nSNPs = number of SNPs within the window. *Window with a previous described QTL for bovine
production traits; **Window with a previous described QTL for bovine meat and carcass traits.

Conclusions

Important genomic regions associated with principal components for growth traits and visual
scores in Nellore cattle were identified. Some of these regions are similar to those reported in
other investigations as associated with production, meat and carcass traits in other breeds. The
functional processes, pathways, and regulatory mechanisms identified in this study contributed
to a better biological interpretation of the principal components.

Acknowledgements

To CNPq (308636/2014-7) and FAPESP (#2009/16118-5; #2015/25449-6 and #2017/03331-9)
for financial support.

List of References

Kaiser, H.F., 1960. The application of electronic computers to factor analysis. Educ. Psychol.
Meas. 20:141–151.

Meyer, K., 2007. Multivariate analyses of carcass traits for Angus cattle fitting reduced rank and
factor analytic models. J. Anim. Breed. Genet. 124:50-63.

Seabury, C.M., D.L. Oldeschulte, M. Saatchi, J.E. Beever, J.E. Decker, Y.A. Halley, E.K.
Bhattarai, M. Molaei, H.C. Freetly, S.L. Hansen, H. Yampara-Iquise, K.A. Johnson,
M.S. Kerley, J. Kim, D.D. Loy, E. Marques, H.L. Neibergs, R.D. Schnabel, D.W.
Shike, M.L. Spangler, R.L. Weaber, D.J. Garrick & J.F. Taylor, 2017. Genome-wide
association study for feed efficiency and growth traits in U.S. beef cattle. BMC



Proceedings of the World Congress on Genetics Applied to Livestock Production, 11.545

Genomics. 18:386.
Wang, H., I. Misztal, I. Aguilar, A. Legarra & W.M. Muir, 2012. Genome-wide association

mapping including phenotypes from relatives without genotypes. Genet. Res. 94:73-83.


