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Summary

The aim of this study was to estimate genetic parameters and compare genetic values of
animals with traits related to body size, obtained by traditional BLUP and genomic BLUP
methods, utilizing relationship matrices based on pedigree or genomic information. Data from
4,041 animals from the Institute of Animal Science (Instituto de Zootecnia), Sertãozinho, SP,
were used. The genomic matrix was built by using PREGSF90 software with genomic data
from 173 animals. The heritability and repeatability coefficients as well as the genetic and
environmental correlations were similar to the ones found in the literature. The estimates of
genomic values as well as accuracy values were higher than those based on pedigree
information. The use of genomic matrix in the evaluation of animal performance yields more
extreme genetic values with higher accuracies, and greater genetic parameters, suggesting the
importance of the correct identification of the best breeders more safely.
Keywords: beef cattle, heritability, repeatability, genomic relationship.

Introduction

Promoting the increase of adult body size without the due questioning (increased
breeding herd feed requirements) may result in expressive increase of the production cost.
The adult body size traits are mainly the weight (AW), rump height (RH) and body condition
score (BCS). Mercadante et al. (2004), analyzing different models to estimate genetic
parameters of adult weight, concluded that accounting for the cow weight at the beginning of
the breeding season and the repeatability model yielded the best estimates of genetic
parameters. The traits of rump height and body condition are easily measured, and presented
heritability estimates are ranging from moderate to high (Filho et al., 2009).

The advance of molecular techniques and genomic evaluation models allowed the
inclusion of information on molecular markers, SNPs (Single Nucleotide Polymorphism), in
the evaluations, thereby increasing the accuracy of predictions (Caetano, 2009), besides
identifying genome regions which are associated to the characteristics that are interesting for
breeding.

Body size is defined by a larger number of quantitative trait loci (QTL) and associating
the genomic information to the phenotypic performances makes it possible to estimate the
genomic values of the animals. This study aimed to estimate genetic parameters and compare
genetic values of animals with traits related to body size, obtained by traditional BLUP and
genomic BLUP methods, utilizing relationship matrices based on pedigree or genomic
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information, respectively.

Material and methods

Data from 4,041 animals from a Gir cattle herd, selected for growth after weaning, were
analyzed. The herd belongs to a breeding program of Zebu breeds from the project of the
Sertãozinho Experimental Station of Animal Science (Centro APTA Bovinos de Corte -
Sertãozinho), a research unit of the Animal Science Institute (Instituto de Zootecnia), SP,
Secretary of Agriculture of São Paulo State.

The database had identification information on the animal, father, mother, birthdate,
date of breeding season, data of measurements, adult weight, rump height and body condition
score obtained at the beginning of the breeding season ranging from 1977 to 2012, totaling
8,157 observations. The database with genomic information was made available by a
FAPESP project (registration number 2015/06686-7).

A file was generating with the observations obtained at the beginning of the breeding
season based on the adult weight, including repeated measurements and the records of cows
older than 2 years.

Table 1. Data file structure of the Gir cattle population, selected for growth after weaning

Number
of

animals

Number
of

Records

Average and AW
standard-deviation(kg)

Average and RH
standard-deviation

(cm)

Mode
for
BCS

PEM_R 604 8,157 383.8 ± 57.8 103.2 ± 55.8 8
AW: adult weight; RH: rump height; BCS: body condition score.

The estimation of variance components was done utilizing the methodology of
restricted maximum likelihood by using AIREMFL90 software (Misztal et al., 2002). The
predictions based on the pedigree relationship matrix (PED) and the genomic relationship
matrix (GPED) were obtained by PREGSF90 software (Aguilar et al., 2014). The genetic
parameters were estimated by multivariate analyses of traits.

The genomic matrix was built utilizing PREGSF90 software (Aguilar et al, 2014), the
genomic data were from 173 animals, among bulls, adults and young animals, including
animals from the sixth up to the first generation. The number of evaluated SNPs of genotyped
animals was 418,086 after the application of genotype quality control criteria with SNP
quality parameters considering MAF (minor allelic frequency) < 0.02 and call rate < 0.1, and
call rate < 0.90 for the sample.

The following effects were included in the model: fixed effects of the breeding entry
year (i=1977, ..., 2013), reproductive state (i=0: empty cows, 1: pregnant cows) and age class
at breeding (i=2, ..., ≥13 years old). Random effects included a direct genetic effect and an
animal permanent environmental effect.

Spearman’s rank correlation among the genetic value of all animals in the pedigree as
well as the 20 greatest and 20 smallest genetic values were obtained for the studied traits
through PED and GPED relationship matrix, utilizing CORR procedure of SAS software
(SAS, 2011).

Results and discussion
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The heritability coefficients for Angus cattle, estimated by Choy et al. (2002) utilizing
the repeatability model ranged from 0.40±0.09 to 0.54±0.11 for AW, 0.62±0.08 to 0.65±0.08
for RH, 0.11±0.04 for BCS, and the repeatability values were 0.80±0.03, 0.81±0.03 and
0.38±0.04, respectively. Boligon et al. (2014) obtained heritability and repeatability
coefficients for AW ranging from 0.29±0.04 to 0.46±0.04 and 0.59 to 0.72, respectively, in a
study carried out with Nellore cattle in bivariate analyses. Arango et al. (2002) reported
heritability values of 0.49, 0.68 and 0.16 for AW, RH and BCS in univariate analyses.
Therefore, the estimated genetic parameters, obtained in the analyses of this study, is similar
to the ones found in the literature (Table 2).

Table 2. Genetic parameters and standard errors obtained with pedigree relationship matrix
(PED) and genomic one (GPED) of Gir cattle selected for growth after weaning.

h² t rg
AW RH BCS AW RH BCS AW_RH AW_BCS RH_BCS

PED 0.28 0.54 0.07 0.43 0.70 0.13 0.71 0.51 -0.02
±0.02 ±0.02 ±0.01 ±0.01 ±0.01 ±0.01 ±0.02 ±0.04 ±0.05

GPED 0.29 0.54 0.07 0.43 0.70 0.13 0.71 0.50 -0.03
±0.01 ±0.01 ±0.01 ±0.01 ±0.01 ±0.01 ±0.02 ±0.03 ±0.03

AW, adult weight; RH, rump height; BCS, body condition score; h², heritability coefficient; t, repeatability
coefficient; AW_RH, genetic correlation between adult weight and rump height; AW_BCS, genetic correlation
between adult weight and body condition score; RH_BCS, genetic correlation between genetic correlation
between and body condition score.

The genetic correlation values (rg) between the traits presented similar values to the
ones obtained in the literature (Table 2). The estimates obtained by Mercadante et al. (2006)
for rg between RH and BCS was -0.15±0.10, and for AW and BCS, 0.37±0.09. Arango et al.
(2002) also reported similar values, 0.43. 0.80 and -0.04 for rg between AW and BCS, AW
and RH, and RH and BCS, respectively. The low rg between RH and BCS is in accordance
with the literature because the height and the body condition score are independent.

Few studies have estimated the heritability and repeatability values using a genomic
relationship matrix for traits similar to this study. However, Ryu & Lee (2014) described
heritability estimates of Bos taurus coreane growth traits by using genomic relationship
matrix and they were greater than the same estimates with pedigree relationship matrix. The
results obtained in this study did not present differences in the estimates of genetic parameters
utilizing a pedigree or genomic matrix, which suggests that, due to the fact that it is a closed
herd with great relationship between the animals, the application of the repeatability model
with little utilization of bulls and the use of genomic matrix does not add further information
to the genetic parameter estimates.

The genomic values have more extreme values, and their accuracies are higher.
Genomic estimates are subject to factors such as the existence of linkage disequilibrium (LD)
between SNPs, an essential supposition to predict the genetic merit of animals (Meuwissen et
al., 2001). The average obtained LD was 0.32, which is considered sufficiently great to
perform genomic predictions (Neves et al., 2014). Another factor is the use of the genomic
matrix which provides greater relationship between the animals, allowing this increase.

The values obtained in this study were important and satisfactory, utilizing a high
density panel of data with high LD level which indicates greater confidence in the estimation
of the genetic values. A greater difference could have been obtained in the predictions if
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there had been a greater number of genotyped animals, as described by (Bolormaa et al.,
2013). The use of genomic matrix in the evaluation of animal performance yields more
extreme genetic values with higher accuracies, and greater genetic parameters, suggesting that
there is an important contribution in the correct identification of the best breeders more
safely.

Table 3. Average and Spearman’s correlation coefficient (R) of genetic values (GV) and
accuracies utilizing pedigree relationship matrix (PED) and genomic one (GPED)
of Gir cattle selected for growth.

n GV _PED GV _GPED R AC_PED AC_GPED

AW

A 4,041 11.6±19.3 15.2±26.2 0.97 0.72 0.84
20+GV 20 60.6±53.8 80.1±11.3 0.83 0.72 0.83
20- GV 20 -33.0±7.2 -44.1±13.1 0.78 0.59 0.70

RH

A 4,041 0.6±2.2 0.9±2.7 0.98 0.76 0.84
20+ GV 20 6.9±0.9 8.6±1.0 0.76 0.79 0.87
20- GV 20 -4.6±0.9 -5.2±1.2 0.76 0.60 0.68

BCS

A 4,041 0.1±0.1 0.1±0.3 0.94 0.61 0.81
20+ GV 20 0.4±0.1 0.8±0.1 0.75 0.53 0.75
20- GV 20 -0.3±0.1 -0.6±0.2 0.74 0.41 0.61
n, number of animals; A, analysis considering all available animals in the pedigree; 20+VG, analysis
considering 20 animals with the greatest GV; 20-GV, analysis considering 20 animals with smallest GV; AW,
adult weight; RH, rump height; BSC, body condition score.
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