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Genetic parameter estimates for carcass traits
and visual scores including or not genomic information!
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A. F. Braga Magalhaes,* F. L. Feitosa,* F. Baldi,* R. Carvalheiro,* H. Tonhati,*
H. N. de Oliveira,* L. A. L. Chardulot and L. G. de Albuquerque,*2-

*Faculdade de Ciéncias Agrarias e Veterinarias, Universidade Estadual Paulista, 14884-900, Jaboticabal (Sao Paulo), Brazil;
and TFaculdade de Medicina Veterinaria e Zootecnia, Universidade Estadual Paulista, 18618-970, Botucatu (Sao Paulo), Brazil

ABSTRACT: The objective of this study was to deter-
mine whether visual scores used as selection criteria in
Nellore breeding programs are effective indicators of
carcass traits measured after slaughter. Additionally,
this study evaluated the effect of different structures of
the relationship matrix (A and H) on the estimation of
genetic parameters and on the prediction accuracy of
breeding values. There were 13,524 animals for visual
scores of conformation (CS), finishing precocity (FP),
and muscling (MS) and 1,753, 1,747, and 1,564 for
LM area (LMA), backfat thickness (BF), and HCW,
respectively. Of these, 1,566 animals were genotyped
using a high-density panel containing 777,962 SNP.
Six analyses were performed using multitrait animal
models, each including the 3 visual scores and 1 car-
cass trait. For the visual scores, the model included
direct additive genetic and residual random effects
and the fixed effects of contemporary group (defined
by year of birth, management group at yearling, and
farm) and the linear effect of age of animal at year-
ling. The same model was used for the carcass traits,
replacing the effect of age of animal at yearling with
the linear effect of age of animal at slaughter. The vari-

ance and covariance components were estimated by
the REML method in analyses using the numerator
relationship matrix (A) or combining the genomic and
the numerator relationship matrices (H). The herita-
bility estimates for the visual scores obtained with the
2 methods were similar and of moderate magnitude
(0.23-0.34), indicating that these traits should response
to direct selection. The heritabilities for LMA, BF, and
HCW were 0.13, 0.07, and 0.17, respectively, using
matrix A and 0.29, 0.16, and 0.23, respectively, using
matrix H. The genetic correlations between the visual
scores and carcass traits were positive, and higher cor-
relations were generally obtained when matrix H was
used. Considering the difficulties and cost of measur-
ing carcass traits postmortem, visual scores of CS, FP,
and MS could be used as selection criteria to improve
HCW, BF, and LMA. The use of genomic informa-
tion permitted the detection of greater additive genetic
variability for LMA and BF. For HCW, the high mag-
nitude of the genetic correlations with visual scores
was probably sufficient to recover genetic variability.
The methods provided similar breeding value accura-
cies, especially for the visual scores.

Key words: beef cattle, fat thickness, genetic correlation,
heritability, longissimus muscle area, single nucleotide polymorphism
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INTRODUCTION

In Brazil, visual scoring systems are used for
the improvement of carcass traits in an attempt to
identify individuals that exhibit finishing precocity,
greater muscling, and better slaughter conformation.
These traits have the advantage that they can be eval-
uated relatively early during the animal’s life and
do not require submitting the animals to laborious
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measurements, rendering the process more agile and
cost effective (Koury Filho et al., 2010).

Visual scores have been associated with growth,
reproductive, and ultrasound-measured carcass traits
(Yokoo et al., 2009, 2015; Boligon et al., 2012).
However, few studies have investigated the relationship
between visual scores and traits measured postmortem.

Although carcass traits measured postmortem are
economically important, selection for these traits is still
rarely performed because they are difficult to measure and
depend on the slaughter of the animals and, consequently,
on progeny testing for the evaluation of sires, thus delay-
ing the selection process. In this respect, indirect selection
for these traits through traits commonly used in selection
programs, such as visual scores, may be an alternative.

In Brazil, large beef cattle herds are raised on pas-
ture and the use of multiple-sire mating is common.
As a result of this practice, the paternity of many off-
spring is unknown, a fact contributing to the “impov-
erishment” of the relationship matrix and, consequent-
ly, less accurate genetic parameter estimates.

In the single-step genomic BLUP (ssGBLUP)
method proposed by Misztal et al. (2009) and Legarra
et al. (2009), the traditional numerator relationship ma-
trix is corrected by the genomic matrix and animals
with phenotypes and known genotypes, as well as those
not genotyped, can be included in the analysis. The ap-
plication of the genomic matrix together with the tradi-
tional matrix to herds with high rates of unknown sires
may improve estimation of the relationships between
animals and, consequently, of genetic parameters.

The objectives of this study were to determine
whether visual scores used as selection criteria in
Nellore breeding programs are effective indicators of
carcass traits measured after slaughter and to evalu-
ate the effect of different structures of the relationship
matrix (A and H) on the estimation of genetic parame-
ters and on the prediction accuracy of breeding values.

MATERIAL AND METHODS

Animal Care and Use Committee approval was
not obtained for this study because the data were ob-
tained from an existing database.

Data and Definition of Traits

The data were obtained from noncastrated Nellore
males participating in 3 breeding programs (DeltaGen,
Paint CRV Lagoa, and Nelore Qualitas). The animals
were raised on pasture, and those destined for slaugh-
ter were finished in feedlots for about 90 d.

In the DeltaGen and Paint CRV Lagoa breeding
programs, the animals were evaluated for visual scores

of conformation (CS), finishing precocity (FP), and
muscling (MS) at weaning and yearling. The animals
were assessed by trained technicians according to the
following procedure: first, the whole contemporary
group (CG) is observed and the average profile of the
CG is determined for each trait, which serves as a base-
line. Scores ranging from 1 to 5 were then assigned to
the traits of CS, FP, and MS, with 5 corresponding to
the highest expression of the trait and 1 to the lowest
expression. Conformation is influenced by the size of
the animal (especially its length) and by the degree of
muscularity. Finishing precocity is evaluated by the
measurement of the ratio of rib depth to limb height and
by the evidence of fat deposition in the groin and tail of
the animal. In the case of MS, evidence of muscle mass
at sites such as the shoulder, forearm, loin, rump, and
rear is evaluated (Koury Filho et al., 2010). The visual
scores used in the present study were obtained at year-
ling when the animals had a mean age of 506 d.

The following carcass traits were evaluated: HCW,
LM area (LMA), and backfat thickness (BF). At
slaughter, HCW was recorded for each animal. After a
24- to 48-h chill, the LM sections between 12/13th ribs
were taken from the left side of the carcass and imme-
diately frozen at —20°C for later analyses. Point count-
ing on a plastic grid (where each square corresponds
to 1 cm?) was used to measure LMA, in which the grid
was placed on the sample and the sum of all squares
corresponds to the LMA of the animal. For the deter-
mination of BF, the layer of subcutaneous fat located at
an angle of 45 degrees from the geometric center of the
sample was measured in millimeters with a caliper. The
mean age of the animals at slaughter was 735 + 84 d.

The CG for all traits was defined by the effects of
year, farm, and management group at yearling. The sea-
son effect was not included in the CG because the man-
agement groups were created within a season; therefore,
the season effect is taken into account by the management
group effect in CG. For the carcass traits, observations
with 3 SD above or below the mean of their CG were
excluded. The structure of the data is shown in Table 1.

Marker Genotypes

The animals were genotyped using the BovineHD
BeadChip (Illumina, Inc., San Diego, CA), which
contains 777,962 SNP markers distributed across the
genome. For quality control of the genotypes, only
SNP located on autosomes and with a GenCall score
higher than 0.70 were used. Single nucleotide poly-
morphisms at the same genomic position and those
with a minor allele frequency < 0.05 and a call rate <
0.90 were excluded. Individuals with a call rate < 0.90
were also eliminated. Finally, the correlation between
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Table 1. Structure of the data file for carcass and
visual scores in Nelore cattle

No. of No. of No. of Mean (SD)
Trait! observations sires dams or mode?
LMA, cm? 1,753 289 1,534 68.57 (8.58)
BF, mm 1,747 289 1,527 4.84 (2.60)
HCW, kg 1,564 244 1,432 277.92 (23.34)
CS 13,524 620 12,260 3
FP 13,524 620 12,260 3
MS 13,524 620 12,260 3

ILMA = LM area; BF = backfat thickness; CS = conformation; FP =
finishing precocity; MS = muscling.
2Mode for visual scores.

SNP within a window of 100 markers was evaluated
and 1 SNP of each highly correlated pair (2 > 0.995)
was excluded from the analyses. After quality control,
1,634 animals and 369,590 SNP remained.

Quantitative Genetic Analysis

Six analyses using multitrait animal models were
performed, with each model including the 3 visual
scores and 1 of the carcass traits. For the visual scores,
the model included the direct additive genetic and re-
sidual as random effects, the fixed effects of CG, and
the linear effect of age of animal at yearling. The same
model was used for the carcass traits, replacing the ef-
fect of age of animal at yearling with the linear effect
of age of animal at slaughter.

The general model can be written in matrix form
as follows:

y=XB+Za+te,

in which y is the vector of the traits observed, [} is
the vector of fixed effects, a is the vector of genetic
additive direct effects of the animal, e is the vector of
residual effects, and X and Z are incidence matrices
relating 3, a, and e to y. In this study, it was assumed
that E[y] = Xb, var(a) =A ® S, or var(a) =H® S, and
var(e) = I ® S, in which S, is the additive genetic co-
variance matrix, Sy is the additive genetic covariance
matrix combined with the genomic matrix, Se is the
residual covariance matrix, A is the additive-genetic
numerator relationship matrix, H is the additive-genet-
ic relationship matrix based on pedigree and genomic
information, I is the identity matrix, and & is the direct
product between matrices. A pedigree containing the
identification of the animal, sire, and dam with a total
of 37,685 animals (after pruning) in the relationship
matrix was used. The variance and covariance compo-
nents were estimated by the REML method using the
AIREMLF90 program (Misztal et al., 2002).

Table 2. Distribution of visual evaluation scores for
conformation (CS), finishing precocity (FP), and mus-
cling (MS) in 13,524 animals of Nellore breed

Score
Trait 1 2 3 4 5
CS 810 2,782 4,933 3,521 1,478
FP 924 2,675 4,677 3,448 1,800
MS 1,235 3,099 4,665 2,988 1,537

According to Aguilar et al. (2010), the inverse of
H (H ') can be obtained as follows:

0 0
Hl=AT e
0 G'-A,

b

in which A™! is the inverse of the pedigree-based rela-
tionship matrix, G™! is the inverse of the genomic ma-
trix, and Azz’1 is the inverse of the pedigree-based re-
lationship matrix for genotyped animals. According to
VanRaden (2008), matrix G can be written as follows:

G=[M-P)M - P)V[237, p(1 — p)],

in which M is the allele-sharing matrix with m columns
(m = total number of markers) and » lines (n = total num-
ber of genotyped animals) and P is a matrix containing
the frequency of the second allele (p;), expressed as ij'
Mij is 0 if animal 7 genotyped for SI\fP j is homozygous
for the first allele, 1 if it is heterozygous, and 2 if the
genotype is homozygous for the second allele.

To facilitate inversion, the program AIREMLF90
uses, by default, a weighted G as proposed by VanRaden
(2008): G =0.95G(, +0.05A,,. We also have conducted
additional analyses without scaling G based on A,,.

The accuracies of the breeding values were
evaluated using the equations proposed by the Beef
Improvement Federation (BIF, 2010).

RESULTS AND DISCUSSION

Although visual scores are categorical variables,
a linear model was used for the estimation of genetic
parameters because of the large number of phenotypic
data available for these traits. The distribution of each
visual score is shown in Table 2. Furthermore, Faria et
al. (2010) obtained similar genetic parameter estimates
for these traits using either a threshold or a linear model.

Heritability Estimates

The heritability estimates for the visual scores
(Table 3) obtained with the 2 methods were similar
and of moderate magnitude (0.23-0.34), indicating
that these traits should respond to direct selection. The
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Table 3. Variance components (SE) and heritability
estimates for carcass and visual evaluation traits using
different relationship matrices

Table 4. Genetic covariances (SE) between visual
evaluation and carcass traits using different relation-
ship matrices

Trait! 22 022 > Trait! Cs? Fp? MS?

A3 A’

LMA, cm? 7.38 (4.84) 47.95 (4.78) 0.13 (0.09) LMA, cm? 0.26 (0.37) 0.42 (0.38) 0.41 (0.37)

BF, mm 0.26 (0.17) 3.33(0.18) 0.07 (0.06) BF, mm 0.06 (0.01) 0.07 (0.02) 0.08 (0.02)

HCW, kg 51.25(16.74) 2425 (16.97) 0.17 (0.03) HCW, kg 3.28 (0.53) 1.68 (0.43) 1.81 (0.43)

CS 0.27-0.33 (0.03-0.04)  0.66-0.70 (0.01-0.03) 0.28-0.34 (0.03) H*

FP 0.28-0.30 (0.03-0.05)  0.83-0.84 (0.01-0.04) 0.25-0.27 (0.03) LMA, cm? 0.42 (0.21) 0.74 (0.24) 0.91 (0.24)

MS 0.26-0.30 (0.03-0.05)  0.85-0.87 (0.01-0.04) 0.23-0.26 (0.03) BF, mm 0.16 (0.01) 0.19 (0.02) 0.16 (0.03)

H* HCW, kg 2.80(0.34) 1.63 (0.37) 1.59 (0.37)
2

LMA, om 1591(3.62) 36.53(3.34) 0.29(0.06) ILMA = LM area; BF = backfat thickness.

BF, mm 0.58(0.12) 3.04(0.13) 0.16(0.05) 2CS = conformation; FP = finishing precocity; MS = muscling.

HCW. kg 6725 (7.69) 225.13 (12.86) 0.23(0.06) 3A = numerator relationship matrix.

= 0.27-031(0.03-0.04)  0.69-0.70(0.01-0.03) 0.27-0.31(0.03) 4H = genomic matrix combined with the numerator relationship matrix.

FP 0.29-0.32 (0.03-0.05)  0.82-0.83 (0.01-0.03) 0.26-0.28 (0.03)

MS 0.28-0.31 (0.02-0.04)  0.85-0.86 (0.01-0.03) 0.24-0.27 (0.03)

ILMA = LM area; BF = backfat thickness; CS = conformation; FP =
finishing precocity; MS = muscling.

2032 = additive genetic variance; 662 = residual variance.

3A = numerator relationship matrix.

4H = genomic matrix combined with the numerator relationship matrix.

estimates were probably similar because the number
of animals with phenotypes was expressively higher
than the number of genotyped animals and the inclu-
sion of genomic data did not add sufficient informa-
tion to change these estimates.

On the other hand, the heritabilities for the carcass
traits estimated with the ssGBLUP method were higher
than those obtained with BLUP. These results agree
with those reported by Onogi et al. (2014), who also
estimated variance components using BLUP and ssG-
BLUP and obtained higher genetic variance and herita-
bility estimates for HCW and LMA with ssGBLUP. In
the present study, the addition of genomic information
to matrix A also resulted in higher additive genetic vari-
ance estimates with lower SE for the carcass traits, that
1s, for the traits with a smaller number of observations.

When BLUP was used, the heritability estimates for
the carcass traits were of low magnitude (0.07-0.17).
In contrast, the use of ssGBLUP provided moderate
heritabilities for LMA and HCW (Table 3). More ex-
pressive increases in additive genetic variance were ob-
served for LMA and BF (about 2 times higher) when
matrix H was used instead of matrix A. For HCW, the
ssGBLUP method also detected greater genetic varia-
tion (30%) than BLUP. The smaller increase in additive
genetic variance observed for HCW compared with the
other carcass traits may be due to the high genetic cor-
relation between this trait and the visual scores (Table 4
and 5) observed in the BLUP method. Therefore, the
analysis of HCW was benefited by the large number of
data available for the visual scores.

The heritability estimates for LMA obtained here
with the 2 methods were lower than those reported in
the literature for Zebu animals using matrix A, which
ranged from 0.35 to 0.63 (Riley et al., 2002; Smith et
al., 2007; Rezende et al., 2009). On the other hand,
Tizioto et al. (2013) reported a heritability similar to
that found in the present study (0.27) using the genom-
ic relationship matrix. A possible reason for the lower
heritability estimates found in this paper in compari-
son with those reported in the literature may be due to
the commercial animals studied, which were probably
submitted to greater variability of environmental con-
ditions in comparison with those raised in trial stations.

For HCW, the heritability estimates were of low
(BLUP) or moderate (ssGBLUP) magnitude (Table 3)
and lower than those obtained by Riley et al. (2002)
for Brahman animals (0.55). Studying Nellore ani-
mals, Rezende et al. (2009) reported a higher heritabil-
ity (0.38) than that observed in the present study. On
the other hand, Ferriani et al. (2013) obtained a similar
heritability (0.20 = 0.08) for animals of the same breed.

Although the ssGBLUP method provided an im-
portant increase in the additive genetic variance of BF,
the heritability estimates obtained with the 2 methods
were of low magnitude and lower than those reported by
Riley et al. (2002) and Rezende et al. (2009; 0.63 and
0.52, respectively). However, the heritability obtained
when the numerator relationship and genomic matrices
were combined (matrix H) was similar to that reported
by Tizioto et al. (2013) for Nellore animals (0.21).

In the present study, 618 individuals with informa-
tion for the carcass traits were animals with unknown
sires. To verify if the difference in the genetic param-
eter estimates using matrix A and H was due to the ani-
mals with unknown sires, we also have conducted ad-
ditional analyses including only the animals with both
sire and dam information. We found that the genetic
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Table 5. Genetic correlations (SE) between visual
evaluation and carcass traits estimated by the numera-
tor relationship matrix (A) and the genomic matrix
combined with the numerator relationship matrix (H)

Trait! cs? Fp2 Ms?

A

LMA, cm? 0.18 (0.39) 0.31 (0.50) 0.30 (0.47)
BF, mm 0.22 (0.65) 0.28 (0.74) 0.25 (0.68)
HCW, kg 0.80 (0.13) 0.41 (0.17) 0.44 (0.17)
H

LMA, cm? 0.20 (0.15) 0.35 (0.15) 0.43 (0.16)
BF, mm 0.39 (0.37) 0.47 (0.63) 0.41 (0.39)
HCW, kg 0.67 (0.14) 0.39 (0.18) 0.38 (0.17)

'LMA = LM area; BF = backfat thickness.
2CS = conformation; FP = finishing precocity; MS = muscling.

parameter estimates were close to those obtained when
the 618 animals with unknown sires were used (results
not shown). Therefore, the numerator relationship ma-
trix did not represent the existing relationship between
animals, compromising the estimation of genetic vari-
ability for the carcass traits. The addition of genomic
information to the numerator relationship matrix con-
tributed to correcting matrix A and therefore captured
a higher proportion of the genetic variance.

An important finding of the present study was that
the variance components and their respective SE ob-
tained when matrix G was not scaled based on matrix
A,, were similar to those obtained when matrix G was
scaled based on matrix A,,.

Genetic Correlations

The covariances and genetic correlations between
the visual scores and carcass traits were positive and
generally higher when the ssGBLUP method was used
(Tables 4 and 5). These results suggest that long-term se-
lection for higher visual scores should lead to an increase
in carcass traits measured postmortem, especially HCW.

Using either method, the genetic correlations be-
tween the visual scores and LMA were of moderate
magnitude. The highest genetic correlation was ob-
served between MS and LMA. This result is expected
because the objective of visual evaluation of MS is to
identify evidence of muscle mass in the animal, whereas
LMA is related to carcass cut yield. In a previous study
using matrix A, Gordo et al. (2012) reported similar re-
sults, with genetic correlations of 0.39, 0.37 and 0.44
between LMA (in vivo) with body structure (which cor-
responds to CS of this study), FP, and MS, respectively.

Regarding BF, the genetic correlations with CS,
FP, and MS were of moderate magnitude. Matrix H
permitted the detection of a higher proportion of ge-
netic covariation between the scores and BF (Table 4).

Table 6. Average accuracy estimates for breeding val-
ues using different relationship matrices

Trait! Full pedigree Young males Females
A2

LMA 0.17 0.26 0.14
BF 0.23 0.25 0.22
HCW 0.42 0.45 0.28
H3

LMA 0.30 0.32 0.26
BF 0.26 0.27 0.27
HCW 0.47 0.54 0.42

ILMA = LM area; BF = backfat thickness.
2A = numerator relationship matrix.

3H = genomic matrix combined with the numerator relationship matrix.

The highest genetic correlation was observed with FP,
which measures the capacity of the animal to reach the
minimum degree of carcass finishing at a nonelevated
BW. Similar positive and moderate genetic correla-
tions of BF (in vivo) with FP and MS in Nellore ani-
mals have been described by Yokoo et al. (2009) and
Gordo et al. (2012), ranging from 0.33 to 0.40. Koch
et al. (2004), studying Hereford animals, reported a
low genetic correlation of 0.09 between MS and BF.

The 2 methods provided moderate to high ge-
netic correlations between the visual scores and HCW
(Table 5). As expected, the highest correlation was
obtained with CS. According to Koury Filho et al.
(2010), phenotypically, CS scores estimate the amount
of meat in the carcass at slaughter of the animal and
a higher correlation with HCW is therefore expected.

Muscling scores measure evidence of muscle mass
in the animals, and muscles are the main components
of carcass weight. The genetic correlation between
MS and HCW obtained in the present study was higher
than that reported by Koch et al. (2004) for Hereford
animals (0.27). Similarly, Bonfatti et al. (2013) found
a low genetic association between shoulder muscular-
ity and HCW (0.11).

The SE of the genetic covariances were lower for
the ssGBLUP method compared with BLUP. One ex-
planation for this finding is the fact that matrix H im-
proves the relationship coefficients and, consequently,
additive-genetic relationships. The higher proportion
of multiple sires for animals with observations for the
carcass traits in relation to the general database leads
to impoverishment of the numerator relationship ma-
trix and consequently increases the difficulty in esti-
mating genetic variances and covariances.

Although the genetic correlations between the vi-
sual scores and carcass traits were moderate, consid-
ering the difficulty and cost of obtaining these traits
postmortem, visual scores could be used as criteria for
selecting these traits.
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Accuracies of Breeding Values

Table 6 shows the accuracies of the breeding values.
For the carcass traits, the addition of genomic informa-
tion resulted in a slight increase in accuracies. The 2
methods provided similar accuracies of breeding values
for the visual scores of both young males (up to 2 yr)
and females (data not shown). This finding is probably
due to the larger number of available information and
known parents for the visual scores than the animals
with phenotypic data for carcass traits. It should be
noted that the number of genotyped animals is small
compared with the database of phenotypes for the visu-
al scores. Using a larger number of genotyped animals,
these results may show more important differences.

Conclusions

The visual scores of conformation, finishing pre-
cocity and muscling can be used as selection criteria
to improve HCW, backfat thickness, and LM area. If
available, genomic information should be included
in the analyses for the estimation of variance and co-
variance components and breeding values, especially
when the number of observations for the trait is small
and the percentage of unknown sires is high.
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