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Abstract

In breeding programmes, the genetic selection process is based on the prediction of animal
breeding values, and its results may vary according to the employed selection method. The
current study developed an economic selection index for animals of the Angus breed; per-
formed cluster analyses using the breeding values in order to evaluate the genetic profile of
the animals candidates to selection, and compared the obtained results between the economic
selection index and the cluster analyses. The evaluated traits included weaning weight, 18-
month weight, scrotal circumference, fat thickness and ribeye area. Economic values were
obtained using bioeconomic modelling, simulating a complete cycle production system of
beef cattle breeds in Brazil, and the selection objective were the weaning rate and slaughter
weight. The chosen selection index was composed of all of the traits used as selection criteria
for the simulated production system. During the cluster analyses, the population was divided
into two to four groups, in which the groupings containing potential animals were assessed.
The animals of the grouping which was used for comparison with the selection index were
identified, and most of the bulls that were included in the index were among the best in
the analysed group. These results suggest that the cluster analyses can be used as a tool for
the selection of animals to be used as parents for future generations.

Introduction

Several traits are considered to be economically important in beef cattle production. The
impact of these traits on the production system has been employed in economic selection indi-
ces. In recent decades, these indices have been used more frequently in beef cattle production,
enabling the combination of economic (economic values) and genetic (genetic and phenotypic
variances and covariances) information. These data can be applied to several traits simultan-
eously, with the purpose of obtaining maximum genetic progress to quickly achieve the breed-
ing objectives of a breeding programme (Hazel, 1943). Also, the economic index is more
efficient when it considers several traits that differ in variability, economic importance, herit-
ability and degree of genetic and environmental correlation (Hazel, 1943; Hazel et al., 1994).

The first step required to generate an economic selection index is to define the breeding
objectives (Ponzoni and Newman, 1989; Groen et al., 1997), given they exert considerable
influence on the development of genetic improvement strategies and the identification of traits
that constitute the selection criteria (Amer et al., 1994). Traits that can be measured easily,
with low cost, with medium to high heritability and that are related to the targeted trait should
be employed as selection criteria to predict the breeding values of the animals (Euclides Filho,
1999; Queiroz et al., 2005).

Genetic parameter estimates and predictions of breeding constitute the necessary informa-
tion for the development of selection indices. The genetic selection process is based on the
prediction of breeding values of animals, intensity of selection, generation interval and mag-
nitude of genetic variance. The selection efficiency and the expected genetic progress are deter-
mined by the predictive accuracy of the breeding values (van der Werf, 2006), which takes into
account the quality and quantity of pedigree information and the phenotypes of the animals
designated for selection.

Cluster analysis can be applied to examine information using significant amounts of data
when multiple variables are assessed simultaneously. There are basically two types of cluster
analyses: hierarchical and non-hierarchical. Hierarchical cluster analysis aggregates rows of
databases (animals, individuals, objects, etc.) based on grouping characteristics. The result
of this analysis is expressed by a graph (dendrogram), in which individuals are ordered by
proximity and grouped according to the chosen variables. There are several methods of
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grouping. One that is widely used is Ward’ method (Ward, 1963).
According to Hair et al. (2009), the use of this technique results in
groupings of approximately equal sizes due to the internal vari-
ation minimization of the groups. The non-hierarchical cluster
analysis employs the K-means method (Hartigan, 1975;
Hartigan and Wong, 1979), and its objective is to agglomerate
individuals in previously established groups, based on Euclidean
distance, which is used to measure the distance between indivi-
duals and the centre of the group, known as centroid. The cen-
troid consists of a vector of means of the variables used in the
cluster analysis. In general, the number of groups is pre-
established in hierarchical cluster analyses, in which there is no
defined criterion for group creation (Hair et al., 2009).

Cluster analysis can be used to group animals based on the
breeding values of traits that are evaluated in breeding pro-
grammes to detect the genetic profile of the groups of animals
that meet the programme selection objectives. This analysis has
been used to explore the genetic curve pattern to identify the gen-
etic profile of the genetic curve for milk production in Holstein
cows, based on the breeding values regarding milk production
(Cruz et al., 2016; Savegnago et al., 2016).

The objectives of the current study were (1) to develop an eco-
nomic selection index using economic values for Angus cattle; (2)
to perform cluster analyses using the breeding values in order to
evaluate the genetic profile of the animals candidates to selection,
and (3) to compare the obtained results between the economic
selection index and the cluster analyses to verify if the same
bulls were identified as the best sires in both methods of analysis.

Materials and methods

Economic values

The economic values were obtained by bioeconomic modelling
using the Microsoft Excel 2010 computer programme to simulate
a complete cycle in Angus–Nellore crossbred production system.
In order to obtain the economic selection index for Angus
bulls, the used breeding objective was chosen according to eco-
nomically significant traits and determined according to the
methodology described by Ponzoni and Newman (1989). The
adopted breeding objective consisted of the weaning rate and
slaughter weight according to the aim of the simulated production
system, which was the production of crossbred animals for com-
mercialization at the moment of slaughter.

Information on biological parameters (mortality rate, pre-
slaughter mortality, disposal rate, weaning rate, conception rate
and weights from birth to slaughter), gathered from technical
and scientific literature (Kaps et al., 2000; Martha et al., 2003;
Weber et al., 2009; Valadares Filho et al., 2010) and information
from real herds, were used in the simulation of a stabilized herd,
obtaining the number of animals per category, which was used to
calculate the sources of income and expenses (Anualpec, 2017;
Cepea, 2018) in the evaluated system. The model comprised an
intensive production system, distributed in pasture areas contain-
ing Brachiaria brizantha cv. Marandu, and the herd consisted of
1000 Nellore cows, including 24-month-old heifers, and seven
Aberdeen Angus bulls. Calves were weaned on average at 7
months of age and maintained in the pasture with their mothers.
After weaning, they were separated into batches by sex, and
remained in the pasture until 18 months of age, after which
they were transferred to a feedlot until 21 months of age. At
the end of the cycle, all of the animals (males and females)

were sold for slaughter; disposal cows and bulls had the same des-
tination. The average prices of the expenses and revenue compo-
nents for the production system are shown in Tables 1 and 2,
respectively.

The economic values were based on economic and productive
assessments, relating the expenses, revenues, biological informa-
tion and management of the production system, which were cal-
culated for each evaluated trait. The influence on the annual
profitability of the production system was verified by simulating
1.0% increase in the performance of a particular trait, maintaining
the others traits constant, according to the following equation:

EV = 1
n

( )
× MP

GG

( )

where: EV economic value; n corresponds to the number of ani-
mals in each category; MP represents the marginal profit obtained
by the difference between the profit before and after trait improve-
ment, and GG was calculated by the difference between the per-
formance of the trait before and after the improvement (Groen
et al., 1997). The calculations were based on Brazilian currency
(R$) and converted to North American currency (US$) using
the average price in 2017 (US$1.00 = R$3.19). The economic
value was expressed in American currency (US$) per change in
trait unit, based on cow/year. The profit equations can be repre-
sented by the following equations:

P = (PM + PF + PDC + PDB)–TE

PM = Nx0.5x(1− RMW)x(1− RM12)x(1− RM18)x(1− RMS)

x(FWMxUS/@)

Table 1. Annual expenses of the complete-cycle production system

Values
(US$)

Costs
(proportion)

Pasture (planting and
maintenance)

192 342.50 0.35

Food (supplementation) 264 497.84 0.48

Mineral salt 10 485.38 0.02

Veterinary costs (vaccination,
labour, insemination)

16 598.34 0.03

Purchase of animals (replacement) 65 887.88 0.12

Total 549 811.94 1.00

Table 2. Annual revenues of the complete-cycle production system

Values (US$) Revenues (proportion)

Male calves at weaning 376 907.36 0.43

Female calves at weaning 361 215.46 0.45

Disposal cows 87 700.50 0.10

Disposal bulls 1409.33 0.02

Total 827 232.65 1.00
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PF = Nx0.5x(1− RMW)x(1− RM12)x(1− RM18)x(1− RMS)

x(FWFxUS/@)

PDC = (NC + NH)x(1− RM)+ (1− RDC)x(FWDCxUS/@)

PDB = NBx(1− RDB)x(FWDBxUS/@)

where P, marginal profit; PM and PF, profit from sale of male and
female, respectively; PDC, profit from sale of disposal cows; PDB,
profit from sale of disposal bulls; TE, total expenses; N, number
of animals born; RMW, mortality rate from birth to weaning;
RM12, mortality rate at 12 months; RM18, mortality rate at 18
months; RMS, mortality rate at slaughter age; FWM and FWF,
final weight of male and female, respectively; NC, number of
mature cows; NH, number of heifers 2 years; RM, mortality rate
of cows; RDC, discard rate of cows; NB, number of bulls; RDB, dis-
card rate of bulls; FWDC and FWDB, final weight of disposal cows
and bulls, respectively.

Estimation of variance components and genetic parameters

The data regarding performance and pedigree of the animals of the
Angus breed were provided by Gensys Consultores Associados S/S
Ltda. and PROMEBO (Programa de Melhoramento de Bovinos de
Carne - Beef Cattle Breeding Programme) of the National
Breeders Association (ANC) ‘Herd-Book Collares’. The employed
traits consisted of weaning weight, 18-month weight, scrotal cir-
cumference, fat thickness and ribeye area. The 18-month weight
was adjusted to 550 days as recommended by BIF (1996), and cal-
culated by applying the following equation:

W18aj = W18−WW
N1

× 345+W205

where: W18 and WW represent 18-month weight and weaning
weight, respectively, expressed in kilograms, and N1 corresponds
to the number of days from weaning until 18 months of age, and
W205 correspond to adjusted 205-day weight calculated as recom-
mended by BIF (1996).

The assembly of the files for analyses was performed using the
SAS software (2003) computer programme for data file editing.
Four seasons were created with the month of the year (1 =
October, November and December; 2 = January, February and
March; 3 = April, May and June; 4 = July, August and
September) for dates of birth, weighing at weaning and yearling,
date of scrotal circumference measurement and date of ultrasound
for subcutaneous fat thickness and ribeye area. The contemporary
groups were formed for birth weight with animals from the same
farm, year, sex and season of birth. For the weaning weight and
yearling weight, the contemporary groups contained animals of
the same farm, sex, year of birth, year and season at the time of
measurement and management group. For scrotal circumference,
the contemporary groups were composed of animals from the
same year and season of birth, management group and year
and season at the time of measurement. For the ribeye area and
the subcutaneous fat thickness the contemporary groups included
animals of the same sex, year of birth, management group, year
and season at the time of ultrasound.

Were deleted records of animals with incomplete information,
bulls with less than five offspring, cows with reproductive ages of
less than three and greater than 13 years, contemporary groups
with less than five animals and observations displaying plus or
minus 3.5 standard deviations from the mean of the traits within
the contemporary group.

After data editing, a total of 1242 animals remained with infor-
mation regarding all of the traits considered for analyses. The ani-
mal model for all of the traits included the fixed effect of the
contemporary group, the random effects of the animals (direct)
and the random residual effects. For weaning weight, the age of
cow at calving was used as a covariate (linear and quadratic).
For scrotal circumference, fat thickness and ribeye area, the age
of the animals on the date in which the measurement was taken
was considered as a covariate (linear and quadratic). The pedigree
file contained 220 045 animals, which were used in the relation-
ship matrix. The genetic parameters were estimated in bivariate
analyses, employing the restricted maximum likelihood method
using the WOMBAT software (Meyer, 2007). The animal model
applied can be written as:

y1
y2

[ ]
= X1 0

0 X2

[ ]
∗ b1

b2

[ ]
+ Z1 0

0 Z2

[ ]
∗ a1

a2

[ ]

+ M1 0
0 M2

[ ]
∗ m1

m2

[ ]
+ e1

e2

[ ]

where: y1 and y2 are the vectors of observation for traits 1 and 2;
X1 and X2 represent the incidence matrices relating the elements
of trait 1 and 2 to the fixed effects; β1 and β2 correspond to the
vectors of the fixed effects for traits 1 and 2; Z1 and Z2 are inci-
dence matrices which relate the elements of trait 1 and 2 to the
direct effects; a1 and a2 represent the vectors of the random effects
of the animal (direct) for traits 1 and 2; M1 and M1 are incidence
matrices which relate the elements of traits 1 and 2 to the mater-
nal additive genetic; m1 and m2 represent the vectors of the ran-
dom maternal genetic effects; and e1 and e2 are the vectors of the
random residual effects for traits 1 and 2.

Development of the economic selection index

The selection index was defined for animals of the Angus breed in
order to select potential bulls for the production of crossbred ani-
mals (Angus × Nellore). Weaning rate and final weight at slaugh-
ter were adopted as the breeding objective for the selection index.
In order to achieve the objective, weaning weight, 18-month
weight (adjusted to 550 days of age), scrotal circumference, sub-
cutaneous fat thickness and ribeye area were used as selection
criteria.

The Angus breed data file did not contain the measurements
of the final weight at slaughter. Therefore, in order to construct
the index, the final weights were estimated using the 18-month
weights and the weight gain from weaning to 18-month. The eco-
nomic selection index (I) was generated by combining the
expected progeny difference (EPD) of the animals for each trait
with their respective index coefficients (b) of the selection criteria,
according to the following equation:

I = (b1 × EPD1)+ (b2 × EPD2)+ · · · + (bn × EPDn)

The methodology used for the calculation of regression coeffi-
cients of the indices was proposed by Schneerberger et al. (1992),
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where the coefficients are calculated as

b = G−1
11 × G12 × v

where b is the vector of selection index coefficients; G11 represents
genetic (co-) variances matrix among the selection criteria in the
index; G12 corresponds to the genetic covariance matrix between
the breeding objective and the selection criteria, and v is the vec-
tor of the economic values of the breeding objective. The regres-
sion coefficients were calculated using the R software (R Core
Team, 2016).

Some (co) variance components between the objectives and
selection criteria for Aberdeen Angus used in the current study
had been estimated previously by Fernandes et al. (2018). The
covariance components not found were assumed as zero in the
simulation of the current study.

Cluster analyses

Hierarchical and non-hierarchical cluster analyses were per-
formed using predicted breeding values of the traits used as selec-
tion criteria (weaning weight, 18-month weight, scrotal
circumference, subcutaneous fat thickness and ribeye area) to
group animals based on similarities of the genetic values in
order to evaluate the genetic profile of the groups within the
population. The breeding values were standardized using the nor-
mal standard distribution (z scores) before carry out cluster ana-
lyses. The hierarchical cluster analysis was used to choose the
number of clusters into which the population could be initially
divided. The Euclidean distance was applied as a measurement
of dissimilarity between the animals, and the employed clustering
algorithm for group formation was Ward’ method (Ward, 1963).
After defining the number of clusters, the non-hierarchical ana-
lysis using the K-means method was conducted to explore the
genetic profile of the groups, based on the breeding values of
the evaluated traits. In both analyses, the genetic values of the ani-
mals were considered for all the traits used as selection criteria.
The PROC CLUSTER procedure of the SAS software (2003)
was used for cluster analysis.

Results

Economic values and selection index

The weaning rate and slaughter weight, considered as the breeding
objectives for the complete cycle production system, displayed a
positive changes in profit after the simulation of the selection pro-
cess (Table 3).

The estimated genetic correlations and heritabilities of the
traits used in the analysis of the selection index are shown in
Table 4. Weaning weight exhibited a high genetic correlation
with 18-month weight and slaughter weight, and showed a
median correlation with scrotal circumference, fat thickness and
ribeye area. In other words, the selection of one of these traits
increases the other. A positive and median magnitude genetic cor-
relation was observed between the scrotal circumference and the
other traits, ranging from 0.41 to 0.57, indicating that the use of
this attribute as a selection criterion contributes to the identifica-
tion of animals with greater growth potential, and is also asso-
ciated with animals displaying improved carcass quality. The fat
thickness trait exhibited moderate correlations with the growth
traits and the scrotal circumference, ranging from 0.24 to 0.45.

The ribeye area showed medium to high correlations with all of
the traits, indicating that some of the genes that control the ribeye
area also regulate the other traits. Thus, the improvement of one
trait will possibly cause an increase in another.

Genetic correlations of slaughter weight with the other ana-
lysed traits were medium to high. Moderate correlations were
observed with the carcass traits, fat thickness and ribeye area,
and the high ones with the growth traits and scrotal circumfer-
ence. Heritability estimates of the traits ranged from 0.12 to
0.62. These correlations and heritabilities show the significance
of the weaning rate and slaughter weight as breeding objectives
within the production system. The obtained values demonstrate
the efficiency of the use of growth traits to achieve carcass with
minimum fat thickness demand by cold stores, taking into
account that the farmer aims at producing early animals without
losses in carcass quality.

The economic values (EV) and genetic (co-) variance matrices
of the breeding objective (weaning rate – WR and slaughter
weight – SW) and the selection criteria (weaning weight –
WW; 18-month weight – W18; scrotal circumference – SC; sub-
cutaneous fat thickness – FT; and ribeye area – RA) employed in
the development of the economic selection index for the simu-
lated complete cycle production system are shown below:

EV = 1.16
4.66

[ ]

G12y =

sSW WW sWR WW

sSW W18 sWR W18

sSW SC sWR SC

sSW FT sWR FT

sSW RA sWR RA

⎡
⎢⎢⎢⎢⎣

⎤
⎥⎥⎥⎥⎦ G12y =

121.59
112.50
11.75
3.63
34.68

0
−0.35
0.68
0
0

⎡
⎢⎢⎢⎣

⎤
⎥⎥⎥⎦

G11y =

120.31 186.51 8.4584 0.5906 13.745
186.51 326.75 15.405 2.6725 35.325
8.4584
0.5906
13.745

15.405
2.6725
35.325

1.386 −0.0377 2.739
−0.0377 0.2778 1.693
2.739 1.693 60.36

⎡
⎢⎢⎢⎢⎣

⎤
⎥⎥⎥⎥⎦

With the economic value and regression coefficients (b)
obtained, the economic selection index for the complete cycle sys-
tem was constructed as

I=11.651× EPDWW − 9.108× EPDW18 + 47.614× EPDSC

+ 93.173× EPDFT –1.430× EPDRA

Table 3. Marginal profit (MP), genetic gain (GG) and economic value (EV) of the
breeding objective after the 1.0% increase in performance of the trait

Trait MPa (US$) GG EVb (US$)

WRc (kg) 4133.32 0.89 4.66

SWd (kg) 6234.69 5.38 1.16

aBased on 1000 cows/year.
bBased on cow/year.
cWR = weaning rate.
dSW = slaughter weight.
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where: EPD is the expected progeny difference, WW is the wean-
ing weight, W18 is the 18-month weight, SC is the scrotal circum-
ference, FT is the fat thickness, RA is the ribeye area.

Cluster analyses

The traits used in the cluster analysis were the same as those used
in the calculation of the selection index: weaning weight,
18-month weight, scrotal circumference, subcutaneous fat thick-
ness and ribeye area. According to the dendrogram of the hier-
archical cluster analysis, the population could be separated into
two to four groups (Fig. 1). The means of the breeding values
for the traits in each grouping revealed that the population con-
tained groups of animals with different genetic profiles (Fig. 2).

The non-hierarchical analysis with the grouping of the animals
into two clusters (Fig. 2a) exhibited bulls with EBVs that were
positive and above average regarding all of the traits in group 1,
containing 190 of the 1242 analysed animals. The other bulls
were clustered into group 2, with EBVs that were negative and

below average. In Fig. 2b, divided into three groups, group 2 dis-
played EBVs that were closer to the mean. Consequently, this
grouping will not contribute to the genetic improvement of the
population regarding this set of traits. Group 3 showed EBVs
that were below the mean and with negative values. Therefore,
the disposal of these animals should be considered. The animals
in group 1 retained the highest EBVs in the population, rendering
them the optimal sires to be used for selection, given the objective
is beef cattle production considering the evaluated traits. In this
analysis, group 1 exhibited the highest number of grouped ani-
mals (976), followed by group 2 (264) and group 3 (02).

When the non-hierarchical analysis was conducted consider-
ing the four groups (Fig. 2c), the estimated breeding values of
group 3 (485 animals) grouped the bulls with the best EBVs,
with all values above average. Group 1 (353 animals), group 2
(402 animals)and group 4 (2 animals) concentrated its animals
close to average and with some negative values. After obtaining
the economic selection index and the clusters formed by the clus-
ter analyses, it was possible to identify the best bulls considering

Table 4. Estimated genetic correlations (above diagonal) and heritabilities (diagonal) of the traits used in the selection index

Traitsa WW W18 SC FT RA SW

WW 0.12 (±0.010) 0.91 (±0.020) 0.48 (±0.060) 0.24 (±0.090) 0.31 (±0.090) 0.88 (±0.030)

W18 0.22 (±0.020) 0.41 (±0.060) 0.32 (±0.080) 0.39 (±0.070) 0.94 (±0.020)

SC 0.61 (±0.040) 0.45 (±0.100) 0.42 (±0.080) 0.57 (±0.060)

FT 0.20 (±0.040) 0.62 (±0.070) 0.29 (±0.020)

RA 0.51 (±0.050) 0.42 (±0.090)

SW 0.16 (±0.020)

aWW =weaning weight; W18 = 18-month weight; SC = scrotal circumference; FT = fat thickness; RA = ribeye area; SW = slaughter weight.

Fig. 1. Dendrogram based on EBVs for the traits of the weaning weight, 18-month weight, scrotal circumference, subcutaneous fat thickness and ribeye area of
Angus bulls.
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the composition of each of the formed clusters and verify in
which position they were in the proposed index (Supplementary
material).

Discussion

The 1.0% increase in performance resulted in the economic values
of US$ 1.16/cow/year and US$ 4.66/cow/year gain in profit for the
slaughter weight and weaning rate, respectively. A bioeconomic
model for a complete-cycle production system was also developed
for the Aberdeen Angus breed (Campos et al., 2014), and the
authors obtained lower economic values regarding the slaughter
weight (US$ 0.43). Nevertheless, according to Urioste et al.

(1998), the comparison of results from different studies is not
recommended due to the distinct production conditions, costs
and expenses, breeds and employed methodologies. Moreover,
each production system will retain different economic values
and, therefore, should not be used as a basis for any company
or farm. The weaning weight and slaughter weight trait had a
positive effect on the simulated production system, given it is dir-
ectly related to the other growth traits throughout the animal’ life.
These traits are traditionally considered important in any produc-
tion system or breeding programme.

The use of the weaning weight and slaughter weight as a selec-
tion objectives are essential. The current breeding objective of beef
cattle production systems is to produce more animals and early

Fig. 2. Non-hierarchical cluster analyses with K-means method with two (a), three (b) and four (c) groups, using EBVs of weaning weight (WW), 18-month weight
(W18), scrotal circumference (SC), subcutaneous fat thickness (FT) and ribeye area (RA).
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animals that reach the slaughter weight sooner, with carcass qual-
ities according to the cold stores and the final customer require-
ment. In turn, growth traits are related to age at slaughter and
carcass quality (Araujo Neto et al., 2012), and there is a linear
relationship between live weight and the development of the rib-
eye area and fat deposition (Devincenzi et al., 2012).

Considering the conditions of the simulated production system
in the current study, the proposed selection index was composed
of all of the traits that were used as selection criteria. Breeders
should be attentive to the choice the traits, because the accuracy
may be lower, and the sires may not be ranked according to the
proposed breeding objectives. In addition, even if the expected
response is greater in the next generation, it may change over
the generations and undermine the selection process. The rela-
tionship between genetic correlation, heritability and economic
values can significantly affect the accuracy value, becoming essen-
tial for the optimization of response to selection (Haberland et al.,
2013).

In the proposed index, the fat thickness exhibited the highest
value (+93.173), representing considerable significance in the
simulated production system, followed by scrotal circumference
(+47.614), weaning weight (+11.651), ribeye area (−1.430) and
18-month weight (−9.108). The index displayed negative values
for the 18-month weight and ribeye area traits, which does not
imply in trait loss but a reduction in importance in the index
composed of several simultaneously analysed traits. Despite the
negative values, 18-month weight and ribeye area showed positive
genetic correlations (median to high) with all of the traits that
constituted the index. In other words, the selection to increment
the performance of one of these traits can increase the perform-
ance of the others, and their simultaneous use may improve
response to selection.

Defining the optimal index and determining the significance
of each trait, the expected response, and the accuracy depends
on the correct breeding objective and the choice of the traits
that will be used as selection criteria, the correct estimation of
the genetic and phenotypic (co-) variances, the genetic para-
meters of the traits included in the index, and the calculation of
the economic values for the traits considered as breeding objec-
tives. The farm expenses and revenues used to obtain the eco-
nomic values should realistically reflect the employed
production system, and the database of the animals considered
for selection should contain sufficient and reliable information
for genetic evaluation. The comparison between studies con-
ducted with selection indices can complicate comprehension
since the economic values and accuracies can vary significantly,
given they are dependent on a set of information that differs by
region, state, or country, such as the utilized production system,
the variation in costs, the data set and the breed that is being ana-
lysed to obtain estimates of the genetic parameters. In addition to
the difficulty in comparing data, few studies on selection indices
have been carried out in Brazil.

Regarding the cluster analyses, the population was divided into
two groups. According to Hair et al. (2009), the choice of the
number of clusters is empirical and depends on the results that
best explain a particular data division problem. In the current
work, the division into two groups was carried out since one of
the groups met the breeding objectives, and the division results
in a larger number of animals per group, reducing the intensity
of selection and increasing the choice of the next generation of
breeding bulls. Group 1, which was composed of 190 animals,
obtained by dividing the animals into two groups, retained the

optimal EBVs for the studied set of traits, and their genetic
curve was above average.

Following cluster analyses and the attainment of the groups of
bulls with the best EBVs, it was possible to verify if the economic
selection index proposed in current study exhibited the same can-
didates for selection. After analysing the animals grouped by the
EBVs in group 1 of the cluster with two divisions, 100 were posi-
tioned among the 100 best animals ranked in the economic selec-
tion index, showing that the cluster analyses may be used as a tool
in genetic breeding. Cluster analyses determine the relationships
between the evaluated traits (Karacaoren and Kadarmideen,
2008) by gathering the information according to similarities
within each group and differences between them. In turn, the cal-
culations performed in the development of selection indices
involve the use of genetic and phenotypic variances of the animals
and the zootechnical and economic information of the employed
production system. Also, they take into account the heritability of
the analysed traits and the correlations between them. The means
by which the results were obtained were different. However, while
comparing the results of the two types of analyses, it was observed
that both could be used complementarily or individually when
involving selection with the use of several traits simultaneously.

In conclusion, the economic selection index and cluster ana-
lyses composed of all of the traits that were used as selection cri-
teria would result in a considerable response to selection since the
employed breeding objectives (weaning rate and slaughter weight)
displayed a positive economic return regarding the simulated pro-
duction system. All bulls that ranked among the top 100 in the
selection index were also present in the group with the best
EBVs, which was formed during the cluster analyses. This result
confirms that the cluster analyses can be used as a tool for the
selection of animals to be used as parents for further generations.
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be found at https://doi.org/10.1017/S0021859621000575

Acknowledgements. We thank the Gensys Consultores Associados and the
Associação Nacional de Criadores ‘Herd-Book Collares’ (National Association
of Breeders ‘Herd-Book Collares’) for providing the data set used in the cur-
rent study. G. M. Fernandes received doctoral fellowship from Brazilian
Federal Coordination of Higher Education (Coordenação de
Aperfeiçoamento de Pessoal de Nível Superior - CAPES). R. P. Savegnago,
and L. A. Freitas received fellowship from the São Paulo Research
Foundation (Fundação de Amparo à Pesquisa do Estado de São Paulo –
FAPESP - process numbers 2013/20091-0, and 2016/10583-1, respectively).
C. C. P. Paz and L. El Faro held productivity research fellowship from CNPq.

Financial support. This research was financially supported by the Brazilian
National Council for Scientific and Technological Development (Conselho
Nacional de Desenvolvimento Científico e Tecnológico – CNPq) for the
research grant that supported this study (470459/2013-1).

Conflict of interest. The authors declare there are no conflicts of interest.

Ethical standards. Not applicable.

References

Amer PR, Kemp RA, Buchanan-Smith JG, Fox GC and Smith C (1994) A
bioeconomic model for comparing beef cattle genotypes at their optimal
economic slaughter end point. Journal of Animal Science 72, 38–50.

Anualpec (2017). Anuário da Pecuária Brasileira, 22nd. São Paulo, SP, BR:
Instituto FNP.

Araujo Neto FR, Herrera LGG, Ono RK and Queiroz SA (2012) Introdução
ao melhoramento genético de bovinos de corte. In Queiroz AS (ed.),
Guaíba, RS, BR: Agrolivros, pp. 55–63.

The Journal of Agricultural Science 461

https://doi.org/10.1017/S0021859621000575 Published online by Cambridge University Press

https://doi.org/10.1017/S0021859621000575
https://doi.org/10.1017/S0021859621000575
https://doi.org/10.1017/S0021859621000575


Bif (1996) Guidelines for Uniform Beef Improvement Programs. Raleigh:
U. S. Dept. Agriculture, North Carolina State University.

Campos GS, Braccini Neto J, Oaigen RP, Cardoso FF, Cobuci JA, Kern EL,
Campos LT, Bertoli CD and McManus CM (2014) Bioeconomic model
and selection indices in Aberdeen Angus cattle. Journal of Animal
Breeding and Genetics 131, 305–312.

Cepea/Esalq (2018) Centro de estudos avançados em economia aplicada da
Escola Superior de Agricultura “Luiz de Queiroz”. Available at http://
www.cepea.esalq.usp.br (Accessed 23 January 2018).

Cruz DAC, Savegnago RP, Santana ABB, Peixoto MGCD, Bruneli FAT and
El Faro L (2016) Análises de agrupamento dos valores genéticos para
produção de leite e persistência da lactação em bovinos da raça Guzerá.
Ciência Rural 46, 1281–1288.

Devincenzi T, Nabinger C, Cardoso FF, Nalério ES, Carassai IJ, Fedrigo JK,
Tarouco JU and Cardoso LL (2012) Carcass characteristics and meat qual-
ity of Aberdeen Angus steers finished on different pastures. Revista
Brasileira de Zootecnia 41, 1051–1059.

Euclides Filho K (1999) Melhoramento genético animal no Brasil: fundamen-
tos, história e importância. Campo Grande, MS, BR: Embrapa Gado de
Corte.

Fernandes GM, Savegnago RP, El Faro L, Roso VM and Paz CCP (2018)
Economic values and selection index in different Angus-Nellore cross-bred
production systems. Journal of Animal Breeding and Genetics 135,
208–220.

Groen AF, Steine T, Colleau JJ, Pedersen J, Pribyl J and Reinsch N (1997)
Economic values in dairy cattle breeding, with special reference to func-
tional traits. Report of an EAAP-working group. Livestock Production
Science 49, 1–21.

Haberland AM, Pimentel EC, Ytournel F, Erbe M and Simianer H (2013)
Interplay between heritability, genetic correlation and economic weighting
in a selection index with and without genomic information. Journal of
Animal Breeding and Genetics 130, 456–467.

Hair JF, Black WC, Babin BJ and Anderson RE (2009) Multivariate Data
Analysis, 7th., Upper Saddle River, NJ, USA: Prentice-Hall.

Hartigan JA (1975) Clustering Algorithms, 1st., New York, USA: John Wiley &
Sons Inc.

Hartigan JA and Wong MA (1979) Algorithm AS 136: a k-means clustering
algorithm. Journal of Applied Statistics 28, 100–108.

Hazel LN (1943) The genetic basis for constructing selection indexes. Genetics
28, 476–490.

Hazel LN, Dickerson GE and Freeman AE (1994) The selection index – then,
now, and for the future. Journal of Dairy Science 77, 3236–3251.

Kaps M, Herring WO and Lamberson WR (2000) Genetic and environmental
parameters for traitsderived fromtheBrodygrowth curveand their relationships
with weaning weight in Angus cattle. Journal of Animal Science 78, 1436–1442.

Karacaoren B and Kadarmideen HN (2008) Principal component and clus-
tering analysis of functional traits in Swiss dairy cattle. Turkish Journal of
Veterinary and Animal Sciences 32, 163–171.

Martha Jr GB, Barioni LG, Vilela L and Barcellos AO (2003) Área de Piquete
e Taxa de Lotação no Pastejo Rotacionado. Comunicado técnico 101, 1–8.

Meyer K (2007) WOMBAT−A tool for mixed model analyses in quantitative
genetics by restricted maximum likelihood (REML). Journal of Zhejiang
University Science 8, 815–821.

Ponzoni RW and Newman S (1989) Developing breeding objectives for
Australian beef cattle production. Animal Production 49, 35–47.

Queiroz SA, Pelicioni LC, Silva BF, Sesana JC, Martins MIEG and Sanches
A (2005) Índices de seleção para um rebanho Caracu de duplo propósito.
Revista Brasileira de Zootecnia 34, 827–837.

R Core Team (2016) R: A language and environment for statistical computing.
R Foundation for Statistical Computing. Vienna, Austria. Available at
https://www.r-project.org/.

SAS (2003) User’s Guide. Release 9.1. Statistical Analysis Systems Institute
Inc., Cary, NC, USA.

Savegnago RP, Nascimento GB, Rosa GJM, Carneiro RLR, Sesana RC, El
Faro L and Munari DP (2016) Cluster analyses to explore the genetic
curve pattern for milk yield of Holstein. Livestock Science 183, 28–32.

Schneerberger M, Barwick SA, Crow GH and Hammond K (1992)
Economic indices using breeding values predicted by BLUP. Journal of
Animal Breeding and Genetics 109, 180–187.

Urioste JI, Ponzoni RW, Aguirrezabala M, Rovere G and Saavedra D (1998)
Breeding objectives for pasture-fed Uruguayan beef cattle. Journal of
Animal Breeding and Genetics 115, 357–373.

Valadares Filho SC, Marcondes MI, Chizzotti ML and Paulino PVR (2010)
Exigências nutricionais de zebuínos puros e cruzados, 2nd., Viçosa, MG, BR:
Universidade Federal de Viçosa, Departamento de Zootecnia.

van der Werf J (2006) Melhoramento animal: uso de novas tecnologias. In
Kinghorn B, van der Werf J and Ryan M (eds), Piracicaba, SP, BR:
FEALQ, pp. 79–98.

Ward JH (1963) Hierarchical grouping to optimize an objective function.
Journal of the American Statistical Association 58, 236–244.

Weber T, Rorato PRN, Lopes JS, Comin JG, Dornelles MA and Araújo RO
(2009) Parâmetros genéticos e tendências genéticas e fenotípicas para
escores visuais na fase pós-desmama de bovinos da raça Aberdeen Angus.
Ciência Rural 39, 832–837.

462 G. M. Fernandes et al.

https://doi.org/10.1017/S0021859621000575 Published online by Cambridge University Press

http://www.cepea.esalq.usp.br
http://www.cepea.esalq.usp.br
http://www.cepea.esalq.usp.br
https://www.r-project.org/.
https://www.r-project.org/.
https://doi.org/10.1017/S0021859621000575

	Multi-trait selection index and cluster analyses in Angus cattle
	Introduction
	Materials and methods
	Economic values
	Estimation of variance components and genetic parameters
	Development of the economic selection index
	Cluster analyses

	Results
	Economic values and selection index
	Cluster analyses

	Discussion
	Acknowledgements
	References


