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Abstract
Selection indexes in dual-purpose cattle should include beef, milk and reproductive traits. The principal component analysis 
is a multivariate technique that allows researchers to explore relationships between explanatory variables and traits of interest. 
The objective of this study was to construct selection indexes for tropical dual-purpose Simmental cattle based on principal 
components. The evaluated traits were weight at 8 months of age; age at first calving; cumulative first-lactation milk yield 
at 60, 150, 210 and 305 days; and first calving interval. The selection indexes were estimated as the sum of the products of 
the estimated breeding values for the seven traits times their respective eigenvectors for the first three principal components. 
The three selection indexes from principal components analysis generated favourable expected genetic progress for all the 
traits. However, a selection index with a high expected genetic progress for all traits could not be obtained. The principal 
component analysis allows breeders to have a selection index that simultaneously improves milk, beef and reproductive traits 
in dual-purpose Simmental cattle. Because a selection index yielding high expected genetic progress for all traits could not 
be achieved, the decision to use a specific selection index will depend on the specific conditions of the market, the local 
needs and the farmer preference.
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Introduction

Multiple trait selection, advances in genetic evaluation tech-
niques and automated record keeping of phenotypes have 
led to the inclusion of more traits in breeding programs, 
which increases the difficulty to make decisions in genetic 
selection (Val et al. 2008). Further, increasing the number 
of traits also implies the application of complex multivari-
ate methods, which could restrict the use and combination 

of multiple traits available in a breeding program (Boligon 
et al. 2013).

The principal component analysis (PCA) has been pro-
posed as a multivariate methodology that allows research-
ers to reduce the data dimension into new variables called 
principal components (PCs, Aschard et al. 2014). These PCs 
have the advantage of independence due to their orthogonal 
projections and the reduction of computational requirements 
(Pinto et al. 2006; Gaspa et al. 2013). The PCA methodology 
also allows researchers to explore the relationship between 
estimated breeding values (EBV) and possibly construct 
more practical selection indexes rather than theoretical 
ones (Godshlak and Timothy 1988; Buzanskas et al. 2012; 
Agudelo-Gómez et al. 2016).

In Colombian dual-purpose Simmental cattle, knowl-
edge of the genetic correlations between milk and beef 
traits in Colombian dual-purpose Simmental cattle is vital 
due to their apparent genetic antagonism (Queiroz et al. 
2005). The PCA is useful for the construction of genetic 
selection indexes because it accounts for these correlations 
and can weight each trait using its eigenvector and the con-
tribution to the total explained variance (Kirpatrick and 
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Meyer 2004; Tyriseva et al. 2011). Hence, the PCA can be 
used to select directly or indirectly the best genotypes in a 
population (Long et al. 2011; Beheshtizadeh et al. 2013). 
Although an economic selection index is the best approach 
to genetic selection, the PCA is an objective method to 
weight traits in developing countries where the estima-
tion of economic weights is not always obvious and easy 
for breeders due to the lack of economic data. Thus, the 
aim of this study was to construct and compare selection 
indexes that consider growth, milk and reproductive traits 
in Colombian Simmental cattle using PCA.

Materials and methods

The database included 27,986 animals from 248 herds 
that are part of the national genetic evaluation program 
in Colombian Simmental cattle. The EBV analysed were 
those for weight at 8 months of age (W8M); age at first 
calving (AFC); cumulative first-lactation milk yield at 60 
(M60), 150 (M150), 210 (M210) and 305 (M305) days; 
and first calving interval (FCI). These EBV were estimated 
by Amaya et al. (2019, 2020). Animals were managed in 
pasture conditions, with ad libitum mineral supplemen-
tation throughout the year. The 248 herds were located 
between 1500 and 2600 m above sea level, with hilly 
topography and temperatures between 13 and 25 °C.

The EBV used in the PCA were standardized to zero 
mean and unit variance to avoid inconsistent solutions in 
the PCs due to the differences in scales and the magnitude 
of the variables. The eigenvectors used to construct the 
selection indexes were those with eigenvalues higher than 
1. The analyses were performed using the FactoMineR 
library (Le et al. 2018) of the R-Project software (R Core 
Time 2020). The selection index for a selection candidate 
was estimated as the sum of the products of the EBV for 
each trait times its corresponding eigenvector for each 
principal component as follows:

where ICPk is the selection index for the kth selection 
candidate, I is the total number of traits, eigi is the eigenvec-
tor of the ith trait and EBVik is the estimated breeding value 
for the ith trait in the kth selection candidate.

A conventional selection index (CSI; Hazel, 1943) was 
also constructed to compare the expected genetic progress 
obtained with the principal component index methodology. 
The CSI included the traits W8M, AFC, M305 and FCI as 
follows:

where, X is the EBV and b is the weights for each trait, 
which are calculated as 1∕�P , where �P is the phenotypic 
standard deviation for each trait (Falconer and Mackay 
1996). The traits M60, M150 and M210 were not included 
in the CSI because the bivariate models that included those 
traits did not converge.

The expected genetic progress was estimated using a 
function developed in the R-Project (R Core Time 2020). 
The function selected the best 70% females and the best 10% 
males according to the ranking in the four selection indexes. 
A random mating program among selected candidates 
was simulated. The EBV of the progeny used to estimate 
expected genetic progress were computed by averaging the 
EBV of their parents. The function utilized 1000 replicates 
for each selection index to compute the mean and standard 
deviation of the expected genetic progress for each trait in 
the next generation.

Results

Table 1 shows the correlations between EBV for the seven 
traits. AFC showed negative correlations ranging from -0.17 
to -0.56 with the others traits. The correlations between 
cumulative first-lactation milk yields were all positive with 
values from 0.27 to 0.65. FCI had positive correlations with 

ICPk =

I
∑

i=1

eigi ∗ EBVik

CSI = bW8MXW8M + bAFCXAFC + bM305
XM305

+ bFCIXFCI

Table 1  Linear correlations 
between the estimated breeding 
values for seven productive and 
reproductive traits in Colombian 
Simmental  cattle1

1 W8M weight at 8 months of age; AFC age at first calving; M60, M150, M210 and M305 are cumulative 
first-lactation milk yields at 60, 150, 210 and 305 days, respectively; FCI first calving interval

Trait1 AFC M60 M150 M210 M305 FCI

W8M -0.33 0.26 0.56 0.26 0.22 -0.07
AFC -0.19 -0.44 -0.33 -0.56 -0.17
M60 0.65 0.59 0.27 0.22
M150 0.60 0.57 0.32
M210 0.37 -0.09
M305 0.52
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milk traits, except with M210, where the correlation was 
almost zero (-0.09). W8M had negative correlations with the 
reproductive traits, but positive with all the traits associated 
with milk production (0.22 to 0.56).

The eigenvalues for principal components one (PC1), two 
(PC2) and three (PC3) were 3.2, 1.3 and 1, respectively. The 
first three principal components explained more than 78% of 
the total variance of the EBV. Table 2 shows the correlation 
coefficients between EBV for the seven traits and principal 
components for the first three PCs. The cumulative first-lac-
tation milk yields had positive correlations (0.70–0.91) with 
PC1. Conversely, AFC had the highest negative correlation 
(-0.64) with PC1. FCI had the highest negative correlation 
(-0.82) with PC2. AFC and M60 had positive correlations 
higher than 0.50 with PC3. W8M had the most negative 
correlation (-0.47) with PC3.

The eigenvectors of the first three principal components 
for the seven traits are shown in Table 3. The weights (eigen-
vectors) for milk traits ranged from 0.39 to 0.51 in PC1. FCI 
had the greatest weight in PC2, with a value of -0.71. The 
traits with the smallest eigenvectors for PC2 were M150 and 
AFC. The traits with the greatest positive weights for PC3 
were AFC and M60, with values of 0.55 and 0.56, respec-
tively. The greatest eigenvector for W8M was estimated for 
PC3.

Table 4 shows the expected genetic progress for the seven 
traits for the first three PCs and CSI. The expected genetic 
progress for AFC and FCI were negative for the three PCs. 
The expected genetic progress for AFC ranged from -35.02 
d with the selection index based on PC2 (SIPC2) to -50.66 
d with CSI. For FCI, the greatest expected progress was also 
obtained with CSI (-2.22 d). The smallest expected genetic 
progress for FCI (0.78 d) was estimated with the selection 
index based on PC1 (SIPC1). W8M showed greater expected 
genetic gains with CSI (2.27 kg) and SIPC1 (1.08 kg). The 
smallest expected genetic progress for W8M was estimated 

with the selection index based on PC3 (SIPC3) with a value 
of 0.81 kg.

The M60, M150, M210 and M305 had positive expected 
genetic changes with the four selection indexes. The greatest 
expected genetic progress for M60, M150, M210 and M305 
occurred with SIPC3, SIPC1, SIPC3 and SIPC2, respec-
tively, with values of 28.91, 40.64, 131.27 and 236.84 L. The 
smallest expected genetic progress with CSI was for M305.

Discussion

The correlation between AFC and the milk yield traits were 
also negative in an Ethiopian Holstein population, but with a 
value of -0.24 (Ayalew et al. 2017). In other Holstein popu-
lations, Makgahlela et al. (2007) reported a greater nega-
tive correlation between AFC and milk yield with a value 
of -0.43. Hence, an indirect improvement for milk yield in 

Table 2  Linear correlations 
between estimated breeding 
values for the seven traits and 
principal components one 
(PC1), two (PC2) and three 
(PC3)

1 W8M weight at eight months 
of age; AFC age at first calving; 
M60, M150, M210 and M305 
are cumulative first-lactation 
milk yields at 60, 150, 210 and 
305 days, respectively; FCI first 
calving interval

Trait1 PC 1 PC 2 PC 3

W8M 0.55 0.38 -0.47
AFC -0.64 0.16 0.53
M60 0.70 0.24 0.55
M150 0.91 0.09 0.07
M210 0.70 0.43 0.23
M305 0.74 -0.48 -0.14
FCI 0.37 -0.82 0.26

Table 3  Eigenvectors of the 
principal component one (PC1), 
two (PC2), and three (PC3) 
for the seven milk, beef, and 
reproductive traits

1 W8M weight at eight months 
of age; AFC age at first calving; 
M60, M150, M210 and M305 
are cumulative first-lactation 
milk yields at 60, 150, 210 and 
305 days, respectively; and FCI 
first calving interval

Trait1 PC1 PC2 PC3

W8M 0.31 0.33 0.48
AFC -0.36 -0.14 -0.55
M60 0.39 0.20 0.56
M150 0.51 0.08 0.08
M210 0.39 0.38 0.24
M305 0.41 0.42 0.15
FCI -0.21 -0.71 -0.27

Table 4  Expected genetic progress in the first generation using differ-
ent selection indexes in Colombian Simmental cattle

1 SIPC1, SIPC2 and SIPC3 are the selection indexes constructed using 
the first, second and third principal component; CSI conventional 
selection index; W8M weight at eight months of age; AFC age at first 
calving; M60, M150, M210 and M305 are cumulative first-lactation 
milk yields at 60, 150, 210 and 305 days, respectively; FCI first calv-
ing interval

Trait1 SIPC1 SIPC2 SIPC3 CSI

W8M 1.08 ± 0.01 1.03 ± 0.01 0.81 ± 0.01 2.27 ± 0.01
AFC -36.08 ± 0.16 -35.02 ± 0.15 -40.02 ± 0.16 -50.66 ± 0.13
M60 24.50 ± 0.15 22.79 ± 0.17 28.91 ± 0.15 -
M150 40.64 ± 0.33 33.59 ± 0.34 34.47 ± 0.36 -
M210 118.87 ± 0.50 116.66 ± 0.52 131.27 ± 0.47 -
M305 228.18 ± 0.96 236.84 ± 0.89 200.70 ± 1.06 156.26 ± 1.3
FCI -0.78 ± 0.03 -0.83 ± 0.02 -1.03 ± 0.03 -2.22 ± 0.02
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Colombian Simmental cattle could be obtained by reducing 
AFC. Likewise, FCI could be reduced due to the negative 
correlation with AFC. Chin-Colli et al. (2016) reported a 
correlation between W8M and AFC of -0.34, very similar 
to the correlation estimates in this study. Hence, a greater 
W8M would simultaneously reduce AFC and FCI.

The dimensionality data reduction from PCA analysis 
agreed with previous studies that included milk and beef 
traits. For example, Agudelo-Gómez et al. (2015) evaluated 
the EBV for growth, milk yield and age at first calving. In 
that study, the first three PCs explained the 65.78% of the 
total variance. Boligon et al. (2016) explained 79.06% with 
the first three PCs. These differences are given by the cor-
relation of the traits included in the PCA analysis (Meyer 
2007). In Colombian Simmental cattle, the reduction from 
seven traits to three PCs could be caused by the high and 
positive correlation between the cumulative milk yield traits, 
which can also create redundant information in genetic eval-
uations that consider these four traits at the same time as 
selection criteria.

Bignardi et al. (2012) classified Brazilian Holstein ani-
mals according to the eigenvectors for 10 milk traits. The 
greatest eigenvectors for milk yield in the Colombian Sim-
mental population were those of PC1. Thus, according to the 
high and positive correlations between milk yield and the 
PC1, animals with the greatest values in PC1 would have the 
greatest milk yield (Pinto et al. 2006). Then, PC1 could be 
used as selection criteria in a breeding program to improve 
milk yield.

The AFC was well represented by the PC1, but with a 
negative correlation between EBV and PC1 as reported 
by Agudelo-Gómez et al. (2015). Buzanskas et al. (2012) 
found a high and negative association (-0.82) between 
reproductive traits and PC1 in Canchim cattle. Thus, PC1 
would also allow breeders to identify animals with an earlier 
sexual precocity and higher growth rates. Genetic selection 
in Colombian Simmental could use the eigenvectors from 
PC1 to increase farmer economic benefits through higher 
reproductive efficiency and milk production.

The PC2 could also be used to increase the milk yield 
in Simmental cattle. However, FCI was the best trait rep-
resented in PC2 due to its eigenvector and the correlation 
between EBV for FCI and PC2. Additionally, the presence 
of positive and negative correlations between beef and milk 
traits indicates that these traits could have a different genetic 
architecture (Boligon et al. 2016). This must be considered if 
PC2 is used as selection criteria in Colombian dual-purpose 
Simmental cattle, where the main objective is the simultane-
ous improvement of milk and beef production.

For PC3, AFC, W8M and M60 had the greatest eigen-
vectors, which is favourable to improve dual-purpose cattle 
production systems under Colombian tropical conditions. 
Although AFC and W8M are traits related to growth and had 

the greatest weights in PC3, there was not a clear evidence 
to associate PC3 with only growth traits. The inclusion of 
more growth traits such as average daily gain and weights at 
different ages in PCA analyses could clarify the relationship 
between PC3 and growth performance.

The eigenvectors allow researchers to identify those traits 
that possibly could have a greater genetic progress. However, 
the heterogeneity of production systems in Colombia makes 
that process difficult, and the final decision must be sup-
ported by farmers’ economic interests and local environmen-
tal conditions. The PCA analyses weighted traits considering 
the contribution of each trait to the total variance in each PC, 
which could be advantageous in developing countries where 
the estimation of economic weights is not always available.

The SIPC2 was the best index to increase M305, but its 
expected genetic progress for FCI was small. The SIPC2 
as selection criteria should be carefully analysed, because, 
although the heritability for FCI was low, its economic 
impact reported in other studies was up 3.4 times than those 
of milk and beef production traits (Brumatti et al. 2002; Eler 
et al. 2014). Although CSI had the lowest expected genetic 
progress for M305, its economic contribution to farmers 
could be higher than other indexes because of the high eco-
nomic impact of reproductive traits such as AFC.

The SIPC3 generated the second most favourable 
expected genetic progress for FCI, but the worst for W8M. 
Regarding cumulative first-lactation milk yields, the SIPC3 
had the smallest expected genetic progress among all PCs 
selection indexes. However, McManus et al. (2011) showed 
that a decrease in calving intervals by selection does not 
always cause a negative impact on milk yield, but it implies 
that better management would be needed to improve the 
efficiency of the production system. According to the pro-
ductive goals in Colombian Simmental cattle, the SIPC3 
would not be the best option because it yields small expected 
genetic progress for W8M and M305. This is disadvanta-
geous for Colombian dual-purpose Simmental cattle because 
efforts are focused on simultaneously increasing milk and 
beef production.

Selection indexes that considered milk and beef traits in 
Austrian Simmental cattle allowed breeders to get greater 
genetic progress than indexes that only included milk or 
beef traits (Sölkner et al. 2000). In Colombian Simmen-
tal cattle, the SIPC1 had a similar effect, increasing the 
expected genetic progress for W8M and M305. This index 
is an alternative to select animals that would maximize the 
dual-purpose function in Colombian Simmental breed. The 
CSI could also have good results due to the expected genetic 
progress for W8M, AFC and FCI. However, the economic 
benefit from CSI could be affected by the smallest expected 
genetic progress for M305 compared to PCs indexes.

The PCs indexes and CSI are expected to improve milk, 
beef and reproductive traits in Colombian Simmental cattle. 
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This would result in higher economic benefits and biologi-
cal efficiency in the population. A greater indirect expected 
genetic progress could be achieved by implementing CSI. 
This index would shorten generation interval because of its 
greater expected genetic progress for AFC.

The principal component analysis methodology allows 
breeders to construct selection indexes that simultaneously 
improve milk, beef and reproductive traits in Colombian 
Simmental cattle. Selection indexes by principal components 
also yielded greater expected genetic progress for most traits 
than CSI. However, it may not be possible to maximize the 
expected genetic progress for all traits with a single selec-
tion index. Thus, implementation of any of the selection 
indexes by Colombian Simmental farmers should be based 
on maximization of economic benefits from traits included 
in the chosen index.

Acknowledgements The authors thank ASOSIMMENTAL, AGROSA-
VIA, Universidad de Antioquia and GAMMA research group. Addi-
tionally, the first author thanks Universidad de Ciencias Aplicadas y 
Ambientales U.D.C.A and Colciencias (Scholarship No 727 of 2015) 
for financing his studies in the doctoral program in Animal Science of 
Universidad de Antioquia.

Author contribution The work was designed by AA, RM and MCM. 
The statistical analyses involved AA, RM and MCM. The manuscript 
was written by AA and proofread by RM and MCM. All the authors 
read and approved the final version.

Funding This research was supported by the Universidad de Antioquia, 
GAMMA research group, Universidad de Ciencias Aplicadas y Ambi-
entales U.D.C.A, ASOSIMMENTAL, AGROSAVIA and Colciencias 
(Scholarship No 727 de 2015).

Data availability Not applicable.

Code availability Not applicable.

Declarations 

Ethics approval Approval by an ethics committee was not necessary in 
this study as all the records used in the analyses came from an existing 
database and did not involve experiments or procedures with animals.

Conflict of interest The authors declare no competing interests.

References

Agudelo-Gómez, D., Pineda-Sierra, S., Cerón-Muñoz, MF., 2015. 
Genetic Evaluation of Dual-Purpose Buffaloes (Bubalus bubalis) 
in Colombia Using Principal Component Analysis, PLoS ONE, 
10, 7.

Agudelo-Gómez, D.A., Agudelo-Trujillo, J.H., Cerón-Muñoz, M.F., 
2016. Selection index for meat and milk traits of buffaloes in 
Colombia, Livestock Science, 191, 6–11.

Amaya, A., Martínez, R., Cerón-Muñoz, M., 2019. Genetic parameter 
estimates for milk traits in Simmental cattle using genomic and 

polygenic models, Revista de la Facultad de Medicina Veterinaria 
y de Zootecnia, 66, 131-140.

Amaya, A., Martínez, R., Cerón-Muñoz, M., 2020. Genetic parameter 
estimates for growth and reproduction in Simmental cattle from 
pedigree and genomic relationship, Revista MVZ Córdoba, 25, 
1-8.

Aschard, H., Vilhjalmsson, B.J., Greliche, N., Morange, P.E., Trégouët, 
D.A., Kraft, P., 2014. Maximizing the Power of Principal-Compo-
nent Analysis of Correlated Phenotypes in Genome-wide Associa-
tion Studies, American Journal of Human Genetics, 94, 662–676.

Ayalew, W., Aliy, M., Negussie, E., 2017. Estimation of genetic 
parameters of the productive and reproductive traits in Ethiopian 
Holstein using multi-trait models, Asian-Australasian Journal of 
Animal Science, 30, 1550-1556.

Beheshtizadeh, H., Rezaie, A., Rezaie, A., Ghandi, A., 2013. Principal 
component analysis and determination of the selection criteria 
in bread wheat (Triticum aestivum L.) genotypes, International 
Journal of Agriculture and Crop Sciences, 18, 2024-2027.

Bignardi, A.B., El Faro, L., Rosa, J.M., Cardoso, V.L., Machado, P.F., 
Albuquerque, L.G., 2012. Short communication: Principal com-
ponents and factor analytic models for test-day milk yield in Bra-
zilian Holstein cattle, Journal of Dairy Science, 95, 2157–2164.

Boligon, A.A., Bignardi, A.B., Mercadante, M.E.Z., Lobo, R.B., Albu-
querque, L.G., 2013. Principal components and factor analytic 
models for birth to mature weights in Nellore cattle, Livestock 
Science, 152, 135–142.

Boligon, A.A., Vicente, I.S., Vaz, R.Z., Campos, G.S., Souza, F.R.P., 
Carvalheiro, R., Albuquerque, L.G., 2016. Principal component 
analysis of breeding values for growth and reproductive traits and 
genetic association with adult size in beef cattle, Journal of Ani-
mal Science, 94, 1-9.

Brumatti, R.C., Ferraz, J.B.S., Formigoni, I.B., Eler, J.P. 2002. Appli-
cation of a bio-economical model to estimate economical weights 
for traits used in selection index in beef cattle, 7th World Congress 
on Genetics Applied to Livestock Production, 23, 19.

Buzanskas, M.E., Savegnago, R.P., Grossi, D.A., Venturini, G.C., 
Queiroz, S.A., Silva, L.O.C., Torres-Junior, R.A.A., Munari, D.P., 
Alencar, M.M., 2012. Genetic parameter estimates and princi-
pal component analysis of breeding values of reproduction and 
growth traits in female Canchim cattle, Reproduction, Fertility 
and Development, 25, 775-781.

Chin-Colli, R.C., Estrada-León, R., Magaña-Monforte, J., Segura-
Correa, J., Núñez-Dominguez, R., 2016. Genetic parameters for 
growth and reproductive traits of Brown Swiss cattle from Méx-
ico, Ecosistemas y Recursos Agropecuarios, 7, 11-20.

Eler, J.P., Bignardi, A.B., Ferraz, J.B.S., Santana, M.L., 2014. Genetic 
relationships among traits related to reproduction and growth of 
Nelore females, Theriogenology, 82, 708-714.

Falconer, D.S., Mackay, T.F.C., 1996. Introduction to Quantitative 
Genetics. 4th ed. (Pearson. Prentice Hall).

Gaspa, G., Pintus, M.A., Nicolazzi, E.L., Vicario, D., Valentini, A., 
Dimauro, C., Macciota, N.P., 2013. Use of principal component 
approach to predict direct genomic breeding values for beef traits 
in Italian Simmental cattle, Journal of Animal Science, 91, 29–37.

Godshlak, E.B., Timothy, D.H., 1988. Factor and principal compo-
nent analyses as alternatives to index selection, Theoretical and 
Applied Genetics, 76, 352-360.

Hazel, L.N., 1943. The genetic basis for constructing selection indexes, 
Genetics, 28, 476–490.

Kirpatrick, M., Meyer, K., 2004. Direct Estimation of Genetic Principal 
Components: Simplified Analysis of Complex Phenotypes, Genet-
ics, 168, 2295–2306.

Le, S., Josse, J., Husson, F., 2018. Multivariate Exploratory Data 
Analysis and Data Mining, R Core Time, Package “FactoMineR”.

Long, N., Gianola, D., Rosa, G.J.M., Weigel, K.A., 2011. Dimension 
reduction and variable selection for genomic selection: application 



 Tropical Animal Health and Production          (2021) 53:378 

1 3

  378  Page 6 of 6

to predicting milk yield in Holsteins, Journal of Animal Breeding 
and Genetics, 128, 247–257.

Makgahlela, M.L., Banga, C.B., Norris, D., Dzama, K., Ngambi, J.W., 
2007. Genetic correlations between female fertility and production 
traits in South African Holstein cattle, South African Journal of 
Animal Science, 37, 180-188.

McManus, C., Louvandini, H., Carneiro, H.C., Lima, P.R.M., Neto, 
J.B., 2011. Production indices for dual purpose cattle in central 
Brazil, Revista Brasileira de Zootecnia, 40, 1576-1586.

Meyer, K., 2007. Multivariate analyses of carcass traits for Angus cattle 
fitting reduced rank and factor analytic models, Journal of Animal 
Breeding and Genetics, 124, 50–64.

Pinto, L.F.B., Packer, I.U., de Melo, C.M.R., Ledur, M.C., Coutinho, 
L.L., 2006. Principal components analysis applied to performance 
and carcass traits in the chicken, Animal Research, 55, 419–425.

Queiroz, S.A., Pelicioni, L.C., Silva, F.B., Sesana, J.C., Martins, 
M.I.E.G., Sanches, A., 2005. Índices de Seleção para um Rebanho 
Caracu de Duplo Propósito, Índices de Seleção para um Rebanho 
Caracu de Duplo Propósito, Revista Brasileira de Zootecnia, 34, 
827-837.

R Core Time (2020). R: A Language and Environment for Statistical 
Computing [Internet]. Vienna, Austria. http:// www.r- proje ct. org/.

Sölkner, J., Miesenberger, J., Willam, A., Fuerst, C., Baumung, R., 
2000. Total merit indices in dual-purpose cattle, Arch Tierz Dum-
merstorf, 43, 597-608.

Tyriseva, A.M., Meyer, K., Fikse, W.F., Ducrocq, V., Jakobsen, J., 
Lidauer, M.H., Mantysaari, E.A., 2011. Principal component 
approach in variance component estimation for international sire 
evaluation, Genetics Selection Evolution, 43, 21.

Val, J.E., Ferraudo, A.S., Bezerra, L.A.F., Corrado, M.P., Lôbo, R.B., 
Freitas, M.A.R., Paneto, J.C.C., 2008. Alternativas para seleção 
de touros da raça Nelore considerando características múltiplas de 
importância económica, Arquivo Brasileiro Medicina Veterinária 
e Zootecnia, 60, 705-712.

Publisher’s note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

http://www.r-project.org/

	Selection indexes using principal component analysis for reproductive, beef and milk traits in Simmental cattle
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements 
	References


