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ABSTRACT: Selection indices are used in gen-
etic improvement programs, with the purpose 
of  selectins simultaneous for several econom-
ically important traits. The objective of  this 
study was to construct equations for selection 
indices in the Blanco-Orejinegro (BON) breed 
and to determine the index that would generate 
the greatest genetic progress. The information 
used included birth weight (BW), body weights 
adjusted to 120, 240, 480, and 720  days old 
(W120, W240, W240, 480 and W720, respect-
ively), age at first calving (AFC) and interval 
between first and second calving (IBC) esti-
mated breeding values. Two Smith and Hazel 

indices were calculated using variances (I1) and 
literature (I2), with a part two indices designed 
using information from experts and breeders 
(I3 and I4). All the indices favored the reduc-
tion of  weight at birth. The I1 focused mainly 
on W120 and I2, I3 and I4 focused on 720. In 
general, the estimated indices obtained similar 
reliability and expected genetic differences I1 
generated a decrease in direct BW. I2 generated 
the largest increases in BW and AFC. I3 and 
I4 generated positive changes in growth and re-
productive traits, with I3 generating the greatest  
genetic gains in the population, especially for 
W240.
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INTRODUCTION

Currently, a number of  distinct local Creole 
cattle breeds are found throughout the Americas. 
Creole cattle show great phenotypic heterogen-
eity and have adapted to a wide range of  envir-
onments with few human interventions. Blanco 
Orejinegro (BON) has been recognized as a 

landrace cattle breed with a broad geographical 
distribution and that has adapted to a wide range 
of  environments, from the high Andean region 
to the harsh conditions in Colombian tropical 
regions (Martínez et al., 2013). The animals have 
a pigmented epidermis and mucous membranes 
and dark hooves and horns, with hair that is 
completely white or white evenly combined with 
some black, while the hairs on the ears are black. 
There is also a variety of  animals with white hair 
on the body and blond hair on the ears (Gallego 
et al., 2012).
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The increasing popularity of the BON cattle 
breed is encouraging farmers to select animals with 
better productive performance for traits of eco-
nomic interest, prioritizing the genetic improvement 
of body weights adjusted to 240, 480, and 720 days 
(W240, W480, and W720, respectively) and repro-
ductive traits. Therefore, it is necessary to establish 
adequate selection criteria to identify the individ-
uals that make positive genetic contributions since 
poor genetic gain have been documented for some 
growth traits in this breed (Gallego et al., 2006).

Genetic selection in farm animals is a com-
plex process that seeks to generate the greatest 
genetic progress for several traits in a popula-
tion based on the identification of  superior in-
dividuals. The most efficient way to achieve 
this goal is to use selection indices that allow 
assessing genetic values for various traits and 
combining them with their economic values, 
thus classifying individuals with a single figure 
and facilitating selection (Marques et al., 2012; 
Stanojević et  al., 2015). For example, Boligon 
et  al. (2018) showed positive and favorable 
direct genetic changes for the traits growth and 
reproductive in Nellore cattle when using selec-
tion indices.

Smith (1936) and Hazel (1943) introduced the 
concept of the selection index by combining gen-
etic and economic information. This concept is 
also referred to as desired gain (Pesek and Baker, 
1970). This methodology uses phenotypic and gen-
etic correlations to calculate a single number that 
represents the added genetic value of each animal 
(Ochsner et  al., 2017), thus simplifying and opti-
mizing selection by multiple characters (Ramirez 
et al., 2020). The objective of the present study was 
to propose selection indices with different weights 
to be used in the BON breed that maximize genetic 
progress for various productive and reproductive 
traits.

MATERIALS AND METHODS

Animals and Data

Estimated breeding values for birth weight 
(BW), body weights adjusted to 120, 240, 480,  
and 720  days old (W120, W240, W240, W480, 
and W720, respectively), age at first calving 
(AFC) and interval between first and second 
calving (IBC) of  13,612 BON animals were 
used, of  which 719 were sires and 3675 were 
dams. The herds included pure animals from 

the Colombian Corporation for Agricultural 
Research - AGOSAVIA and 24 private farms in 
several Colombian regions.

The database belongs to the AGROSAVIA 
National Genetic Improvement Program under 
the guidelines of the Colombian Ministry of 
Agriculture and Rural Development (Resolution 
000327-2018 and contract 003 of 1994, accepting 
the Convention on Biological Diversity of 1992). 
The information provided by the AGROSAVIA 
databases was obtained from routine farm manage-
ment activities based on the International Animal 
Registration Committee.

Selection Index

For the construction of  the indices, the direct 
genetic (G) and phenotypic (P) (co)variance 
matrices by Ramirez et al. (2020) were considered, 
which use a polygenic-genomic model for BW, 
W120, W240, W480, and W720. Ramírez et  al. 
(2020) estimated the variance components by the 
maximum restricted likelihood method based on 
a multitrait animal model (Corbeil and Searle, 
1976; Harville, 1977) using the AIREMLF90 
package (Tsuruta, 2014) of  the BLUPF90 pro-
gram system of  the University of  Georgia 
(Misztal, 2006; Misztal et  al., 2018), including 
the genotype information of  917 animals with 
50,932 SNPs per animal. The standard errors 
of  the additive variances were low, between 0.03 
(for BW) and 4.11 (for W720), and the standard 
errors of  the heritabilities and correlations were 
close to zero.

The G and P matrices for BW, W120, W240, 
W480, and W720 were:

G =




2.44 2.01 2.91 6.22 8.27
52.87 44.77 58.08 57.93

sym

123.99 148.74
238.19

154.68
266.62
339.54




P =




7.66 2.01 2.91 6.22 8.27
180.89 44.77 58.08 57.93

sym

432.38 148.74
629.00

154.68
266.62
857.76




The indices did not include maternal genetic effects. 
They also did not take into account reproductive 
traits because it was not possible to include these 
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traits in the multitrait model due to convergence 
problems. The indices were constructed according 
to the methodology proposed by Hazel (6), where:

I = b1X1 + . . .+ bnXn, with Xi  =  genetic 
values of the animal for BW, W120, W240, W480, 
and W720.

 bi = regression coefficient for the ith trait, given 
by: b = P−1Ga. The value ai = weights of traits, 
representing the weighting of the relative contri-
bution of each trait to production efficiency, and 
estimated in four different ways (indicated with 
asterisks):

a∗ =

ÇÄ
1

σfn

ä
�Ä

1
σfP240

ä
å

σfn = phenotypic standard deviation of the n trait.
σfP240  =  phenotypic standard deviation of the 
W240 trait.

The value of the W240 trait was set to one. The 
values of the other traits were calculated as rela-
tive values. W240 was selected because it is a rele-
vant trait for farm systems dedicated to breeding or 
fattening. In addition, it was considered by farmers 
and technicians to be the most important trait.

For a∗∗, parameters estimated in the litera-
ture based on bioeconomic models under similar 
management systems (grazing and extensive sys-
tems and full productive life cycle) were used. The 
economic values obtained by Júnior et  al. (2006), 
Brumatti et  al. (2011), Moreira (2015), de Souza 
(2016), Macneil (2016) were averaged and expressed 
in US dollars.

a∗∗∗ was constructed from 23 surveys of farmers 
and experts (researchers who worked on the studied 
race) familiar with the BON breed who were asked 
to strictly order (from 1 to 5) the five weight traits 
by importance for the system production of BON 
cattle, as follows: 1 for the most important trait and 
5 for the least important. a∗∗∗ was calculated as 
follows:

a∗∗∗ = Ct/Cn

Ct = number of traits (5)
Cn = assigned position (1, 2, 3, 4, or 5).

a∗∗∗∗ was constructed from 23 surveys of 
farmers and experts familiar with the BON breed 
who were asked to assign a score between 1 and 
10 to the weight traits, where 1 is an unimportant 
trait and 10 is a very important trait. In this case, 
the traits could have the same score. a∗∗∗∗ was 
calculated as:

a∗∗∗ = An/At

An = assigned score (1, 2, 3,… 10)
At = total score

The a estimates for each trait are presented in 
Table 1.

The equation proposed by Cameron (1997) was 
used to calculate the reliability of the (rI) index, 

where rI =
»

b´Ga
a´Ga . The expected genetic differences 

for each trait (∇G; kg) were also estimated as fol-
lows: ∇G = b´G√

b´Pb . The relative efficiency (ER) of 
each index was estimated based on the value relative 
to I1. For all the indices, the BW was considered 
negative because it seeks to reduce birth weight.

Pseudosimulation Processes

Psudosimulation processes of  mating between 
sires and dams with a uniform distribution were 
carried out to observe, under seven possible selec-
tion scenarios, the changes in the traits included in 
the index and the maternal genetic effects of  BW, 
W120 and W240 and the AFC and IBC traits. The 
breeding values were estimated, and the genetic 
values were estimated using the variance compo-
nents of  Ramírez et al. (2020). The variance com-
ponents, heritabilities, and genetic values AFC and 
IBC were previously estimated in a bitrait model. 
The fixed effects for each trait were contemporary 
groups: farm, season, and year of  birth for AFC or 
year of  parity for IBC. The seasons were formed 
according to the region’s rainfall regime as fol-
lows: Dry  =  December, January, February, June, 
July, and August; Rainy  =  March, April, May, 
September, October, and November. The herit-
ability estimated was 0.13 ± 0.05 for two-trait and 

Table 1. Economic weighting (a) for growth traits in BON cattle

Trait 1/σfn
a∗ a ∗ ∗ a ∗ ∗∗ a ∗ ∗ ∗ ∗

Birth weight 0.361 −7.51 −0.48 −1.57 −0.53

Weight adjusted to 120 days 0.074 1.55 0.11 2.39 0.50

Weight adjusted to 240 days 0.048 1.00 0.33 4.39 0.73

Weight adjusted to 480 days 0.040 0.83 0.25 3.30 0.72

Weight adjusted to 720 days 0.034 0.71 0.94 3.30 0.76

σfn, Phenotypic deviation; a∗, relationships of variances; a ∗ ∗, bioeconomic references and information from experts (a ∗ ∗∗ and a ∗ ∗ ∗ ∗).
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genetic and phenotypic correlations of −0.92 and 
−0.24, respectively.

The seven scenarios were no selection (S0), the 
best animals with a breeding value for W240 only 
(I240) and W720 only (I720), and scenarios where 
selection was performed from the proposed indices 
(I1, I2, I3, and I4).

For this, the individuals in the simulated gen-
eration were chosen for each index using selection 
intensities of 5% for males and 50% for females. 
The pairings were simulated by randomly assigning 
a bull to each cow. Genetic values were generated 
for the progeny as the average of their parents’ 
breeding values for all traits (productive and repro-
ductive). The pseudosimulation process for each 
scenario was repeated 200 times.

The indices were then compared by means of a 
duality diagram relating the genetic values for each 
trait in each index using the ade4 library (Dray and 
Dufour, 2007) of the R-project statistical program 
(R Core Team, 2018). This allowed us to predict the 
variation in genetic values, in terms of standard de-
viations for each trait from the application of each 
selection criterion.

RESULTS

In the case of the survey of producers and ex-
perts for a***, the descending order of importance 
was W240, W480, W720, W120, and BW. In the 
surveys for a****, the average scores of the producers 
and experts in descending order were 7.58 ± 1.89 
(W720), 7.33  ± 3.29 (W240), 7.20  ± 2.2 (W480), 
5.33 ± 2.82 (BW), and 4.95 ± 2.25 (W120) points.

The estimated regressors for the different a 
values are presented in Table 2, and the ∇G values 
are presented in Table 3. The estimated ERs were 
100.21, 99.15, and 99.40 for I2, I3, and I4, respect-
ively. The I2 index had the highest estimated ER 
(100.2), while I3 had the lowest ER (99.15). rI  was 
0.66 for the four proposed indices.

In the comparisons of the seven simulated sce-
narios in the genetic changes caused after the simu-
lation process, only I3 and I4 were not significant 
(P > 0.05) for AFC, IBC, BWm, and W480. The 

duality diagram (Figure 1) shows growth and re-
productive trait changes (in standard deviations) 
resulting from the application of selection criteria. 
When no selection (S0) was conducted, growth 
traits and both direct and maternal effects de-
creased and reproductive traits increased.

DISCUSSION

The weight obtained in the BW characteristic for 
I1, I3, and I4 were similar to those obtained by Faid-
Allah and Ghoneim (2012) using different method-
ologies. Brumatti et al. (2011), using a bioeconomic 
model with five characteristics, weighted weight at 
weaning and the weight at 18 months as the least 
relevant within the index. In the Beefmaster breed, 
Ochsner et al. (2017) weighted the weaning weight 
as the most important within the index and found 
that W720 represented a negative economic impact 
for the evaluated systems. In Colombia, Amaya 
et al. (2020), using a bioeconomic index, found that 
the W240 and IBC were the most important in the 
Simmental production systems. These results show 
how the importance of the growth characteristics 
varies due to the selection objectives, the character-
istics, and economic values, indicating the import-
ance of the estimation of the indices according to 
the production systems.

All the indices favor the reduction of weight at 
birth. I1 focuses mainly on weight gain at 120 days, 
contrary to I2, I3, and I4, since these indices priori-
tize weight at 720 days. I1 could be used in herds 
where the main objective is the rearing of calves 
or the production of dams with good maternal ap-
titude. In accordance with what was proposed by 
Emanoela et al. (2015), the early relationships be-
tween the dam and calf  have an important effect on 
the survival of the calf, in addition to being a good 
indicator of the production ability of the cow due 
to the high effect that this has on the weight of the 
calf  at this stage (Kamei et al., 2017). I2, I3, and 
I4 prioritized increases in W480 and W720 and a 
reduction in CFA, aspects related to sexual preco-
city and entry to reproductive life (De León et al., 
2019), although the IBC was increased.

Table 2. Estimated regressors for growth traits used in the construction of selection indices in BON cattle

Trait I1 I2 I3 I4

Birth weight −3.73 −0.22 −2.16 −0.48

Weight adjusted to 120 days 0.77 −0.07 0.56 0.12

Weight adjusted to 240 days 0.32 0.14 1.55 0.26

Weight adjusted to 480 days 0.37 0.25 1.54 0.34

Weight adjusted to 720 days 0.34 0.33 1.69 0.37

I1…I4 = selection index with four desired changes.
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In general, the estimated indices obtained 
similar rI  and ER values. The ∇G results were 
similar for I3 and I4. I1 was the only index that 
generated a decrease in BW. The I2, I3, and I4 in-
dices resulted in a positive ∇G for all traits. I2 gen-
erated the largest ∇G for BW, W480, and W720. I3 
generated the greatest change in W240. The con-
trasts in ∇G with the different indices were small. 
The ∇G generated by the different indices in W120, 
W240, W480, and W720 agreed with what is de-
sired in bovine production systems, where it is im-
portant to identify breeders that transmit greater 

growth capacity since it has a direct relationship 
with farm income (Verde, 2008; Urdaneta, 2009; 
Quiceno et al., 2012). Higher-income results in im-
proved business profitability by producing animals 
with a higher weight in a shorter time at lower costs 
(Brown et al., 1976; Bergamasco et al., 2001).

Our results show a small ∇G for BW; therefore, 
this trait is expected to remain with little variation. 
There is a high and positive genetic correlation 
between BW and calving difficulty. According to 
Inoue et al. (2017), the risk of calving difficulty in-
creases by 1% for every kg increase in calf  weight at 

Table 3. Expected genetic differences in selection indices for growth traits in BON cattle

Trait I1 I2 I3 I4

 ∇G

Birth weight −0.15 0.24 0.21 0.21

Weight adjusted to 120 days 4.24 2.01 2.83 2.84

Weight adjusted to 240 days 6.45 6.59 7.04 6.89

Weight adjusted to 480 days 8.74 10.04 9.89 9.94

Weight adjusted to 720 days 9.77 11.99 11.48 11.59

I1…I4 = selection index with four desired changes. ∇G = Genetic change (kg).

Figure 1. Duality diagram between birth, 120, 240, 480, and 720 days’ weight (BW, W120, W240, W480, and W720, respectively), age at first 
calving (AFC), the interval between first and second calving (IBC), and the maternal genetic effects of BW (BWm), W120 (Wm120), and W240 
(Wm240), with genetic values of progeny obtained by no selection (S0), W240 only (I240), W720 only (I720), and Hazel selection indices (I1 to 
I4) in Blanco Orejinegro cattle pairings. Genetic gain order for W240 (red color). Blue features require positive deviations and red features require 
negative deviations to be improved in the genetic program of the breed.
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birth. Therefore, maintaining BW can eliminate the 
risks of calving problems.

According to our results, the least favorable scen-
ario was S0, in which the genetic values of all traits 
were unfavorably modified. In scenario S0 (without 
the selection of breeders), the progeny showed a re-
duction in growth traits and increases in AFC and 
IBC. In the scenario where breeders were selected con-
sidering the genetic value at W240, increases in AFC 
and IBC were observed, indicating that if selection is 
conducted only for weight at 8 months (weaning age), 
reproduction will be affected, even if greater genetic 
gain at W240 and BW reduction are achieved.

The I3 and I4 scenarios resulted in the greatest 
balance for the traits, with the I3 index having the 
greatest change in W240. For this reason, I3 is the 
recommended index for use in genetic programs 
aimed at improving the BON breed.

CONCLUSION

The selection index with desired change values 
of −1.57, 2.39, 4.39, 3.30, and 3.30 for BW, W120, 
W240, W480, and W720, respectively, allows us to 
obtain the best genetic gains in a genetic improve-
ment program for the BON breed. This informa-
tion will allow BON cattle producers to compare 
breeders with a single value, selecting the breeder 
with the greatest genetic progress.
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