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Summary

Colombian Brahman is the most common breed in beef cattle farms of Colombia. Genetic
evaluations for this breed have previously been made with a traditional pedigree-based
approach. Currently, genomic selection evaluation models integrate genome-wide Single
Nucleotide Polymorphism (SNP) data and exploit the Linkage Disequilibrium (LD) between
SNPs and Quantitative Trait Loci (QTL). The objective of this study was to implement a
genomic evaluation and to estimate the accuracy of genomic predictions of weight traits
recorded in the Zebu Brahman cattle breed. Records for birth weight and age-adjusted
weights at 4, 7, 12 and 18 months of age were obtained from 37 Brahman herds in three
different regions of Colombia. Genotyping was performed using the Bovine Genomic profiler
GGPHD 80K BeadChip and IndicusLD-GGP (20K). A single-trait mixed model was
implemented for estimation of breeding values using ssGBLUP. Direct heritabilities for the
traits analyzed ranged between 0.24 and 0.47, while the maternal heritabilities ranged
between 0.15 and 0.21. The average accuracies ranged from 0.25 to 0.51 for GEBV and from
0.22 to 0.45 for PEBV. Overall, GEBV had higher accuracies than PEBV for all traits
analyzed. The percentage of the accuracy improvement obtained in the accuracies from
PEBV to GEBV ranged between 11.2 and 14.3% for all traits. Results from the present study
indicate that is possible to improve the accuracy of breeding values in Brahman cattle,
increasing the impact of breeding programs for this breed in Colombia. Further research is
required using larger datasets that allow including a larger training population and other Zebu
breeds such Nellore, Gyr and Guzerat, which are breeds extensively used in tropical beef
farms in the Americas.
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Introduction

Animal breeding has experienced a revolution through the evaluation and selection of animals
based on genome-wide single nucleotide polymorphism (SNP) data (Pryce et al., 2012).
Genomic selection can exploit the linkage disequilibrium (LD) between SNP and quantitative
trait loci (QTL) (Bolormaa et al., 2013). The use of highly dense panels of SNP covering the
entire genome is made under the assumption that all QTL are in LD with at least one SNP
(Meuwissen et al., 2001; Hayes et al., 2009). The prediction of a breeding value for a
particular trait can be made by the sum of the estimated effects of all SNP genotypes of a
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selection candidate (e.g. the direct genomic value). For this, a regression of phenotype on
SNP genotypes is implemented to capture the genetic effect of QTL (Neves et al., 2014).

In Colombia, Zebu breeds and their crossbreeds account for more than 80% of beef-
producing herds in the low tropics in Colombia. The Brahman population in Colombia
consists of an estimated 14 million females with 1.6 million animals that have a recorded
pedigree. Variance and covariance components for traits such as birth weight, weight gain and
ultrasound traits have not been estimated in this population using genomic information
(Martínez et al., 2016). Inclusion of genomic data for the prediction of breeding values in
breeds such as Charolais and Nellore have improved the accuracies obtained for important
traits in beef herds (e.g. weight, growth and carcass traits) (Gunia et al., 2014; Neves et al.,
2014).

The aim of the present study was to perform a genomic prediction and to estimate the
accuracy of genomic predictions for weight traits in a Brahman cattle population in
Colombia, estimating accuracies and predictive abilities.

Material and methods

Cattle population and phenotypes

The data for this study included records from 35 Colombian Brahman herds and were
provided by the Colombian Association of Zebu breeders (ASOCEBU). The herds were
located in three different agro-climatic zones: the Atlantic region (11 herds), the Andean
region (14 herds) and the Orinoquia region (10 herds). Animals were grazed on local pastures
and received mineral supplementation. The traits analyzed were birth weight (BW) and age-
adjusted weights at 4 (W4M), 7 (W7M), 12 (W12M) and 18 (W18M) months of age. The
number of records and the descriptive statistics for these traits are shown in Table 1. The
genealogical database included 85,000 individuals over seven generations.

Table 1. Number of records (N), mean, standard deviation (SD), minimum and maximum
values for the birth weight (BW), and the weights at 4, 7, 12 and 18 months of age (W4M,
W7M, W12M and W18M, respectively) in Colombian Zebu Brahman.

Trait N Mean SD Min Max

BW  105784 33.06  3.60  19 68

W4M 14743 135.24 20.53 80 159

W7M 105771 198.31 25.99 143 266

W12M 12404 257.46 25.47 205 340

W18M 10215 317.96 38.60 257 461

Genotypes and quality control

A total of 1665 animals were genotyped. Genotyping was performed using the Bovine
Genomic profiler GGPHD 80K (74000 SNPs) BeadChip and IndicusLD-GGP (20K)
(GeneSeek, Lincoln, NE) in the Molecular Genetic Laboratory of Corpoica. Quality control
and SNP data pruning were performed using PLINK software (Purcell et al., 2007). Briefly,
unplaced SNPs, duplicated or those located on the sex chromosomes were not considered for



the analysis. SNPs with call rates lower than 0.9 (1047), MAF < 0.05 (5102) and
monomorphic (1278) were also discarded, and finally the effective number of SNPs for the
analysis was 69522 (93%).

Population structure and imputation

Genetic relationships and population structure caused by regions or herds were initially
evaluated using principal component analysis (PCA) with the R software (R Core Team,
2015). The imputation from low density genotypes (<20K) to 74K was carried out with the
FImpute software V.2.2 (Sargolzaei et al., 2014), taking advantage of both family and
population information directly. In order to test imputation accuracy, individual genotypes
from the denser panel were systematically reduced to the 20k panel, and newly imputed
genotypes were compared. The reference population included all animals born before 2012
(N=1015), while the validation population included the animals born after 2012 (N=650).

Genomic prediction

A single-trait mixed model was implemented for estimation of breeding values:

y = Xb +Zu +Zm+ e

where, y is the vector of observations for BW, W4M, W7M, W12M or W18M; b is the vector
of fixed effects (region, herd, year, season, mating, sex, birth order); u is the vector of random
additive genetic effects; m is the vector of maternal genetic effects; X and Z are incidence
matrixes; e is the vector of random residuals.

Initially, the BLUP animal model considering the pedigree relationship matrix was performed
using BLUPF90. Subsequently, a ssGBLUP (Aguilar et al., 2010). This method integrates the
genomically derived relationship matrix (G) with population-based pedigree relationships
matrix (A) into a combined relationship matrix (H) for genomic selection in a single step
(Legarra et al., 2009).

Validation of genomic prediction

The genomic estimated breeding values (GEBV) obtained using single step GBLUP were
initially compared with estimated breeding values using a traditional genetic evaluation based
on the pedigree (PEBV) using a Pearson correlation. In order to estimate the predictive ability
for this initial reference population, the phenotypic information from youngest females and
their offspring was eliminated and EBV for this group were calculated using both genomic
information (gEBV) and genomic and phenotypic information (gpEBV). Subsequently, a
Pearson correlation between the gEBV and gpEBV was estimated..

Results and discussion

Population structure and imputation

Considering the variance proportion explained for the two first principal components
(1.71%), and no particular individual clustering, the PCA evidenced a low level of population
stratification between individuals (Figure 1). This is in agreement with a previous genetic



characterization of Colombian Brahman cattle using microsatellites markers that found no
genetic sub-structure in the population analyzed, which was attributed to the high rate of
animal migration among regions (Gómez et al., 2013). The Brahman cattle population in
Colombia represents at least 50% of the individuals in Colombia (Martínez et al., 2016), and
a dramatic genetic material exchange (mainly semen) between different regions and herds
might explain a reduction of genetic differentiation across the whole population in the
country.

Figure 1. Principal components analysis in Colombian Brahman using genomic data.

The median value obtained for accuracy of imputation was 0.97. From the validation
population, only 11 animals were found as outliers, with values between 0.90 and 0.94. The
average percentage of correctly imputed SNPs (PCI) was 97.7%, with only 11 animals
showing a PCI lower than 85%. This indicates a high efficiency of the imputation process
applied to the genotypes obtained with the 20k bead chip. This result along with the no
stratification the linkage disequilibrium (LD) between SNPs and quantitative trait loci (QTL)
observed in the population, allowed us to implement cost-efficient genotyping
strategy for genomic evaluation of new individuals.

Variance components analysis

Variance components for the traits analyzed are shown in Table 2. Direct heritabilities
for BW, W7M and W12M were similar to those obtained by Schiermiester et al.
(2015) in several beef cattle breeds (0.42, 0.22 and 0.39, respectively). Kutz et al.
(2017) found higher heritabilities for BW (0.75), W7W (0.60) and W12W (0.85) in
Beefmaster cattle. On the other hand, direct heritabilities for W7W and W12W in the
present study (0.30 and 0.24, respectively) were lower than those found by
(Dodenhoff et al., 1998) in Hereford cattle (0.45 and 0.47, respectively). Maternal
heritabilities for the traits analyzed in the present study were higher than those
obtained by Dodenhoff et al. (1998) (0.10 and 0.09 for W7W and W12W,
respectively) and Schiermiester et al. (2015) (0.05 for BW and W12W).



Table 2. Direct (hd) and maternal (hm) heritability values for growth traits in Colombian
Brahman breed using a model with direct and maternal effects.

Trait hd hm r

BW m 0.47 0.21 -0.73
W4M 0.30 0.18 -0.59
W7M 0.24 0.15 -0.70
W12M 0.38 0.20 -0.76

W18M 0.36 0.17 -0.76

Genomic prediction

Accuracies of PEBV and GEBV for each trait are shown in Figure 2. The average accuracies
ranged from 0.25 to 0.51 for GEBV and from 0.22 to 0.45 for PEBV. There are few studies
on accuracies of genomic predictions for weight traits in beef cattle. In Charlolais, Gunia et
al. (2014) found GEBV accuracies of 0.33 and 0.40 for BW, and 0.42 and 0.45 for weaning
weight, using the 777K and 50K beadchip, respectively. In Nellore cattle, Neves et al., (2014)
found empirical accuracies for genomic predictions using GBLUP methods that ranged from
0.27 to 0.28 for weight gain from birth to weaning and from 0.53 to 0.56 for weight gain
from weaning to yearling. An improvement of accuracy can be achieved through the use of
Bayesian methods; however, the genetic architecture of a trait should be fully considered
when a genomic selection method is chosen (Wang et al., 2015). The accuracy of genomic
prediction for production and functional traits in the Brahman population in Colombia might
be improved by the implementation of Bayesian methods. However, it is important to note
that for some traits, accuracies of genomic prediction have better results with GBLUP. For
instance, in the study of Neves et al., (2014), Bayesian methods increased the empirical
accuracy for weight gain from birth to weaning by 35%. However, GBLUP was 9.5% more
accurate than Bayesian regressions for weight gain from weaning to yearling.

GEBV had higher accuracies than PEBV for all traits analyzed. The accuracy of GEBV was
particularly higher for BW than for other traits and is higher than the accuracies reported for
BW in other studies (Gunia et al., 2014; Neves et al., 2014). There was a larger number of
records for this trait in the present study, which allows for a better estimation of variance
components. Additionally, traits with a high heritability tend to give greater accuracies than
average (Bolormaa et al., 2013), which is in agreement with the results obtained for BW in
this study. Low accuracies of GEBV are frequently obtained for functional traits with low
heritabilities. Several factors might have affected the accuracy of GEBV for the production
traits analyzed, including a possible weak relationship between the validation and reference
populations. Several efforts for data pruning and validation have been done in order to
increase the pedigree connectivity, however, commercial strategies as well the high
proportion of bulls used in farms do not allow deep pedigree connections even at the regional
level. This could have had an important effect on the genomic prediction in the Brahman
population analyzed, as the highest accuracies for GEBV were obtained with a close
relationship of these two data sets. Indeed, information from distant relatives is significant to
achieve higher accuracies of GEBV, which does not occur when pedigree-based methods are
used (Clark et al., 2012).



Figure 2. Average accuracy of genomic estimated breeding values of Colombian Brahman
cattle

The percentage of the accuracy improvement obtained from PEBV to GEBV ranged between
11.2 and 14.3% for all traits. Gunia et al. (2014) found a similar improvement in the accuracy
of PEBV to GEBV for weaning weight using the 50K beadchip (12.5%) and a lower
improvement when upgrading from PEBV to GEBV using the 777K beadchip (5.0%).
However, in the case of birth weight, no improvements in the accuracy were found when
upgrading from PEBV to GEBV, but a decrease in the accuracy of genomic prediction for this
trait was observed instead (Gunia et al., 2014). The use of genomic data improved the
relationships between individuals, and any correction on the pedigree information will result
in a benefit for future estimations and consolidation for genomic predictions. Other strategies
can increase the accuracy of GEBV, for instance including genotypes of proven bulls from
another cattle breed, genotypes from the same breed but from other country or genotypes
from cows with their own records (Jenko et al., 2017). Other factors that can affect the
accuracy of GEBV are the size and type of the training population, and the breed of the
population analyzed (within or across breed) (Bolormaa et al., 2013). A possible method to
improve the accuracies in the Brahman population of Colombia could be the implementation
of other strategies to split the animals into the reference and validation populations, this in
order to keep the connectivity of genotyped animals. Further research is required using larger
datasets that allow including a larger training population and other Zebu breeds such Nellore,
Gyr and Guzerat, which are breeds extensively used in tropical beef farms in the Americas.

Validation of genomic prediction

The correlation between GEBV and PEBV as well as the correlation between their accuracies
were higher than 0.80 for all traits analyzed (Table 3). The predictive abilities measured
through the correlation between gEBV and gpEBV were high, ranging between 0.72 for
W12M and 0.73 for W4M and W18M. The actual structure of the database and pedigree
allows for obtaining of accurate estimations based on connectivity and completeness.
Nonetheless, considerations for SNP density and allele frequencies could have a better impact
on predictability capacity (Porto-Neto et al., 2013; Zhu et al., 2017). Predictive abilities
might be affected by the complex nature of the traits studied, with similar results across
models when the traits are affected by many small-effect loci (Fernandes Júnior et al., 2016).



Table 3. Correlation (r) between genomic estimated breeding values (GEBV) and
estimated breeding values using a traditional genetic evaluation bas
ed on the pedigree (PEBV), and their accuracies (acc).

Trait r GEBV, PEBV r acc GEBV, PEBV

W4 0.88 0.92

W7 0.89 0.92

W12 0.83 0.87

W18 0.84 0.89

Table 4. Correlation (r) between genomic estimated breeding values calculated for youngest
females and their offspring without phenotypic information (gEBV) and including phenotypic
information (gpEBV) and their accuracies (acc).

Traits r gEBV, gpEBV r acc gEBV, gpEBV

W4M 0.73 0.97

W7M 0.74 0.93

W12M 0.72 0.95

W18M 0.73 0.96

Conclusion

The genomic architecture of the Colombian Brahman population analyzed revealed no
genetic stratification. Direct and maternal heritabilities for the weight traits analyzed were
moderate to high. The use of genomic information improved the prediction of breeding
values for production traits in the Brahman breed. The predictive ability of genomic breeding
values obtained in this population was high, which would allow for the selection of younger
animals on their estimated genomic breeding values for productive performance and then
reduce the generational interval and accelerate the genetic progress for these traits in the
Brahman cattle population in Colombia.
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