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ABSTRACT - We aimed to evaluate the effects of sex and the linear and quadratic
components of age of dam at calving, as well as apply a mixed model including maternal
effect for the genetic evaluation of weaning (WW) and yearling (YW) weights. The
phenotypic database was composed by Charolais, Caracu, Aberdeen Angus, and
Canchim purebred and crossbred animals. Single-trait analyses were performed
using models that included the maternal effect for WW and YW traits, and a model
ignoring this effect on YW (YWNM). The Deviance Information Criterion (DIC), model
posterior probabilities (MPP), accuracy of breeding values (ACC), and Spearman’s
rank correlation were applied to compare the models including and ignoring the
maternal effect on YW. Sex and age of dam at calving had significant effects on WW
and YW. The direct heritability estimates were 0.21+0.03 and 0.05+0.02, and the
maternal heritabilities were 0.11+0.02 and 0.02+0.01 for WW and YW, respectively.
The heritabilities estimated for YW may have been influenced by the several genetic
groups in the population and by used conventional animal model, which may not have
been the better fit model to evaluate YW in this population. The DIC, MPP, and ACC
values indicated that YW outperformed the YWNM model, but the rank correlation and
percentages of individuals selected in common suggested that the best animals would
be selected independently of the model chosen.

Keywords: body weight, crossbred cattle, growth traits, maternal effect

1. Introduction

Livestock production is one of the most important activities of Brazilian agribusiness (Silva Neto
and Bacchi, 2014). Brazil has the world’s second largest commercial cattle herd; it is the largest
exporter and the second largest beef producer of the world, according to the United States Department
of Agriculture (USDA, 2019). The genetic improvement has an important contribution for the beef
industry (Moreira et al., 2019). The estimation of traditional breeding values using phenotypic and
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pedigree information to predict breeding values has been very successful in beef cattle, improving the
genetic progress of productive and reproductive traits (Miller, 2010).

Growth traits, such as body weight and initial development measures of calves, are important
parameters for selection (Baldi et al, 2010). The weight traits are easily measured and present
moderate heritabilities, ranging from 0.13 to 0.30 for weaning weight (WW) and from 0.23 to 0.46 for
yearling weight (YW), estimated in Angus, Brangus, Caracu, Canchim, Charolais, and Angus x Nellore
cattle populations, providing reasonable genetic gain over generations (Crews Jr. et al,, 2004; Pereira etal,,
2006, 2008; Aratjo et al,, 2010; Baldi et al,, 2010; Costa et al., 2011; Silva et al., 2012; Mello et al,, 2013).

The birth and weaning weights of calves are influenced by age of the dam at calving (Santos et al.,
2011). According to these authors, the body of the dam undergoes physiological changes throughout
its life, which contribute to a better milk production and maternal ability. The maternal effect, defined
as any influence on progeny phenotype that can be attributed to dam phenotype, such as gestation
and lactation periods, milk production, and colostrum quality, is also an important factor for the
development of calves (Corréa et al., 2006).

The Instituto Agrondémico do Parana (IAPAR) is working on the constitution of a new beef breed called
Purun3, derived from the crossbreeding of Charolais, Caracu, Aberdeen Angus, and Canchim breeds,
to improve the use of different breed qualities in crossbreeding programs.

In this context, we aimed to evaluate the effects of sex and the linear and quadratic components of age
of dam at calving, as well as apply a mixed model including maternal effect for the genetic evaluation
of WW and YW in a composite beef cattle population used to form the Puruna breed. In addition, we
aimed to compare the proposed model with a model ignoring the maternal effect on YW using posterior
based goodness-of-fit measures.

2. Material and Methods

Analyses were performed using data from IAPAR. The population was composed by Canchim,
Aberdeen Angus, Charolais, and Caracu purebred and crossbred animals with different breed
compositions, as well as Puruna individuals. The phenotypic database comprised 6,301 and 5,540
records for WW and YW, respectively. Animals were evaluated according to their contemporary
group (sex; week, month, and year of weaning and yearling) and breed composition assigned for each
individual based on the proportions of Canchim, Aberdeen Angus, Charolais, and Caracu breeds. The
pedigree file included 10,287 animals from six generations, with 2,165 sires, 2,321 dams, and 5,801
animals without progeny, including Canchim, Aberdeen Angus, Charolais, and Caracu purebred and
crossbred animals.

Analyses of variance were conducted using the GLM procedure of SAS software (Statistical Analysis
System, version 9.0) to evaluate the effects of sex and the linear and quadratic components of age of
dam on WW and YW, considering the contemporary group and breed composition effects. Afterwards,
single-trait analyses were performed by Bayesian inference using models including the maternal
effect for WW and YW traits and a model ignoring the maternal effect on YW (YWNM). A multitrait
analysis (2x2) was also performed to evaluate the genetic correlation between the traits. The Bayesian
methodology provides a better description of the genetic parameters through a posteriori marginal
distributions (Madureira et al., 2009).

The general single-trait animal model, in matrix notation, can be written as:
y=Xb+Za+Wm+e, (D

in which y is the vector of WW and YW observations; b is the vector of fixed effects (contemporary
group and breed composition) and covariates (age of dam at calving, with the linear and quadratic
components, birth weight for WW and weaning weight for YW); a is the vector of random direct
additive genetic effects, assuming a~N(0, Ao?), in which A is the numerator relationship matrix
and o? is the additive genetic (co)variance matrix; m is the vector of random maternal additive genetic
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effects, assuming m~N(0, Ac?), in which ¢? is the maternal additive genetic (co)variance matrix; and
e is the vector of residual effects, assuming e~N(0, Ic?), in which I is the identity matrix and o?is the
residual (co)variance matrix; X, Z, and W are the incidence matrices of fixed, direct additive genetic,
and maternal additive genetic effects, respectively.

The bivariate model, in matrix notation, can be written as:

AR | K A AR A

= + + + , (2)
v, 0 X,| |b, 0 Z|]|a, 0 w,||m, e,

in which y, is the phenotypic observation vector for the WW trait; y, is the phenotypic observation
vector for the YW trait; b, is the vector of fixed effects (contemporary group and breed composition)
and covariates (age of dam at calving, with the linear and quadratic components, and birth weight) for
WW; b, is the vector of fixed effects (contemporary group and breed composition) and covariates (age
of dam at calving, with the linear and quadratic components, and weaning weight) for YW; a, is the
vector of random direct additive genetic effects for the i (i = 1,2); m, is the vector of random maternal
additive genetic effects for i e, is the vector of residual effects for the i, assuming ai~N(0, GO®A),
mi~N(0, MO®A), and ei~N(O, R0®1), in which G, M, and R are the direct additive genetic, maternal
additive, and residual (co)variance matrices, respectively; A is the numerator relationship matrix; and

I is the identity matrix; X, Z, and W, are the incidence matrices of fixed, direct additive genetic, and
maternal additive genetic effects for the i, respectively.

The GIBBS1F90 software from the BLUPF90 family of programs (http://nce.ads.uga.edu/) was used
for the genetic analyses, considering a total of 800,000 iterations, with burn-in of 150,000 and thin of
50, resulting in a total of 13,000 samples. The size of the chain was defined according to the Raftery
and Lewis (1992) method, available in the BOA package of R software (R Core Team, 2018). Gibbs post-
sampling analyses were conducted in POSTGIBBSF90 software from the BLUPF90 family of programs
(http://nce.ads.uga.edu/). The variance components and genetic parameters convergence analyses
were assessed by the criteria proposed by Geweke (1992) and by verification of the sampled values.

The Deviance Information Criterion (DIC) (Spiegelhalter et al., 2002) was applied to compare the
models including and ignoring the maternal effect on the YW trait. Considering 6 as a vector containing
the model parameters, the DIC was computed as follows:

DIC=D(g) + 2p,, (3)

in which D(g) is a point estimate of the deviance obtained by substituting the parameters by their
posterior means estimates in the likelihood function and p, is the effective number of parameters in
the model.

The lower DIC estimate represents better fit (Corréa et al., 2009). However, this criterion only expresses
which evaluated model presented the best goodness of fit, being the magnitude of this difference
subjective. Thus, the model posterior probabilities (MPP) were calculated from DIC (Silva et al.,, 2011),

which is given by:
At

A
on( )

tis the different evaluated models (1 = YW and 2 = YWNM)

p(M,|6)=

in which p(M, | 0) is the posterior probability of model ¢ and A, is the DIC difference between model
t and the best model (that presents smaller DIC value). The A, value for the best model is equal to
Zero.

Moreover, after prediction of breeding values, individual accuracies were estimated as follows
(Mrode, 2014):
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2
ACC= [1- (PSD") , (5)
1 o_i

in which ACC, is the accuracy of breeding value for animal i, PSD is the posterior standard deviation
from BLUP equations, and o7 is the additive genetic variance of the evaluated trait.

Spearman’s rank correlation coefficients between the breeding values predicted with the YW and
YWNM models were obtained. Furthermore, the percentage of individuals in common selected at 1, 10,
and 20% based on both evaluated models was compared.

3. Results

Means of 166.00 and 209.16 kg were observed for WW and YW, respectively (Table 1). Sex had a
significant effect on both evaluated traits (P<0.01). Females were lighter at WW (162 kg) and YW
(195 kg) than males (170 and 224 kg, respectively) (Table 2). Age of dam at calving showed significant
linear and quadratic effects on WW and a significant linear effect on YW (P<0.01).

Table 1 - Descriptive statistics of weaning weight (WW) and yearling weight (YW) traits (kg) from a beef cattle

composite population used to form the Puruna breed

Parameter
Trait
Total number Mean SD CV% Minimum Maximum
ww 6,301 166.00 41.31 24.90 80 313
Yw 5,339 209.16 50.53 24.20 120 424

SD - standard deviation; CV - coefficient of variation.

Table 2 - Fixed effects estimates and standard error in parentheses for weaning weight (WW) and yearling weight

(YW) traits from a beef cattle composite population used to form the Puruna breed

Effect Level WW (kg) YW (kg)
Sex Female 162.05 (0.75)b 194.948 (1.06)b
Male 169.91 (0.72)a 223.886 (0.80)a
CH 161.212 (2.20)ab 192.59 (2.54)abc
CA 163.203 (1.76)ab 210.623 (2.21)abc
1/2CH 1/2CA 168.05 (1.80)a 212.256 (2.40)abc
1/4CH 3/4CA 164.7 (3.34)a 199.274 (3.54)abc
3/4CH 1/4CA 169.43 (3.65)a 207.459 (3.95)abc
3/8CH 5/8CA 160.039 (4.37)ab 200.589 (5.28)abc
5/8CH 3/8CA 175.689 (5.25)a 209.658 (5.48)abc
1/3CH 2/3CA 140.364 (8.39)b 187.182 (8.95)c
. 2/3CH 1/3CA 176.16 (8.00)a 219.696 (9.90)a
Genetic groups
AB 154.682 (1.85)ab 184.603 (2.54)c
CN 167.983 (1.66)a 204.871 (2.13)abc
1/2AB 1/2CN 165.653 (1.74)a 207.763 (2.40)abc
1/4AB 3/4CN 170.331 (3.11)a 200.171 (3.44)abc
3/4AB 1/4CN 168.784 (3.66)a 201.181 (4.55)abc
3/8AB 5/8CN 162.424 (3.63)ab 188.071 (3.78)bc
5/8AB 3/8CN 169.8 (4.54)a 197.216 (4.73)abc
1/3AB 2/3CN 173.161 (5.94)a 213.034 (7.91)abc
2/3AB 1/3CN 157.355 (6.40)ab 187.111 (6.59)c
1/4CH 1/4CA 1/4AB 1/4CN 167.421 (0.85)a 217.761 (1.17)ab

CH - Charolais; CA - Caracu; AB - Aberdeen Angus; CN - Canchim.
Estimates with the same letter within trait and effect did not differ significantly (P<0.01).
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The direct and maternal genetic variances were 268.10 and 136.21 for WW, and 31.72 and 11.50 for
YW (Table 3). The direct heritability estimates were 0.21+£0.03 and 0.05+0.02, and the maternal genetic
heritabilities were 0.11+0.02 and 0.02+0.01 for WW and YW, respectively. The direct heritability
estimate for YWNM was 0.06£0.01. The direct additive genetic correlation between WW and YW was
0.85+0.06.

The smaller DIC value was found using the YW model, being the difference in relation to YWNM model
value equal to 16.61 (Table 4). The higher ACC value was observed using the YW model, in which the
estimated ACC,,, and ACC,,,, were 39 and 30%, respectively. Comparing both models, the smallest
DIC value and the highest probability and accuracy values indicate that the YW model is the most
appropriate to estimate the genetic parameters and breeding values for YW.

Spearman’s (rank) correlation between the breeding values predicted with the YW and YWNM models
was 0.99. Many animals in common would be selected using both models. Considering percentage
thresholds of 1, 10, and 20%, the percentage of individuals selected in common were 94, 96, and 97%,
respectively.

Table 3 - (Co)variance components and genetic parameters for weaning weight (WW) and yearling weight (YW)
traits from a beef cattle composite population used to form the Puruna breed

(Co)variance component and genetic parameter

Trait

o’ o2 G h? h?
ww 268.10 136.21 -108.79 0.21+0.03 0.11+0.02
YW 31.72 11.50 0.22 0.05+0.02 0.02+0.01
YWNM 40.13 - - 0.06£0.01 -

YWNM - yearling weight without maternal effect; o2 - direct additive genetic variance; o7 - maternal additive genetic variance; o, - genetic
(co)variance between direct and maternal additive genetic effects; h? - heritability for the direct additive genetic effect; h% - heritability for the
maternal genetic effect.

Table 4 - Deviance information criteria (DIC), model posterior probabilities (MPP), and average accuracy of
breeding values (ACC) for models including (YW) and ignoring (YWNM) the maternal effect on yearling
weight from a beef cattle composite population used to form the Puruna breed

Model DIC MPP ACC (%)
Yw 50,310.84 1.0 39
YWNM 50,327.45 0.0 30

4. Discussion

In the current study, sex had a significant effect on WW and YW traits (P<0.01). Schiermiester et al.
(2015) also reported a significant sex effect on these traits in a composite population represented by
purebred Angus, Hereford, Red Angus, Charolais, Gelbvieh, Simmental, Limousin, and Composite MARC
I1I (1/4 Angus, 1/4 Hereford , 1/4 Pinzgauer, 1/4 Red Poll), corroborating the results found by Alencar
et al. (2009) and Fialho et al. (2015), who evaluated crossbred animals created by crossing Angus x
Nelore and Simmental x Nelore cows and Angus, Bonsmara, and Canchim bulls; and purebred and
crossbred calves derived from Nellore, Brangus, Wagyu, and % Brangus x % Nellore cows, crossed
with bulls of the Aberdeen Angus, Red Angus, Brangus, Nellore, and Wagyu breeds, respectively.

According to Sushma et al. (2006), the weight differences between sexes may be attributed to production
of different hormones and their effects on growth. Souza et al. (2000) reported that, under the same
environmental conditions, males are 10% heavier than females due to the greater weight gain capacity
presented by male calves and their more developed structure. In the current research, males were 8 kg
heavier than females for WW and 29 kg heavier for YW. Males’ and females’ average weights found
were lower than reference standard for ponderal development for Puruna animals in pasture systems
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(175 and 165 kg for WW and 235 and 197 kg for YW, for males and females, respectively), but they
were higher than average weights found in the genetic evaluation of Puruna breed in 2019 (167.30 kg
at weaning for males and 158.39 kg for females) (Santos and Perotto, 2019).

Considering all the population, the average WW (166 kg) was lower than the weights reported by
Barichello et al. (2010) and Moura et al. (2014), similar to that found by Fialho et al. (2015), and higher
than those presented by Fernandes et al. (2002) and Gomes et al. (2013), who reported a WW (kg) of
208.9 (Canchim), 205.0 (Purund), 177.7 (crossbred), 154.8 (Charolais), and 155.9 (Caracu crossbred),
respectively. The average YW (209.16 kg) was greater than the average YW found by Leite et al. (2010)
and similar to the result found by Baldi et al. (2010), who reported YW for Purund and Canchim cattle
of 196.23 and 219.9 kg, respectively. The variation of the analyzed data may be a result of differences in
herd management and breed compositions in the evaluated population.

Regarding age of dams at calving, previous studies have reported its significant linear and quadratic
effects on WW (Santos et al,, 2011; Szabé et al., 2012; Chud et al., 2014; Goldberg and Ravagnolo, 2015),
corroborating the results found in the current study (P<0.01). In addition, Queiroz et al. (2013) found
significant linear and quadratic effects of age of dam on YW gain in a Brangus cattle population, showing
the influence of this parameter on the performance of calves after the weaning period. Similarly, in the
current study, significant linear effect of age of dam at calving was found for YW (P<0.01), which can be
interpreted as a residual effect of this source of variation, since the animal performance after weaning
may be connected to the expression of its own genetic potential for growth.

The maternal genetic variance also decreased when age of calves increased, and its influence
represented 11 and 2.5% of the total phenotypic variation for WW and YW, respectively. In a study
performed by Sarmento et al. (2003) with Nellore cattle, the maternal effect contribution for the
total phenotypic variation until weaning was approximately 45%, decreasing to a maternal effect
contribution of 12 and 0.6% for YW and 18-month weight, respectively. Costa et al. (2011) observed a
decrease in the maternal effect on WW compared with YW in Angus cattle, with an estimated maternal
effect contribution for the phenotypic variation of 23.2 and 11.6% for WW and YW, respectively.

The direct genetic and maternal heritability estimates for WW and YW were of low and medium
magnitude (Table 3). Different heritability estimates for body weights in Charolais, Caracu, Aberdeen
Angus, and Canchim breeds and crossbred animals were found in literature (Crews Jr. et al.,, 2004;
El-Saied et al., 2006; Pereira et al., 2006, 2008; Utrera et al., 2007; Orenge et al.,, 2009; Weber et al., 2009;
Baldi etal., 2010; Costa etal., 2011; Mello et al., 2013). Although several researchers have been studying
body weights in purebred and crossbred beef cattle, as mentioned above, the genetic evaluation for
WW and YW traits in a population including several genetic groups, which is derived from crosses
between Charolais, Caracu, Aberdeen Angus, and Canchim breeds (Table 2), has not been yet reported.

The direct (0.21) and maternal (0.11) heritabilities estimated for WW were consistent with
specialized literature. According to literature reports, direct and maternal heritabilities for WW ranged
from 0.13 to 0.43 and from 0.01 to 0.25, respectively, in purebred and crossbred cattle populations
(Pereira et al., 2006, 2008; Costa et al., 2011; Haile et al,, 2011; Lukaszewicz et al., 2015; Schiermiester
et al., 2015; Torres-Vazquez and Spangler, 2016). Previous studies with purebreds, used to form the
Puruna breed, have reported heritability estimates close to those of the current study. In studies with a
Canchim, Charolais, and Angus cattle populations, direct and maternal heritabilities estimated for WW
were 0.23 and 0.09, 0.23 and 0.17, and 0.24 and 0.07, respectively (Orenge et al., 2009; Weber et al.,
2009; Baldi et al., 2010).

The YW and YWNM models resulted in genetic parameter estimates inconsistent with specialized
literature. The direct heritability estimates for YW and YWNM (0.05 and 0.06, respectively) were lower
than the results found in Canchim (0.23 and 0.46), Angus (0.43), and Caracu (0.36) breeds (Pereira etal,,
2008; Baldi etal., 2010; Costaetal., 2011; Mello et al,, 2014). The maternal heritability estimated (0.02)
for YW was close to heritability described in studies with purebred and crossbred cattle populations
(0.03 and 0.05) (Baldi et al., 2010; Haile et al., 2011; Schiermiester et al., 2015). However, there are
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no reports in literature of studies evaluating a cattle population with several genetic groups derived
from crosses between Charolais, Caracu, Aberdeen Angus, and Canchim breeds as the current study
(Table 2). According to Canaza-Cayo et al. (2018), different factors can influence the genetic parameter
estimates such as population size, analysis model, evaluated traits, and others. Previous studies found
heritability estimates higher in a smaller population than the current study (Pereira et al., 2008; Mello
et al.,, 2013). Thus, we could assume that the population size was appropriate to estimate the genetic
parameters for YW. The heritabilities in the current study may have been influenced by the different
estimates of direct and maternal genetic variances, which may be affected by the heterogeneity of the
population, composed by several genetic groups used in crossbreedings with different heterosis levels.

Heterosis effects has immense importance in the performance of crossbreeds in many production
systems (Schiermiester et al.,, 2015; Otto et al., 2018; Prastowo et al., 2021). Although the genetic basis
of heterosis is still a subject of investigation, its effect is difficult to quantify. Thus, heterozygosity, which
represents the proportion of heterozygote genotypes in the population, may be a useful indicator
and has been often used to evaluate the degree of heterosis (Akanno et al., 2018; Iversen et al,, 2019;
Prastowo et al.,, 2021). According to Queiroz et al. (2013), heterozygosity has a significant effect on
performance traits in Brangus animals and its inclusion in the model may improve prediction accuracy
(Raidan et al.,, 2018). Therefore, heterozygosity should be included in models for estimation of genetic
parameters and breeding values of crossbred animals (Schiermiester et al., 2015; Raidan et al.,, 2018;
Iversen et al,, 2019). Although the benefits of using the heterozygosity effect on growth traits have
been well documented, given the limitations of our data, we were not able to include it in the model to
evaluate WW and YW in the current population.

The genetic groups in the evaluated population can be a problem to fit the analysis to a conventional
animal model. Thus, the used model may not have been the better fit model to evaluate YW in this
population, influencing the heritability estimates. Besides the inclusion of heterozygosity effect
on the model, the multiple-breed evaluation can be an option to improve the estimation of genetic
parameters and breeding values in a composite population. To evaluate crossbred and purebred
individuals in one analysis, differences in breed composition, as additive and nonadditive effects and
heterogeneous variances, should be included in the genetic evaluation to allow a better estimate of
animals with two or more breeds in their pedigree (Cardoso and Tempelman, 2004; VanRaden et al,,
2007,2011). Ribeiro et al. (2019) described that in a multiple-breed population, the breed composition
of the evaluated progeny can influence the parameters and breeding values of the sires. According to
Cardoso and Tempelman (2004), a multiple-breed animal model represents a viable alternative to
conventional animal model for multiple-breed genetic evaluations. These authors found superior fit
for multiple-breed animal model evaluating simulated data and inferences for additive heritabilities
substantially different in a Nellore-Hereford population. Moreover, a meta-analysis showed that direct
and maternal breed and heterosis effect estimated using crossbreeding study data can supplement
the direct prediction in a multibreed evaluation (Williams et al., 2013). Although the multiple-breed
evaluation can be an alternative to evaluate YW, to better understand their genetic architecture in the
evaluated composite population, this analysis requires a much larger number of variance components
to be estimated and it is computationally more complex, besides presenting multicollinearity problems,
and thus may be cumbersome for practical applications (Cardoso and Tempelman, 2004; Bueno et al.,
2012; Prestes et al., 2019).

Direct additive genetic correlation between WW and YW (0.85+0.07) was lower than the 0.90 estimate
described by Baldi et al. (2010) and Costa et al. (2011) in Canchim and Caracu animals, respectively,
and higher than the 0.84 estimate reported in an Angus cattle population (Pereira et al., 2008). The
estimated genetic correlation suggests that genetically superior animals for body weight at weaning
will also be superior at a later age. In this context, the selection for higher weight at young ages may
result in increased YW.

Regarding the YW and YWNM model comparation, according to Corréa et al. (2009), the lower DIC
estimate represents better fit. The DIC values (Table 4) indicate that the YW model presented better
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fit. Moreover, Spiegelhalter et al. (2002) stated that to be considered as different the evaluated models
must have differences in DIC ranging from 3 to 7. The DIC difference value found in the current study
(16.61) was higher than these reference values, indicating the superiority of YW over YWNM. The MPP
and average ACC of breeding values of each model was also calculated. The accuracy increased in 9%
using the YW model, showing that this model allowed predicting breeding values more accurately
than YWNM. Furthermore, the highest MMP was observed in YW model, supporting the superiority of
this model over YWNM.

The Spearman’s correlation found in the current study (0.99) suggests that the association between
the classifications of the individuals evaluated using the YW and YWNM models is high. The observed
percentages of common selected individuals in both models confirm this result, in which approximately
96% of animals were selected using the three evaluated percentage thresholds (1, 10, and 20%). Based
on these results, we can infer that the model used (YW or YWNM) had a small effect on the identification
of the best animals, resulting in the selection of the best animals using both models. Thus, both models
were efficient to predict the genetic breeding values of animals in this population. On the other hand,
based on the average ACC results, choosing the YW model would result in greater accuracies and less
bias associated with the estimates.

5. Conclusions

The current study provides information on weaning weight and yearling weight traits of a composite
population used to form the Puruna breed. The genetic parameters for yearling weight provided
by models including and ignoring the maternal effect are inconsistent with specialized literature.
The heritability estimates for yearling weight may have been influenced by the heterogeneity of the
population, composed by several genetic groups, and by using a conventional animal model ignoring
the heterozygosity effect, which may not have been the best fit model to evaluate the yearling weight
in this population. The values of Deviance Information Criterion, model posterior probabilities, and
accuracy of breeding values indicate that the yearling weight outperforms the model ignoring the
maternal effect on yearling weight (YWNM), but the rank correlation and percentages of individuals
selected in common suggest that the best animals would be selected independently of the model
chosen.
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