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ABSTRACT

This paper aims to estimate the (co) variances components on the genetic
parameters for growth traits in Nelore Mocho cattle, raised in Cerrado
biome, using Bayesian statistics. The data has been obtained from 48,063
cattle, provenient of Nelore Mocho herd, born from 1987 to 2009,
participant of Breeder and Research Nacional Association’s (ANCP) Nelore
Brazil Program. It has been evaluated the standard weight in 120 (P120),
210 (P210), 365 (P365), 450 (P450) years old, the weight gain from the
birth to the weaning (GPND), and the weight gain from weaning to
yearling (GPDS). The estimates on (co) variances components and genetic
parameters have employed univariate analyses considering the Bayesian
statistics animal model by the MTGSAM (Multiple Trait using Gibbs
Sampler under Animal Model). The estimated values for direct heritability
ranged from medium to high magnitude in standard weights (with range
of 0.23 to 0.33) and the weight gain (0.18 for GPND and 0.24 for GPDS),
for the creates and recreates phase, respectively. These results indicate
that there is genetic variability in Nelore Mocho herd for growth traits,
showing effective genetic growth when using the direct selection of these
features in genetic improvement programs.
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Introduction

The Brazilian beef cattle industry, an outstanding highlight in
agribusiness, with national effective of approximately 212 million cattle,

ranks third in importance. Most of Brazilian cattle is produced in the
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Cerrado, where herding consists of zebu cattle well adapted to tropical
conditions, the Nelore and Nelore Mocho that account for almost 90% of
zebu (Bos indicus) present in Brazil (ABIEC, 2012).

Despite this favorable scenario, the economic agents involved in cattle
meat production and marketing acknowledge the need to improve
productivity levels; therefore, increasing the country's competitiveness in
the international market. However, there are few studies addressing
estimates of genetic parameters for growth traits in Nelore Mocho cattle
(SOUZA et al., 2004; LIMA et al., 2005; MALHADO et al., 2005; SANTOS et
al. 2005), as well as those focusing on cattle in the Cerrado.

Traditionally, the Restricted Maximum Likelihood (REML) method
is the most widely adopted in genetic evaluation programs. Opposing this
trend, several studies employed new methods for obtaining estimates of
(co) variance components and genetic parameters (FARIA et al, 2007).
Among these, there is the Bayesian analysis, made possible by Gibbs
Sampling from the methods of Markov Chain Monte Carlo (MCMC), which
considers the population parameters as random variables and enables
Iintegrating prior probabilities (a priori) in the data, resulting in posterior
probabilities (a posteriori) and consequently better accuracy (VAN
TASSEL & VAN VLECK, 1996).

From the knowledge on estimates of variance components and
genetic parameters for growth traits, new selection indices will be used to
identify superior genotypes in different production systems, accelerating
genetic progress of the cattle herds of Nelore Mocho breed. Thus, this
study aims to estimate the components of (co) variance and genetic
parameters for growth traits in Nelore Mocho cattle bred in the Cerrado

biome by using Bayesian statistics.
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Material and methods

The data set consisted of 48,063 measurements of cattle born between
1987 and 2009, from herds of Nelore Mocho breed, participant in the Nelore
Brazil Program of the National Association of Breeders and Researchers
(ANCP). Those animals have been raised on pasture in the Cerrado biome,
from Brazilian states with the largest continuous areas of this biome, such
as the states of Goias, Minas Gerais, Mato Grosso, Mato Grosso do Sul and
Tocantins.

We have evaluated 48,046 standardized weights at 120 (P120), 39,615
to 210 (P210), 26,752 to 365 (P365) and 22,869 to 450 (P450) days old, in
addition to 27,428 data on weight gain from birth to weaning (GPND) and
22,477 weight gain from weaning to yearling (GPDS). For descriptive
statistical analysis and formation of contemporary groups the Statistical
Analysis System (SAS, 2004) has been used.

In the formation of contemporary groups for the growth traits, the
study has considered grouping the animals born on the same farm, the same
year same birth season, same sex and same management batch. The effect
of birth season resulted into four classes division: animals born between
February and April, from May to dJuly, August to October, and from
November to January, according to the distribution of births that commonly
occur in this biome.

In the database formatting was considered the elimination of groups
with less than four animals. Beyond this restriction, outliers were also
removed, which corresponded to animals with measurements of 3.5
standard deviations from the median of contemporary group. The formation
of contemporary groups resulted in 2,136 groups for characteristic P120;
2,239 to P210; 1,750 to P365; 1,593 to P450; 1,676 for GPND and 1,555 for
GPDS. The relationship matrix included 280,779 animals, at least seven

generations.
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Single-trait analyses were performed using the MTGSAM application
(Multiple Trait using Gibbs Sampler under Animal Model) developed by Van
Tassel & Van Vleck (1996). The animal model is represented in matrix
notation:

v=Xp+Za+Zm+Z,c+e
where ) 1is the vector of observations, g is the vector of fixed effects, a is

the vector of random effects which represent the additive genetic values
from each animal, 71s the vector of random effects that represent the
maternal additive breeding values, C is the vector of uncorrelated random
effects (maternal permanent environment), € the vector of random residual
effects, and X, Z,, Z, e Z; are the incidence matrices relating
observations to fixed effects and maternal and direct additive genetic
random effects and uncorrelated, respectively.

For all growth traits were assumed as fixed effects the
contemporary groups (CG) and the age class at calving (CIVP), while the
latter was divided into: less than or equal to three years, three to four
years; four to five years; five to six years, six to ten and greater than ten.
Note that while carrying on the Bayesian statistics all the effects are
considered random effects.

In implementing the Gibbs sampling, we considered the size of the
initial chain of 300,000 cycles, so that the first 50,000 cycles were discarded,
and sampled every 1,000 cycles; thus, totaling 250 samples. The
convergence criterion adopted was 107?.

To verify the accuracy of the estimates was used the Monte Carlo
method to assess error, obtained by the square root of the value found in the

division of the variance of each feature by the number of samples (VAN

TASSEL & VAN VLECK, 1996).
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Results and discussion

The mean indexes of Nelore Mocho breed, the mean values, standard
deviation, coefficient of variation, minimum and maximum values for
growth traits have been measured and are presented on Table 1.

The result obtained for P120 (126 + 20.11 kg) was similar to those
found in the literature for Nelore, 126 + 20.11 kg by GARNERO et al.
(2001) and 121 kg by SIQUEIRA et al. (2003). The mean value found for
P210 (184 + 29.27 kg) was similar to that found by Conceicao et al. (2005)
and Paya et al. (2007), who worked on standardized weights at 205 days of
age (P205) of Nelore Mocho cattle. In the southwestern state of Mato Grosso
do Sul, Conceicao et al. (2005) evaluated 21,919 animals from 1975 to 2001
and found mean of 181.30 kg. Paya et al. (2007), working on the sub region
of Campinas, found mean adjusted weight of 187.34 kg. According to
Ferreira et al. (2014), the average obtained weights at 205 days of age
(P205) of Nelore cattle reared in pasture in the northern region of Brazil
was 176.08 kg. Sena (2013) found an average of 184 kg for P210 days in
Nelore animals raised in the Amazonia Legal region.

The results observed in this study for the characteristic P365 (238 +
38.64 kg) has also been similar to those found by Paya et al. (2007) and
Ferreira et al. (2014), who highlight a mean value of 269.23 kg and 228.42
kg, respectively. Ferraz Filho et al. (2002) obtained mean value of 221.38 kg
for P365, working on 5,924 observations from animals born from 1981 to
1992 in the Midwest, Northeast and Southeast Brazil. Experiment by
Amaral et al. (2014), carried out on cattle of the Nelore Mocho variety,
belonging to herds located in the region Northeast Brazil, has found an

average weight of 232.90 kg at 365 days of age.
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Table 1. Descriptive statistics of the grow traits 120 (P120), 210 (P210), 365 (P365) and 450
(P450) days of age, weight gain from birth to weaning (GPND) and weight gain from
weaning to yearling (GPDS) in Nelore Mocho cattle, raised on pasture in Cerrado biome.

Trait Mean + Standard Minimum Maximum Coefficient of

Deviation Value Value Variation (%)
P120 (kg) 126 = 20.11 54 292 15.93
P210 (kg) 184 + 29.27 74 316 15.87
P365 (kg) 238 + 38.64 107 517 16.26
P450 (kg) 277 + 46.96 135 589 16.94
GPND (kg) 149 + 28.87 43 274 19.41
GPDS (kg) 88 + 33.03 -43 278 37.61

For P450, the result (277 + 46.96 kg) was similar than those found by
Siqueira et al. (2003) and Sena (2013), respectively, 250 + 44.00 kg and 262
+ 45.50 kg. All these studies used Nelore cattle reared in different Brazilian
regions. The value obtained in this work for the GPND (149 + 28.87 kg) was
similar than that observed by Marcondes et al. (2000), who found a 155 kg
weight gain of Nelore cattle, and the gain of 141.47 kg found by Laureano et
al. (2011) who used records of 128,148 animals from Nelore breed, born
between the years 1984 and 2006, coming from an agricultural company
dedicated to beef cattle breeding, located in the state of Sao Paulo. Studying
animals of Angus breed, Cardoso et al. (2001) found 124 kg weight gain from
birth to 205 days of age.

The GPDS (88 + 33.03 kg) was similar from that found by
Marcondes et al. (2000) and Laureano et al. (2011) who obtained 119 kg
and 100.93 kg, respectively, working on Nelore. Similar values has also
been observed by Cardoso et al. (2004) when evaluated post-weaning
weight gain at 205 days for Angus animals, whose results indicated 72 kg
with 33 kg standard deviation.

When confronted the phenotypic values of GPND and GPDS, there is
a lower weight gain in the growing phase compared to the period from birth
to weaning. These values can be explained due to weaning occurs at the end
of the rainy season. Moreover, much of the period evaluated to estimate the

weight gain from weaning to yearling occurs mainly in the dry season that,
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due to the smaller forage supply and quality reduction, promotes weight loss
in animal rearing. It is found that the coefficient of variation was 37.61% for
the GPDS showing the greatest variation of the phenotypic data, which may
indicate a greater influence of the environmental effect.

When evaluating the posterior distributions of estimates of genetic
parameters for growth, it has been found that the Monte Carlo errors
were low (Table 2) for both the direct heritability and maternal
heritability indicating that the size of the Gibbs chain was sufficient to
obtain accurate estimates of the later means. The Monte Carlo error is
considered small when its value added to the mean estimate of
heritability distribution does not change the value of this estimate to the

second decimal (FARIA et al., 2008).

Table 2. Monte Carlo error estimates of direct and maternal heritability for traits
standardized to 120 (P120), 210 (P210), 365 (P365) and 450 (P450) days old weight, weight
gain from birth to weaning (GPND) and weight gain from weaning to yearling (GPDS) in
Nelore Mocho cattle, raised on pastures in the Cerrado biome.

Trait Monte Carlo Error Estimates
Direct heritability Maternal heritability

P120 0.0012 0.0010

P210 0.0014 0.0008

P365 0.0016 0.0010

P450 0.0018 0.0007
GPND 0.0012 0.0011

GPDS 0.0017 0.0010

The Table 3 shows the estimates of (co) variance components and
genetic parameters for growth traits in Nelore Mocho cattle. It resulted that
the values of mean, mode and median were similar for all parameters
estimated indicating that the posterior marginal distributions tend to a
symmetrical distribution. According to Silva et al. (2005), the symmetry of
the estimates of central tendency is indicative of convergence of Gibbs
sampling chain and an accurate analysis. Convergence is reached when the

cycles to determine each parameter in the Gibbs sampling are repeated
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many times, tending to a stationary distribution in equilibrium (VAN
TASSEL & VAN VLECK, 1996).

Direct heritability estimates for P120 was 0.23, which can be
considered of medium magnitude. However, it proves the existence of
genetic variability in the Nelore Mocho population. Similar estimates have
been found by Gunski et al. (2001), Siqueira et al. (2003), Garnero et al.
(2010) and Sena et al. (2013), who had mean values of 0.27, 0.29, 0.23 and
0.24 respectively for Nelore cattle reared in Brazil. Considering the estimate
of maternal heritability (0.12), mean values were also similar to those of
Siqueira et al. (2003) and Gunski et al. (2001), who found mean average
values of 0.08 and 0.16, respectively, for Nelore cattle by using the Bayesian
inference and working on animals from Nelore breed. Nepomuceno et al.
(2013) has also found similar mean values ranging from 0.12 to 0.19 when
evaluating Nelore cattle reared in pasture in the states of Maranhao, Mato
Grosso and Para.

The mean direct heritability estimated for P210 (0.23) indicated
medium magnitude, similar to that found by Malhado et al. (2005) and
Laureano et al. (2011) and superior to those found by Souza et al. (2004) and
Lima et al. (2005) and Silva et al. (2013). These authors have obtained
values of 0.24, 0.23, 0.16, 0.17 and 0.13 for direct heritability, respectively,
working on Nelore Mocho and using different statistical models and
standardized weights at 205 days of age. In this context, Silva et al. (2012),
evaluated 6,340 animals of Brangus from the south, southeast and center-
west of Brazil and also found values of medium magnitude of 0.24. For
maternal heritability for P210 was estimated the value with lower
magnitude compared to the P120, 0.10 and 0.12, respectively.

The mean estimate of direct heritability for P365 was 0.28, and
accompanied the median values obtained for the characteristic P120 and
P210, unlike maternal heritability that showed lower magnitude, with
range of 0.04 a 0.12. The estimated value for direct heritability P365 was

Vet. Not. | Uberlandia, MG | v.25| n.2 | p.95-111 | jul./dez. 2019 | ISSN 1983-0777 102



Faria, Guimaraes, Gomes, Miguel, Lemos, Pereira, Lobo  Bayesian analysis on the growth traits...

lower than that estimated by Faria et al. (2007). These authors, conducting
studies using the Bayesian analysis and Nelore animals found results of
0.49. Previous studies by Gongalves et al. (2011) and Silva et al. (2013) have
also estimated, for Nelore cattle, higher heritability than those found in this
study for P365. The mean values estimated for direct heritability of P450
had high magnitude, 0.33, the same has been found by Faria et al. (2007)
and Sena et al. (2013).

As shown in Table 3, estimates of direct heritabilities were higher for
growth traits evaluated in the growing phase compared to the traits
assessed in the rearing phase. Consequently, it suggests greater genetic
variability for growth traits at yearling which allows obtaining greater
genetic progress with the selection. Thus, the inclusion of P450 in
developing selection indices for Nelore Mocho cattle reared in the Cerrado

biome is recommended.

Table 3. Estimates of mean (co) variance components and genetic parameters for grow
traits 120 (P120), 210 (P210), 365 (P365) and 450 (P450) days of age in Nelore Mocho cattle,
raised on pastures in the Cerrado biome.

Trait Mean Mode Median Region of credibility (95%)
P120

o> 50.68 49.63 50.33 41.22 a 60.07
o -11.34 -11.69 -11.50 -17.58 a -6.06
o2 26.76 27.08 26.54 20.76 a 34.70
o’ 37.68 37.73 37.68 33.58 a 41.58
o’ 117.00 116.19 116.90 111.61 a 122.30
% 0.23 0.22 0.23 0.19 a 0.27
h2 0.12 0.12 0.12 0.09a0.16
.. -0.31 -0.31 -0.31 -0.43 a-0.18
P21

o> 101.59 100.02 100.41 85.77 a 123.52
o -16.83 -18.61 -16.50 -29.72 a -6.71
o2 44.03 41.76 43.27 34.33 a 55.62
o2 80.09 79.68 79.84 72.60 a 87.44
o’ 216.63 218.12 217.35 205.15 a 226.88
h2 0.23 0.23 0.23 0.20 a 0.27
h2 0.10 0.09 0.10 0.08 a2 0.13
.. -0.25 -0.28 -0.25 -0.39 a-0.11
P365

o2 148.75 143.32 146.91 123.00 a 177.80
o -28.05 -24.44 -26.76 -45.89 a -15.26
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o2 37.55 34.60 36.40 23.90 a 55.49
o2 56.45 53.58 56.62 45.92 2 66.19
O'% 316.36 318.63 316.60 295.39 a 333.45
/‘l2, 0.28 0.27 0.28 0.23 a 0.33
b2 0.07 0.06 0.07 0.04 2 0.10
v, -0.37 -0.35 -0.37 -0.52 a -0.24
P450
o2 203.05 203.62 203.19 167.22 a 242.71
o -34.76 -35.48 -34.35 -53.36 a -19.92
0-2 26.26 27.71 26.93 13.45 a 38.77
G? 50.39 47.83 49.93 39.18 a 62.92
G? 358.34 355.74 357.23 336.63 a 381.79
hz, 0.33 0.33 0.33 0.28 a 0.39
h2 0.04 0.04 0.04 0.02 a 0.06
ro -0.48 -0.50 -0.48 -0.63 a -0.24
J&? = genetic variance components direct additive genetic; Tam = covariance between
2
direct and maternal additive effects; 01?1= direct additive maternal genetic variance; Tapm
2
= maternal permanent environmental variance; J§ = residual variance; hd = direct

2
heritability; hm = maternal heritability and Tam= genetic correlation between direct and
maternal additive effects.

With regard to the characteristics GPND and GPDS, the direct
heritability estimates were of medium magnitude, 0.18 and 0.24,
respectively (Table 4). The direct heritability estimate for GPND was
similar than observed by Cardoso et al. (2001) who used data on weight gain
from birth to weaning in Angus breed animals obtaining a result of 0.25. It
did not occur with the direct heritability estimated by Cardoso et al. (2004)
for post-weaning weight gain of Angus cattle whose value was 0.20. The
results obtained by Laureano et al. (2011) compared the estimates of
maternal heritability of GPND and GPDS, and direct heritability to GPDS
were lower than those obtained in this study, being 0.06, 0.04 and 0.23,
respectively. That same author has obtained a result of 0.21 of direct
estimate of heritability, higher than that found on this study.

Albuquerque and Meyer (2001) reported that with the animal aging
the maternal additive genetic effect decreases, which it has also been
observed in this study on the analysis of the maternal heritability that

decreased with increasing age of animals. However, estimates of maternal
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heritability for growth traits evaluated in the growing phase were not zero,
which proves the influence of maternal effect on the phenotype of growth
characteristics evaluated annually and yearling and therefore, there is need
to include this effect in models of genetic analysis.

The average estimates for components of covariance between direct
and maternal effects were negative for all growth traits evaluated, as well
as the genetic correlation between direct and maternal additive effects,
indicating antagonism between direct and maternal additive genetic effect.

Importantly, since few studies have been found on the estimation of
genetic parameters for production traits in Nelore Mocho cattle and further

research is recommended, given the increased breed population and its

importance to the Brazilian cattle industry.

Table 4 Estimates of mean (co) variance components and genetic parameters for weight

gain from birth to weaning (GPND) and weight gain from weaning to yearling (GPDS) in
Nelore Mocho cattle, raised on pastures in the Cerrado biome.

Trait Mean Mode Median Region of credibility (95%)
GPND
o’ 71.89 74.15 71.84 56.18 a 88.52
o -14.08 -14.90 -14.38 -24.68 a -3.04
o2 40.69 36.17 40.01 28.51 a 55.53
o’ 84.65 85.98 85.14 72.83 a 94.25
o? 223.94 224.24 223.95 214.53 a 235.24
h2, 0.18 0.18 0.18 0.14 a 0.21
72 0.10 0.09 0.10 0.072a0.13
v -0.26 -0.30 -0.27 -0.42 a -0.06
GPDS
o’ 78.80 78.02 78.52 59.85 a 97.60
o -30.01 -27.54 29.11 -43.03 a -20.03
o2 16.77 12.67 15.67 9.92 a 27.85
o2 13.94 13.40 13.89 7.66 a 19.78
o? 241.71 24291 241.54 230.36 a 253.47
h21 0.24 0.24 0.24 0.19a0.30
hé 0.05 0.04 0.05 0.03 a 0.09
v -0.83 -0.84 -0.84 -0.90 a -0.73
J&? = genetic variance components direct additive genetic; Tam = covariance between

2

2
direct and maternal additive effects; Om= direct additive maternal genetic variance; Tapm

2 2
= maternal permanent environmental variance; Oz = residual variance; d = direct
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2
heritability; hm = maternal heritability and Tam= genetic correlation between direct and
maternal additive effects.

Conclusion

This study sought to estimate the (co) variances components on the
genetic parameters for growth traits in Nelore Mocho cattle, raised in
Cerrado biome, in Brazil. By using Bayesian statistics, it comes to
conclusion that the direct heritability estimates were of medium to high
magnitude, indicating the existence of genetic variability for growth traits
in Nelore Mocho cattle. Those statistical results lead to recommend the
inclusion of yearling weight (P450) in the selection indices for Nelore Mocho

cattle, for the improvement of the herd
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Anailise bayesiana para caracteristicas de crescimento em bovinos da raca
nelore mocho criados em bioma cerrado

RESUMO

O objetivo deste estudo foi estimar os componentes de (co) variancia e
parametros genéticos para as caracteristicas de crescimento de bovinos da
raca Nelore Mocho criados em bioma Cerrado, utilizando a inferéncia
bayesiana. As informacées foram obtidas de 48.063 animais Nelore Mocho,
nascidos entre 1987 a 2009, provenientes de rebanhos participantes do
Programa Nelore Brasil da Associagdo Nacional de Criadores e
Pesquisadores (ANCP). Foram avaliadas as caracteristicas de pesos
padronizados aos 120 (P120), 210 (P210), 365 (P365) e 450 (P450) dias de
idade, além do ganho de peso do nascimento a desmama (GPND) e o ganho
de peso da desmama ao sobreano (GPDS). Os componentes de (co)
variancia e parametros genéticos foram estimados por meio de analises
uni-caracteristicas considerando a estatistica bayesiana sob modelo animal
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e utilizando o programa MTGSAM (Multiple Trait using Gibbs Sampler
under Animal Model). Os valores estimados para as herdabilidades foram
de média a alta magnitude para todas as caracteristicas de pesos
padronizados (variando de 0,23 a 0,33) e de média magnitude para as
caracteristicas de ganho em peso (0,18 para GPND e 0,24 para GPDS). As
herdabilidades estimadas indicaram a existéncia de variabilidade genética
para as caracteristicas de crescimento na raca Nelore Mocho, portanto, a
selecdo direta para tais caracteristicas trara progresso genético apreciavel.
Palavras-chave: Bovinos de Corte; Herdabilidade; Selecéo.
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