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ABSTRACT. This study was carried out to investigate (co)variance
components and genetic parameters for growth traits in beef cattle using
a multi-trait model by Bayesian methods. Genetic and residual (co)
variances and parameters were estimated for weights at standard ages
of 120 (W120), 210 (W210), 365 (W365), and 450 days (W450), and
for pre- and post-weaning daily weight gain (preWWG and postWWG)
in Nellore cattle. Data were collected over 16 years (1993-2009), and all
animals were raised on pasture in eight farms in the North of Brazil that
participate in the National Association of Breeders and Researchers.
Analyses were run by the Bayesian approach using Gibbs sampler.
Additive direct heritabilities for W120, W210, W365, and W450 and
for preWWG and postWWG were 0.28 = 0.013, 0.32 = 0.002, 0.31 +
0.002, 0.50 = 0.026, 0.61 = 0.047, and 0.79 £ 0.055, respectively. The
estimates of maternal heritability were 0.32 +0.012, 0.29 + 0.004, 0.30
+0.005, 0.25 +0.015, 0.23 £ 0.017, and 0.22 = 0.016, respectively, for
W120, W210, W365, and W450 and for preWWG and postWWG. The
estimates of genetic direct additive correlation among all traits were
positive and ranged from 0.25 = 0.03 (preWWG and postWWG) to
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0.99 + 0.00 (W210 and preWWG). The moderate to high estimates of
heritability and genetic correlation for weights and daily weight gains
at different ages is suggestive of genetic improvement in these traits by
selection at an appropriate age. Maternal genetic effects seemed to be
significant across the traits. When the focus is on direct and maternal
effects, W210 seems to be a good criterium for the selection of Nellore
cattle considering the importance of this breed as a major breed of beef
cattle not only in Northern Brazil but all regions covered by tropical
pastures. As in this study the genetic correlations among all traits were
high, the selection based on weaning weight might be a good choice
because at this age there are two important effects (maternal and
direct genetic effects). In contrast, W120 should be preferred when the
objective is improving the maternal ability of the dams. Furthermore,
selection for postWWG can be used if the animals show both heavier
weaning weights and high growth rate after weaning because it is
possible to shorten the time between weaning and slaughter based on
weaning weight, postW WG, and desired weight at the time of slaughter.

Key words: Animal breeding; Genetic parameters; Bayesian estimates;
Maternal effects; Zebu

INTRODUCTION

As is well known, genetic variability plays a major role in successful animal breeding
programs, because there is always a need for the best animals to be selected, animals that
are nutritionally efficient and productive. However, the livestock system is complex, because
the important economic traits are all affected by genetic and environmental factors and their
interactions. Thus, once these factors are fitted it is possible to estimate genetic parameters,
which are essential for the design of animal breeding, and it is possible to predict the animal
breeding values and the genetic gain for those selection criteria that have an economic impact
on livestock system.

Traditionally, pedigree-based mixed models (Henderson, 1976) are used to distinguish
signals of genetic merit from environmental noise. Extensions of this method include multi-trait
models (Buch et al., 2011; Lopes et al., 2013; VanRaden et al., 2014) and random regression
models (Karacaoren et al., 2006; Mrode and Coffey, 2008; Boligon et al., 2011; Laureano et
al., 2014). Methods that assist in the estimation of (co)variance components and also help
to increase the accuracy of breeding values are indeed required. Thus, the use of Bayesian
approaches might be a good choice.

The estimation of (co)variance components has been widely and well done using
restricted maximum likelihood methods (Meyer, 1997; Albuquerque and Meyer, 2005;
Malhado et al., 2005; Lopes et al., 2008; Ferreira et al., 2015). However, such methods include
the use of approximations, assume normality, provide approximate confidence intervals for
genetic parameters, and do not estimate the distribution and variance of the estimators. On the
other hand, the Bayesian methods can fix these problems by providing probability intervals
accurately for the estimation of genetic parameters, as data can be correctly distributed a
posteriori, regardless of their extension (Faria et al., 2007; Malhado et al., 2012). Thus, this

Genetics and Molecular Research 16 (3): gmr16039606



Genetic parameters for growth traits in beef cattle 3

study was carried out to estimate genetic parameters and (co)variances for growth traits in
Nellore cattle raised on pastures in the North of Brazil using Bayesian inference.

MATERIAL AND METHODS

It was used records of weight at standard ages of 120 (W120),210 (W210), 365 (W365),
and 450 (W450) days and pre-weaning daily weight gain (preWWG) and post-weaning daily
weight gain (postWWG) of Nellore cattle, born between 1993 and 2009, raised on pasture
in eight farms from Northern Brazil participating in the Brazilian Society of Breeders and
Researchers.

Exploratory analysis was run using Statistical Analysis Systems (SAS, 2004) to
check the consistency of the data and to evaluate the significance of environmental sources
of variation that can affect the traits, such as current farm, season of birth along the years,
classified into two groups [born in the dry season (April-September) and born in the rainy
season (October-March)], and sex and cow age at calving, as coverable. Records with 3.5
standard deviations above or below of the mean were discarded. Contemporary groups
presenting less than fifty animals or sires with less than five offspring were also removed
from the final dataset. It was made a quadratic regression of the weights and the daily
weights gain by the age of dam at calving to evaluate if this coverable should be used in
the genetic analyses. Hence, as shown in Figure 1, the dam age at calving helped to fit all
traits except for the postWWG, which there is no biological explanation for its trend. The
relationship matrix was composed of 68,507 animals.
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Figure 1. Regression of the weights and the daily weights gain by cow age at calving. W120, weight at 120 days
old; W210, weight at 210 days old; W365, weight at 365 days old; W450, weight at 450 days old; preWWG, pre-
weaning daily weight gain; postWWG, post-weaning daily weight gain.
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Genetic analyses were carried out by fitting a model that included the following
effects: age of dam as coverable, sex of the animal coded into two levels (male or female),
the season of birth over the years, and the effect of the management on the farm. To define
the fixed effects included in the contemporary groups (Table 1), the general linear model
procedure was used.

Table 1. Number of records in the data, summary of statistics, and mean square error of source of variation in
the growth traits of Nellore cattle after consistency of the data.

Trait
preWWG W120 w210 postWWG W365 W450

Data structure

No. contemporary groups 125 153 153 109 170 134

No. records 14,685 20,785 20,115 13,096 20,059 16,462

No. of sires 248 562 389 54 285 117

No. of dams 9,565 13,444 12,661 6,491 12,568 9,357
Summary statistics

Mean (kg) 0.760 132.84 192.04 0.390 243.74 286.79

STD (kg) 0.130 19.20 27.54 0.130 36.24 43.24

CV (%) 17.43 14.45 14.34 33.08 14.87 15.08
Source of variation®

Season of birth 1.30 29,419.84 66,429.51 1.36 152,518.85 156,119.13

Herd 221 66,066.56 131,568.29 2.12 247,374.28 370,627.64

Management group 0.22 3,411.68 9,554.69 1.13 43,760.15 78,641.17

Cow age at calving 0.65 32,896.71 29,726.28 0.66 2,099.15 12,023.31
Linear effect 3.84 161,764.58 227,590.97 0.24 65,513.49 46,103.53
Quadratic effect 1.30 29,419.84 66,429.51 1.36 152,518.85 156,119.13

W120, weight at 120 days old; W210, weight at 210 days old; W365, weight at 365 days old; W450, weight at 450
days old; preWWG, pre-weaning daily weight gain; postWWG, post-weaning daily weight gain. *All source of
variation were significant (P < 0.001).

The fixed effects that significantly influenced the growth traits were included in the
subsequent analyses. The maternal permanent environmental effect was included on W120,
W210, and preWWG because they have more significant influence on them. Moreover, this
effect is an environmental source of variation and not a genetic effect; this was not considered
for W365, W450, and postWWG. Therefore, the genetic analysis was run by fitting multi-
trait animal models. In matrix notation, the mixed linear models for W120, W210, preWWG,
W365, W450, and postWWG were:

v=Xp+Za+Z,m+Z,mpe+e with Cov(a, m) = Ao, (Equation 1)

where f represents the fixed effects [contemporary groups (as cross-classified effect) and cow
age at calving (as linear and quadratic effects) as covariates], associated with the observation
(records), vector y by the known matrix X and a, m and mep are the random effect vectors
(direct additive, maternal, and permanent environmental effects) associated with records in y
by the incidence matrix Z,, Z,, and Z,, respectively, and e is the residual vector. Z, does not
contain entries and columns for W356, W450, and postWWG. Thus, for pre-weaning traits,
maternal effects, (m) and (mpe), are present and its covariance was different of zero. Uniform
and Gaussian priors were assumed for fixed and random effects, respectively:
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[ oc constant

a|G,~MVN[0,(4® G, )|

m|G,~MVN[0(4® G, )| (Equation 2)
mpeNMW[O’(]n ® Empe )]

e|R~MVN|[0,(I, ® R)]

mep|E

where 4, G, G, E_ . R, and I are the relationship matrix, direct genetic, maternal genetic,
matemal permanent env1r0nmental residual covariance, and identity, respectively. For
variance components, priors were derivate from inverse Wishart distribution.

G,|S,.v,~Iw(Sv,v,)

S v, ~Iw(S, v, ,v,)
(Equation 3)
mpe | Smpe’ mpe ~ IW(Smpevmpe’ mpe)
R|S. ,v. ~ W(Srvr,v )

where S and v, S andv , Smpe and Ve and S and and v_are a priori values and degrees of
freedom for direct genetic, maternal genetic, maternal permanent environmental, and residual
covariance, respectively.

The analysis was run using the Gibbsf90 program (Misztal et al., 2015). The marginal
posterior distribution for each parameter was obtained by integration of multivariate density
functions, considering one long chain with 1,500,000 iterates. The first discard was 500,000,
and the thinning interval of the chain was 1000. Serial correlations for the Gibbs sampler were
obtained using the GIBANAL software (Van Kaam, 1997). Convergence was checked by
visual inspection of the sample trace plots.

Direct genetic (0 ), maternal genetic (0 ), covariance between the direct and
maternal genetlc (0,,), maternal permanent environmental (0' .),» and residual
variances (O' ) were estimated by the Gibbs2f90 program (Mlsztal et al., 2015). The
follow (co)variance components and parameters were calculated as in W111ham (1972),
phenotypic Varlance for pre weanmg Welght (0‘ = 0‘2 +o‘2 +o, +0‘ +0‘2) post-
weaning weight (0' = a +0' +0,, to ) direct heritability (h2 = 02/0 ,), maternal
heritability (4. = am/ap), genetic correlatlon between the direct and maternal effect
(r,,), and maternal permanent environmental variance as a proportion of the phenotypic
variance (¢ =0, /0)).

RESULTS

Convergence of the chain was observed running the Markov Chain diagnosis tests
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with 1,500,000 iterates. The posterior marginal distributions of the (co)variance component
were accurately estimated, tending to a normal distribution. The symmetrical distributions of
measures of central tendency indicated accurate analysis (Cassela and George, 1992; Silva
et al., 2005). In general, the samples obtained for the genetic correlations showed no wide
dispersion, i.e., the oscillations remained stable, indicating that the burn-in period considered
in the analysis was reliable and allowed convergence of the chain (Gelfand and Smith, 1990).
The mean and its standard deviation (SD) in kg for preWWG, W120, W210, postWWG,
W365, and W450 were 0.760 = 0.130, 132.84 + 19.20, 192.04 + 27.54, 0.390 + 0.130, 243.74
+36.24, and 286.79 + 43.24, respectively.

Posterior means of the genetic and residual correlations and (co)variances among
growth traits are shown in Tables 2 and 3, respectively, and the descriptive statistics of the
posterior distribution for genetic and environmental parameters for weight at standard ages and
pre- and post-weaning daily weight gains are shown in Table 4. The estimates of genetic direct
additive correlation among all traits were positives and ranged from 0.25 £ 0.03 (preWWG
and postWWG) to 0.99 + 0.00 (W210 and preWWG). The correlations of maternal genetic
and direct additive genetic effects were found to be high and positive (Table 2) except for
post-weaning daily weight gain, where we found moderate to high estimates, but negatives.

Table 2. Genetic additive direct and maternal covariances (above the diagonal), correlation (below the diagonal)
and variances (in bold on the diagonal) for growth traits in Nellore cattle from the multi-trait analysis.

Direct Maternal
WI120 W210 preWWG W365 W450 | postWWG | WI20 W210 | preWWG | W365 W450 | postWWG
Direct W120 231.950 389.345 1.779 454.674 | 545.224 0.643 217.924 | 370.380 1.750 | 319.356 | 315.747 | -0.297
w210 0.95 721.801 3312 801.738 | 954.007 0.954 425.392 | 689.062 | 3.254 | 619.403 | 621.379 | -0.428
preWWG 0.95 0.99 0.015 3.618 4.288 0.004 1.964 3.179 0.015 2.887 2913 -0.002
W365 0.82 0.82 0.80 1334.056 | 1660.076 3.570 444.506 | 749.963 3.558 461.049 | 382.880 -1.673
W450 0.77 0.77 0.75 0.98 2149.317 4.976 524234 | 888.212 | 4.226 | 511.988 | 362.727 | -2.339
postWWG 0.33 0.27 0.25 0.75 0.83 0.017 0.402 0.816 0.004 -0.463 | -1.095 -0.008
Maternal | W120 0.89 0.98 0.99 0.76 0.70 0.19 259.826 | 408.674 1.925 379.704 | 384.390 | -0.195
w210 0.95 0.99 0.99 0.80 0.74 0.24 0.99 661.891 3.117 | 602.394 | 608.397 | -0.359
preWWG 0.95 0.99 0.99 0.80 0.75 0.25 0.98 0.99 0.015 2.828 2.848 -0.002
W365 0.81 0.89 0.90 0.48 0.42 -0.14 0.91 0.90 0.90 677.495 | 729.092 0.387
W450 0.72 0.81 0.82 0.37 0.27 -0.29 0.83 0.82 0.82 0.98 824.203 0.739
postWWG -0.29 -0.23 -0.21 -0.67 -0.74 -0.90 -0.18 -0.21 -0.22 0.22 0.38 0.005

W120, weight at 120 days old; W210, weight at 210 days old; W365, weight at 365 days old; W450, weight at 450
days old; preWWG, pre-weaning daily weight gain; postWWG, post-weaning daily weight gain.

Table 3. Residual covariances (above the diagonal), correlation (below the diagonal) and variances (in bold on

the diagonal) for growth traits in Nellore cattle from the multi-trait analysis.

W120 w210 preWWG W365 W450 postWWG
W120 106.846 104.858 0.502 90.341 94.546 -0.045
W210 0.75 181.835 0.880 163.820 166.645 -0.067
preWWG 0.74 1.00 0.004 0.812 0.834 -0.0002
W365 0.59 0.82 0.84 218.919 161.101 -0.014
W450 0.65 0.88 0.90 0.77 199.223 0.132
postWWG -0.15 -0.17 -0.11 -0.03 0.32 0.001

W120, weight at 120 days old; W210, weight at 210 days old; W365, weight at 365 days old; W450, weight at 450
days old; preWWG, pre-weaning daily weight gain; postWWG, post-weaning daily weight gain.

Maternal genetic correlation (r_ ) estimates between all weights and pre-weaning daily

gain were high and positive ranging from 0.82 (W210-W450 and preWWG-W450) to 0.99
(W120-W210 and W210-preWWG). On the other hand, maternal genetic correlations were
low and negative between postWWG and W120 (-0.18), postWWG and W210 (-0.21) and
postWWG and preWWG (0.22). All other estimates were positive (Table 2).
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Table 4. Descriptive statistics of the posterior distribution for genetic and environmental parameters for weight
at standard ages and weight daily gains.

Parameter Mean SD HPD (95%) Time-series SE!

n? 0.2833 0.0134 0.2550 0.3144 0.0002
a(120)

h? 0.3198 0.0022 0.3201 0.3185 0.0000
a(W210)

% 0.3097 0.0023 0.3086 0.3088 0.0000
a(preWWG)

hz( 165 0.4970 0.0257 0.4343 0.5417 0.0005
a(W365)

h? 0.6100 0.0467 0.5121 0.6728 0.0009
a(W450)

h? 0.7910 0.0552 0.6852 0.8744 0.0010
a(postWWG)

h? 0.3177 0.0116 0.2946 0.3385 0.0002
‘m(W120)

h? 0.2933 0.0044 0.2871 0.2973 0.0001
m(W210)

h? 0.2981 0.0046 0.2932 0.3018 0.0001
m(preWWG)

B2 165 0.2508 0.0145 0.2193 0.2947 0.0003
mw

h2 10 0.2320 0.0166 0.2044 0.2846 0.0003
m(W 45

h? 0.2175 0.0162 0.1678 0.2533 0.0003
m(postWWG

o2 0.0020 0.0004 0.0012 0.0034 0.0000
(w120

c? 0.0010 0.0002 0.0006 0.0016 0.0000
(m210)

o2 0.0017 0.0003 0.0010 0.0028 0.0000
(preWWG)

'Time-series SE is the time-series standard error of the component; SD: standard deviation; HPD: high posterior
density interval; ha is the direct heritability; hm is the maternal heritability; ¢* is the maternal permanent
environmental variance as a proportion of the phenotypic variance.

Additive direct heritability ( A j) for weight at 120, 210, 365, and 450 days of age,
and for pre- and post-weaning daily weight gain were 0.28 + 0.013, 0.32 + 0.002, 0.31 +
0.002, 0.50 + 0.026, 0.61 + 0.047, and 0.79 + 0.055, respectively. The estimate of maternal
heritability (/) were 0.32 + 0.012, 0.29 + 0.004, 0.30 + 0.005, 0.25 + 0.015, 0.23 + 0.017,
and 0.22 + 0.016, respectively, for weight at 120, 210, 365, and 450 days of age, and for pre-
and post-weaning daily weight gain. Moderate and high estimates remained fairly similar
to pre-weaning traits and within post-weaning traits, respectively. The estimates of maternal
permanent environmental (c?) for weight at 120, 210, 365, and 450 days of age, and for pre-
and post-weaning daily weight gain were 0.002 + 0.0004, 0.001 + 0.0002, and 0.002 + 0.0003,
respectively (Table 3).

DISCUSSION

Moderate estimates of additive variance were observed for W120, W210, and preWWG.
An average estimate of direct heritability suggests further scope genetic improvement in
weaning weight through mass selection (Table 3). The estimate of maternal genetic effects
was again moderate and explained the importance of the maternal genetics in the expression
of the phenotype of Nellore cattle for growth traits. Estimate of permanent environmental
maternal effect (c*) was considerably very low (0.2% for W120, 0.1% for W210, and 0.2%
for preWWGQ); this indicates that maternal permanent environment although has a role to play
for weaning growth traits, in this study its importance declined after that. Although permanent
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maternal environment effect was very low, it may still have some influence on the expression
of individual’s phenotype as well as can mask effects on pre-weaning such as care and kin or
contemporary competition. Thus, we decide to keep them in the analyses of weaning traits.

The genetic correlations between direct additive genetic and maternal additive genetic
effects were positive. Therefore, selection for direct additive genetic effects would improve the
maternal ability, making it easy to conduct joint selection for pre-weaning traits. Oppositely,
postWWG has shown antagonism with other traits and researchers have cited different reasons
for this negative estimate. Robinson (1996) reported that this occur due to failure to include
some important fixed effects in the model and the inclusion of sire x year interaction in the
model could also lead to a reduction in the negative correlation estimate between the animal
effects. However, this could also indicate greater variation between sires and dams, due to
either a greater genetic variance or confounding environmental effects (Vergara et al., 2009).

The negative values of correlations may also indicate antagonism between the effects
of genes related to growth and the maternal ability and often considered to be a statistical matter
rather than a biological issue in animal breeding (Meyer, 1997; Eler et al., 2000). Antagonism
between the effects of an individual’s genes for growth and those of its dam for a maternal
contribution may also be due to natural selection for an intermediate optimum (Tosh and
Kemp, 1994). As reported by Heydarpour et al. (2008) and Ferreira et al. (2011), the number of
offspring per dam may have increased the dependence between maternal parameters, although
other factors such as the number of dams with records also interfere with these estimates.

The direct heritability estimate for post-weaning weights and daily gains were moderate
to high, indicating the further scope of genetic improvement through selection in these traits.
Estimates of direct heritability as obtained previously for post-weaning live weight by Lopes
et al. (2013) for Polled Nellore cattle were similar to the current estimates. Additive direct
heritability estimates for postWWG was higher than the earlier estimate. The estimate of the
genetic correlation between direct genetic additive and maternal additive effects was from
moderate to high and positive except for postWWG that reflected an antagonistic relationship
with other traits. This antagonistic effect is sometimes hard to explain, and probably the reason
cited before are verisimilar and sufficient to clarify ours results.

The estimates of genetic correlations among all traits were from moderate to high
and positive, indicating a strong genetic association between growth traits. High and positive
genetic correlation as obtained in the present study was earlier reported by Lopes et al. (2013).
Similar high and positive estimates were also reported by Araujo Neto et al. (2011) and Yokoo
et al. (2007) in Nellore cattle.

Low estimates of genetic correlation of pre-weaning traits and postWWG indicate
that selecting for accelerated growth will not have many benefits on post-weaning daily gains.
Genetic correlations of between pre- and post-weaning weights were moderate to high and
positive, suggesting that many of the genetic factors that influence body weight at weaning to
adult age were the same. It also indicated that selecting animals at weaning will have a positive
association with the weight at 15 months. The estimates of maternal genetic correlation
between different traits were usually in line with the estimates of genetic correlation; this
indicated a strong positive maternal genetic association of different growth traits except on
maternal effect for postWWG.

By high genetic correlation of W120 with other traits, it can be said that animals with
above average W210 would tend to be above average in genetic merit for W365 and also to
W450. However, selecting animals at weaning has a drawback of persisting maternal effect at
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that stage. Therefore, in spite of having a positive genetic association of W120 trait with other
traits, such selection criteria cannot be suggested as a criterion for great slaughter weight.
Thus, weight at 120 days of age should be preferred when the objective is improving the
maternal ability of future dams. On the other hand, reduction of the age of selection from 450
to 365 days would be beneficial for Nellore cattle, looking into the strong genetic correlation
between weaning and post-weaning traits.

CONCLUSION

The moderate to high estimates of heritability and genetic correlation for weights and
daily weight gains at different ages are suggestive of genetic improvement in these traits by
selection at an appropriate age. Maternal genetic effects seemed to be significant across the
traits. When the focus is on direct and maternal effects, W210 seems to be a good criterium for
the selection of Nellore cattle considering the importance of this breed as a major breed of beef
cattle not only in Northern Brazil but all regions covered by tropical pastures. As in this study
the genetic correlations among all traits were high, the selection based on weaning weight
might be a good choice because at this age there are two important effects (maternal and direct
genetic effects). In contrast, weight at 120 days of age should be preferred when the objective
is improving the maternal ability of the dams. Furthermore, selection for post-weaning weight
gain can be used if the animals show both heavier weaning weights and high growth rate after
weaning, because it is possible to shorten the time between weaning and slaughter based on
weaning weight, post-weaning weight gain, and desired weight at the time of slaughter.
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