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ABSTRACT - A total 0f 204,912 records of birth weights up to 550 days of age, of 24,890 Nellore cattle, offspring of 375
sires and 16,917 dams from five herds in the state of Mato Grosso, Brazil, were used in order to describe the variability of the
weight development by random regression models. The model evaluated as the most suitable used the covariance function of
fourth order to describe the variability of the effects of additive genetic, animal permanent environmental and maternal effects
of third order to describe the maternal genetic effect, with four classes of residual variance. Heritability estimates ranged from
0.18 to 0.46 from the beginning of trajectory to 210 days of age, from 0.45 to 0.48 post-weaning to 365 days of age and from
0.47 to 0.57 at later ages. The values of additive genetic correlations for different ages showed higher estimates between the
closest ages, while birth weight was not very related to the weights at older ages. The body weight performance of the animals
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has additive genetic variation to respond to selection.
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Introduction

The state of Mato Grosso, Brazil, has beef cattle as one
of the strongest point of its economy, holding the largest
effective herd among Brazilian states (IBGE, 2010).

Even with the numerical expression of Mato Grosso
in the Brazilian livestock, there are few studies on the
estimation of variance components or parameters for traits
related to the performance of body weight in beef cattle,
and neither are there studies on the adoption of random
regression models involving only records of weight
performance of Mato Grosso, so little is known about the
behavior of the genetic variability of Nellore cattle in that state.

Traits correlated with the performance of body weight
such as live weight at different ages may be considered
with continuous variation over time. In this situation, some
interest in the use of random regression models has been
observed because these models describe the behavior of
variance components along the growth line; they estimate
and predict the parameters and genetic values anywhere on
the growth line, in addition to identifying the phases of growth
of the animal where there is the greatest genetic variability to
trigger changes in the growth curve of the animals.

Received December 29, 2011 and accepted November 12, 2012.
Corresponding author: araujocv@bol.com.br

Furthermore, the use of random regression models
allows for the accurate assessment to increase, since
pre-adjustments such as age-standardized weights are
not necessary and it is possible to use all the available
information on weights and with the appropriate covariance
(Meyer, 2005).

The use of random regression models in records of
beef cattle is present in Cyrillo (2003), Mercadante et al.
(2002), Nobre et al. (2003) and Sakaguti (2003) in the
Nellore breed and also by Dias et al. (2006) in Tabapua
animals, all employing different degrees of adjustment for
the covariance function in the description of the random
effects of the models.

The objective of this study was to describe the genetic
variability and to estimate genetic parameters for the body
weight of the Nellore animals raised in the state of Mato
Grosso, by using the random regression model identified as
the most suitable.

Material and Methods

Records of information of weights from birth to 550
days of age of animals of Nellore breed, offspring of 375
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sires mated with 16,917 dams, resulting in 24,890 offspring
from five herds in Mato Grosso state, participants of the
Nellore Breeding Program - Nellore Brazil of the Brazilian
Association of Farmers and Researchers were used in this
study.

The birth months were grouped in two seasons: the
dry season, which corresponded to the months of lowest
rainfall, that is, from April to September and the rainy
season, months of the highest rainfall (from October to
March). Contemporary groups were generated comprising
fixed effects of herd, year and season of birth and sex
of the animal. The age of the cow at calving (average of
74.88+£37.40 months of age) was used as a covariable,
adjusting to the linear and quadratic effects.

The random regression model used to obtain the fixed
and random solutions adopted the Legendre polynomial
function with different degrees, as follows:

y=Xb+Zio+Zy+ W0+ Wyp+e

where y = vector of observations for the live weight of
the animal at different ages; b = vector of fixed effects
that included parameters of fixed curve of the growth
trajectory, the effect of contemporary group, in addition to
the linear and quadratic effects of the cow at calving as
covariable; o = random vector of genetic additive direct
regression coefficients; Yy = random vector of mother
genetic regression coefficients, & = random vector of
animal permanent environmental regression coefficients; and
p = random vector of maternal permanent environmental
regression coefficients; X, Z , Z,, W, and W, are incidence
matrices corresponding to b, a, y and p, respectively. The
assumptions associated with the model were defined as:

a K,®4 0 0 0 0
v 0 K,®4 0 0 0
5 |~N@OVLV = 0 0 K,®I, 0 0
p 0 0 0 K,®1, 0
e 0 0 0 0 R

Where K, K,,, K, KQ = matrices of the coefficients
of the covariance functions for the direct additive genetic,
maternal genetic, animal permanent environmental effect
and maternal permanent environmental effects, respectively;
A = matrix of the relationship between individuals; I = an
identity matrix; Na, Nm = numbers of animals with records
of live weight and number of mothers, respectively; and
R = diagonal matrix containing the residual variances.
The matrix of the numerators of inbreeding coefficients
(NRM) used in the analyses was obtained from the file with
pedigree containing 50,540 different animals.

The Legendre polynomial degree used in the functions
of covariance for description of fixed average curve setting
as well as in the description of the random effects of the

model ranged from one (equivalent to the simple model
of repeatability) to five. Classes of residual variance were
composed ranging from one (homogeneous residue) to six
(heterogeneous residual variances), arranged as follows:
from birth to 60 days; 61-120 days; 121-200 days; 201-300
days; 301-400 days; and from 401 to 540 days of age.

The comparison between models with polynomial degrees
and with different residual classes was performed using the
Akaike Information Criterion (AIC) (Wolfinger, 1993).

Results and Discussion

The results for the values of the Akaike Information
Criterion ranged from 357,221.90 (for the model that
considered only the first Legendre polynomial) to
298,482.40 for the model considered the most appropriate
to describe the genetic and environmental variability of the
line of weight development of the animals, i.e., the model
that used covariance function of fourth polynomial order
to describe the variability of direct genetic random, animal
permanent environmental and maternal permanent effects
and also with function of covariance of the third polynomial
order to describe the variability of the maternal genetic
effect and residual variance from four classes. Classes of
residual variances were composed of periods from birth to
60 days (15.40 kg?); 61 to 200 days (61.34 kg?); 201 to 300
days (214.87 kg?); and 301 to 540 days of age (321.46 kg?).

The results show that the description of variation of
random additive genetic and environmental effects are
more complex, since they overcome changes throughout
the trajectory, requiring polynomials of higher degree,
when compared with the variation of the maternal genetic
effect.

Santoro et al. (2005) found that the best model
presented covariance functions with degree five, but with
homogeneous error.

Estimates of components of direct additive genetic,
animal permanent environmental and phenotypic variances
(Figure 1) showed very similar behavior patterns,
characterized by increased variance with the advance in
age, especially in post weaning.

Estimates of variance for maternal genetic and maternal
permanent environmental effects presented increase before
205 days of age, remaining practically constant at older
ages (Figure 2).

The variances concerning these random effects
contributed little in magnitude to the composition of the total
variance, indicating little influence of the maternal effect
on the variability of the weight in the offspring. Greater
variation of the maternal genetic effect is observed during
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Figure 1 - Direct additive genetic (va), animal permanent
environmental (vp) and phenotypic (vt) variances
throughout growth trajectory of the animals.

suckling, remaining with larger and constant variances
in the post-weaning. Behaviors similar to the pattern of
direct additive genetic and maternal variances and animal
permanent environmental and maternal covariances were
observed by Albuquerque & Meyer (2001), Nobre et al. (2003)
in Nellore breed and by Dias et al. (2006) in Tabapua breed.

The variance from the animal permanent environmental
effect exhibited behavior similar to direct additive genetic
variance, indicating that the repeatability of body weight
is high. On the other hand, the maternal permanent
environment effect had little influence on the variability of
the growth trajectory of the animals. A contributing cause
for this behavior is the low number of offspring per mother,
which makes the estimation of this component along the
growth trajectory of the animals a difficult task.

The variance estimates of the temporary environment,
arranged in four classes, clearly indicated the distribution
of that effect throughout the development of weight at
birth, weaning, weaning year and yearling year, confirming
the presence of heterogeneity of variances along the
trajectory. Major variances of this effect were observed
for the weights at older ages, but with higher estimates of
additive genetic variance, providing increased heritability
estimates at these ages.

The consequence of the behavior of the variances of
random effects (Table 1) reflects moderate heritability
estimates from birth until the age of pre-weaning (0.18 to
0.22), with moderate to high values of heritability estimates
of weight from weaning to 365 days of age (0.21 to 0.48)
and high heritability estimates of weight from 365 to 550
days of age (0.47 to 0.58), similar to the behavior observed
for the direct additive genetic variance.

It can be inferred from the estimates obtained for direct
heritability that there was a necessary and sufficient additive
genetic variability for achieving a significant genetic gain
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Figure 2 - Maternal additive genetic (vam) and maternal permanent
environmental (vpm) variances throughout growth
trajectory of the animals.

when the selection is made based on information from the
individual itself of age at weaning.

Cyrillo (2003) also observed a lower heritability
estimate at the beginning of the growth path with higher
estimates at yearling (0.09 and 0.40, respectively). Nobre
et al. (2003) estimated heritability in Nellore ranging from
0.14 (birth) to 0.27 (683 days of age), with similar estimates
obtained by Santoro et al. (2005), also in Nellore and by
Dias et al. (2006) in Tabapua breed. Opposite behavior was
observed by Valente et al. (2008) with higher heritability
estimates for weight at 90 days of age (0.33) and the lowest
estimates (0.12 to 0.16) after 250 days of age.

The estimates of heritability indicate good accuracy
for a favorable selection to weight performance of animals
from weaning to yearling. High heritability at such ages
associated with the high phenotypic standard deviations
show good responses of genetic gain at these ages.

The maternal heritability estimates showed low
values during suckling, becoming practically zero at other
ages, suggesting low efficiency in selection for increased
maternal ability.

The estimates obtained in this study indicate increasing
maternal influence up to 210 days of age. Therefore,
despite the low magnitude, greater response to selection for
maternal ability can be expected with the selection made
based on weights obtained close to weaning.

Table 1 - Estimates of direct (h?) and maternal heritability (h? )
for weight of Nellore animals at different ages

Age (days) h? h?
1 0.20 0.01
120 0.45 0.11
210 0.46 0.12
365 0.48 0.04
450 0.56 0.03
550 0.57 0.02
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It is important to consider that selection for maternal
ability should result in females with higher genetic potential
for milk production, because this trait is the main component
of maternal effects (Hohenboken, 1985). Attention should
be drawn to the fact that there is antagonism between milk
production and deposition of muscle tissue in the carcass.
Thus, exacerbated selection for maternal ability leads
to negative effects on growth rate, besides favoring the
increase in energy requirements for maintenance of the
matrices.

Similar behavior was verified by Cabrera et al.
(2001). On the other hand, higher maternal heritability
estimates for yearling weights from birth were observed by
Nobre et al. (2003).

The values of additive genetic correlations for body
weight at different ages in the growth trajectory of the
animals (Table 2) show major genetic associations between
the closest ages, while the birth weight appeared not to
be very correlated with the weights at other ages, which
is interesting from an economic point of view, since it is
desirable to maintain the average weight at birth near the
average value stipulated for the breed. Thus, selection for
increased weight at weaning or yearling would not lead to
unfavorable correlated responses regarding the selection of
bulls for facilitating calving.

In general, selection for a particular weight during or
after weaning would cause positive response on weight
gain at other ages.

There was an overlapping behavior with the largest
value of eigenvalue associated with the first eigenvector
from the matrix of random regression coefficients of the
direct additive genetic effect, which alone accounted for
about 90% of the total variation, indicating that the selection
made for weight gain at any ages is the same as raising the
weight in all other ages. Behavior similar to that was found
in Meyer (2003).

Santoro et al. (2005) also found low genetic correlations
between weight in early ages and weight at the final ages in
the growth trajectory.

Table 2 - Phenotypic correlations (above the diagonal) and additive
genetic correlations (below the diagonal) for weights of
animals at different ages (days)

Ages

Ages

1 120 210 365 450 550
1 0.35 0.37 0.33 0.33 0.27
120 0.34 0.87 0.64 0.61 0.59
210 0.28 0.96 0.73 0.67 0.68
365 0.31 0.85 0.90 0.93 0.86
450 0.32 0.80 0.82 0.98 0.95
550 0.25 0.76 0.78 0.94 0.97

Positive to high genetic correlations between weights
at weaning and yearling were also found by Nobre et al.
(2003), Santoro at al. (2005) and Valente et al. (2008).

The genetic correlation estimate between weaning
weights at 550 days of age were high and positive and
indicate that most of the genes responsible for higher
weights at these ages are the same.

Conclusions

The use of regression models with Legendre
polynomials of order five to describe direct additive genetic,
animal permanent environmental and maternal permanent
effects and of order four to describe maternal genetic effect
satisfactorily describe the changes in the variances of the
weights from birth to 550 days of age in Nellore cattle in
the state of Mato Grosso, Brazil. The use of heterogeneity
of residual variances arranged in four classes is more
appropriate to model the longitudinal data of the growth
of the animals. Selection for heavier weights at weaning
promotes increases in the later ages up to 550 days of age.
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