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Abstract

Mature weight breeding values were estimated using a multi-trait animal model (MM) and a random
regression animal model (RRM). Data consisted of 82 064 weight records from 8 145 animals, recorded
from birth to eight years of age. Weights at standard ages were considered in the MM. All models included
contemporary groups as fixed effects, and age of dam (linear and quadratic effects) and animal age as
covariates. In the RRM, mean trends were modelled through a cubic regression on orthogonal polynomials of
animal age and genetic maternal and direct and maternal permanent environmental effects were also included
as random. Legendre polynomials of orders 4, 3, 6 and 3 were used for animal and maternal genetic and
permanent environmental effects, respectively, considering five classes of residual variances. Mature weight
(five years) direct heritability estimates were 0.35 (MM) and 0.38 (RRM). Rank correlation between sires’
breeding values estimated by MM and RRM was 0.82. However, selecting the top 2% (12) or 10% (62) of
the young sires based on the MM predicted breeding values, respectively 71% and 80% of the same sires
would be selected if RRM estimates were used instead. The RRM modelled the changes in the (co)variances
with age adequately and larger breeding value accuracies can be expected using this model.
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Introduction

In Brazil, animal breeding programmes for beef cattle breeds have prioritized the selection of growth
traits such as weight or weight gain at early ages. These traits are easy to obtain, with heritability estimates of
medium to high, thus responding rapidly to selection. However, they show positive genetic correlations with
mature weight (Meyer, 1995; Meyer et al., 2004; Boligon et al., 2009). Generally, selection is directed to
increase animal weight, which consequently increases the animal size at all ages. Mature weight is an
important trait since the cows are kept under extensive range conditions. Studies have demonstrated the
existence of a positive correlation between mature size and feed intake. Consequently, large animals have
higher maintenance requirements with increasing production costs than smaller ones (Euclides Filho, 2001).

In this context, to maintain desirable mature size it is necessary to include mature weight selection
indices of beef cattle. However, a difficulty in using this trait in genetic evaluations is the scarcity of weight
records obtained after two years of age. Moreover, the best way for analysis, these records have to be defined
(Boligon et al., 2008). In general, for the genetic evaluation of beef cattle, multi-trait models, which combine
information on correlated traits to predict the genetic merit of animals for many traits simultaneously, are
applied. The use of multi-trait models for genetic evaluations of mature weight, which include weights
recorded before selection, allows for the recovering of part of the genetic variance lost due to selection
(Meyer, 1995; Boligon et al., 2008). With these models weights have to be adjusted to standard ages at
weaning, yearling and for final weights.

Recently, there has been an increasing interest in random regression models for traits that are recorded
repeatedly during the animal’s life, the so-called longitudinal data. The use of random regression models
allows for the inclusion of all records and may increase the accuracy of predicting breeding values
(Albuquerque & Meyer, 2001; Tier & Meyer, 2004).

The objective of this study was to compare estimated breeding values of the mature weight of Nelore
cows, using the traditional multi-trait and random regression models.
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Materials and Methods

Data consisting of 82 064 weight records from 8 145 animals were obtained from the Genetic
Breeding Programme of Nelore Cattle (PMGRN). This genetic evaluation programme started in 1987.
Animals participating in the programme were weighed every 90 d from birth to 550 d of age, and those
remaining in the herds for reproduction were weighed routinely at the same intervals. Calves were born
throughout the year, though more frequent in spring and summer. Animals were weaned at 240 d of age, on
average. Only records of animals that were produced through artificial insemination, reared on pasture
without supplemental feed and who were weaned by their biological mothers were considered.

For the multi-trait model (MM) birth weight, weaning weight, weight at 550 days of age, and weights
at two, three and five years of age, were considered. Genetic additive direct (for all weights), genetic
maternal (for weaning weight), and maternal permanent environmental (for birth weight, weaning weight and
weight at 550 days of age) were considered as random effects. A contemporary group (farm, year and season
of birth) was included in the model as a fixed effect. Linear and quadratic effects of age of animal at
recording (except for birth weight), and dam age at calving were included as covariates.

In the random regression model (RRM) mean trends were modelled using a cubic regression on
orthogonal polynomials of animal age. Direct and maternal genetic and permanent environmental effects
were modelled by random regression on Legendre polynomials of age, with orders of 4, 3, 6 and 3,
respectively. For residual variances five age classes were considered: 0, 1 - 216, 217 - 660, 661 - 960 and
961 - 2920 days of age.

For the RRM, the contemporary group for records from birth to three years of age was defined
including animals born on the same farm, year and season of birth, and belonging to the same class of age at
recording (birth and every 45 days of age, so that the age variation within contemporary group was not
longer than 45 d). The contemporary group for records taken after three years of age was defined by farm,
year and season of birth, and year and season of recording. Contemporary groups with less than eight
animals were also excluded, leaving 2 693 groups. All animals had at least five weight records. The
contemporary group was included as a fixed effect and dam age at calving (in days) as a covariate (linear and
quadratic effects).

For both models (MM and RRM), weight records out of the range given by the mean of the
contemporary group + 3 standard deviations were excluded. The mature weight was considered as weight at
five years of age.

The covariance components were estimated by “restricted maximum likelihood” using the WOMBAT
software (Meyer, 2006). In all of the analyses, a pedigree file containing the identification of the animal, sire,
and dam was used, with a total of 26 924 animals in the relationship matrix. Spearman correlation
coefficients between mature weight breeding values estimated by MM and RRM were calculated.

Results and Discussion

The observed means and standard deviations for weights from birth to eight years of age are shown in
Figure 1. The weights increased until approximately five years of age. The weight means of 5-yr-old or older
cows (470 kg) are similar to those reported in the literature for mature weight of Nelore cows (Rosa et al.,
2001; Pedrosa et al., 2006).

The direct heritability estimates for mature weight (five years) were 0.35 and 0.38, using MM and
RRM, respectively. These results agree with those described in the literature for Nelore cattle (Mercadante et
al., 2004; Pedrosa et al., 2006; Boligon et al., 2008), which vary from 0.30 to 0.53. These estimates suggest
that mature weight will respond rapidly to individual selection. However, since this trait is measured late in
the animal’s life one could not expect a high genetic gain due to large generation intervals. Moreover, in
order to find the most adequate weight for a given production system, economic selection indices including
this trait will have to be developed. Similar heritability estimates were also reported for different cattle
breeds. Nephawe (2004) evaluating mature weight of Bonsmara cows with ages ranging from two to 11
years, reported heritability estimates varying from 0.39 to 0.47 using RRM, and were consistent with the
estimate of 0.41 obtained using a simple repeatability model. Meyer (1999), also using RRM, reported
estimates of heritability from 0.37 to 0.57 for Hereford cows, and from 0.42 to 0.49 for Wokalups.
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Figure1 Means (") and standard deviations (bar) for birth weight (BW), weaning weight (WW), weight at
550 days of age (W550), and weights at 2, 3, 4, 5, 6, 7 and 8 years (Y) of age.

The RRM approach provides more information than the usual MM analysis. For example, with RRM
it is possible to estimate breeding values for the animal growth curve as a whole, whereas the MM will only
provide these at particular points of the growth curve. Table 1 shows mature weight breeding value means
using different models. Mature weight breeding value means predicted by RRM were larger than those
obtained with MM, probably as a result of the slightly higher heritability estimates and better use of
information with RRM.

Our results agree with those from Nephawe (2004) who concluded that selection for mature weight
could be effective and that RRM could be useful. However, according to the author, given the complexity of
the RRM, for practical purposes a simple repeatability model might be an acceptable approximation for
prediction of breeding values.

Table 1 Mean, standard deviation (SD), minimum and maximum mature weight breeding value estimates in
Nelore cattle

Models? Mean? SD Minimum Maximum
MM 1.24 1.84 -8.64 13.21
RRM 1.67 2.06 -9.72 15.47

MM - multi-trait model; RRM - random regression model; * kg.

The sire rank correlations between breeding values for mature weight estimated by MM and RRM
were 0.82. Selecting the top 2% (12) or 10% (62) of the sires based on the MM predicted breeding values,
71% and 80% of the same sires, respectively, would be selected if RRM estimates were used instead (Table
2). Although considering all sires the rank correlation was high, important changes in sire rank occurred
when selection intensity increased, which could affect selection response.

Table 2 Number and percentage of sires which would be the same if selected based on mature weight
breeding values estimated by multi-trait or random regression models

Random regression models

Selection intensity

Number of selected sires Percentage of selected sires
2% (12 animals) 8 71%
10% (62 animals) 50 80%
20% (123 animals) 102 83%
50% (308 animals) 271 88%
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It is expected that RRM produce more accurate genetic parameter estimates and predictions of genetic
values than MM. This gain in accuracy is more important for young bulls, with none or just a few mature
weight progeny information. Meyer (2004) working with simulation, reported that the RRM models showed
higher accuracy (up to 8.3%), measured by the correlation between true and estimated breeding values,
compared to a MM. The author attributed this to better modelling of variances and genetic parameters
provided by RRM. Future research should concentrate on quantifying how much would be gained in terms of
accuracy and response to selection by applying RRM instead of MM, considering a limited number of points
such as birth, weaning, yearling, and final weights.

Conclusion

The mature weight heritability estimate obtained with a random regression model was slightly higher
than that estimated with a multi-trait model, with a corresponding effect on genetic gain. Differences in sire
rank for mature weight are expected when applying multi-trait or random regression models, mainly with
high selection intensity.
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