
 
Proceedings, 10th World Congress of Genetics Applied to Livestock Production 

 
Estimates of genetic parameters for weights between 60 and 600 days of age for  

Brahman Cattle Using Random Regression Models 
 

T.S. Bertipaglia1, L.O.D. Carreno1, R.R.A Borquis1, A.A. Boligon2,  
R. Fonseca3, M.M. Farah1, G.C. Venturini1 and F.S. Baldi1. 

1Department of Animal Science, São Paulo State Univ. (UNESP), Jaboticabal,  
São Paulo, Brazil, 2Department of Animal Science, Federal Univ., Pelotas (UFPel),  

Rio Grande do Sul, Brazil, 3 São Paulo State Univ. (UNESP), Dracena, São Paulo, Brazil  
 
 

ABSTRACT: Genetic parameters were estimated through 
random regression models to 78,641 records in weight 
between 60 and 600 days of age. We used 16,298 animals 
of Brahman cattle raised in Brazil. The models included the 
fixed effects of contemporary group, additive genetic direct 
and maternal genetic; and permanent environmental of the 
animal beyond the covariate age at calving (quadratic) 
nested with class of the animal's age. Heterogeneous model 
with 5 classes was we the best fitted the residual variances 
being considered orthogonal Legendre polynomials of cubic 
order. The direct heritability varied from 0.42 to 0.79 for 60 
and 600 days of age, respectively. The maternal heritability 
with higher magnitude of was observed for 140 days of age 
(0.08). Genetic correlations were generally moderate to 
high magnitudes. Highest efficiency in the selection can be 
obtained considering the weight near to 100 days of age. 
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Introduction 
 

In genetic evaluation of beef cattle, the body 
weights taken during the lives of the animals are the major 
information sources. To standardize the analysis, breeding 
programs establish particular ages at which the weights are 
adjusted before they are evaluated, known as standard ages. 
This procedure can make selection easier in the herd and 
enables comparisons with other herds or regions, but this 
procedure can decrease the accuracy of genetic evaluations 
of animals. Recently, random regression models have been 
of interest to researchers in the field of animal breeding in 
data analyzes that are taken repeatedly over the productive 
life. This methodology allows for the prediction of breeding 
values for the growth curve as a whole, at any desired age, 
without needing to make advance adjustment of weights 
(Albuquerque (2003)). 

 
Kirkpatrick et al. (1990) proposed the covariance 

functions for longitudinal data analysis, ie, measures that 
are repeated during the life of animal. These functions are 
equivalent to covariance matrices of finite dimensional 
models. Meyer (1998) presented the covariance functions 
for modeling growth data in beef cattle and showed that 
covariance functions can be easily estimated through by 
random regression model (RRM), which can describe chan-
ges in the variances of the body weights at age to cattle 

breeds. Thus, using this methodology, can help in decisions 
making, to meet market trends by early animals. Therefore, 
the study involving this approach becomes important for the 
development of Brahman cattle breeding programs. Thus, 
the objectives of this study was to estimate genetic parame-
ters for weights from 60 to 600 days of age for Brahman 
cattle using random regression models, with the objective 
of supplying subsidy for the development of guidelines 
genetic improvement programs of the breed. 

 
Materials and Methods 

 
Data. Were used 78,641 measurements of weights 

between 60 and 600 days of age. Data are from 16,298 
Brahman cattle. These data are contained in database main-
tained by the Associação Brasileira de Criadores de Zebu – 
ABCZ, born between April 2001 and April 2013. The data 
examined included genealogy records and weights per-
formed, on average, every three months, ranging from 39 to 
430 kg. The animals were weaned on average at 205 days 
of age. In the data set were maintained only the Pure Brah-
man cattle breed with records, coming from artificial in-
semination or natural breeding or controlled breeding di-
rected, raised on pasture and suckled by their biological 
mothers. Were considered only animals that were sucking 
or weaned, all with paternal identification. 
	  

The contemporary group (CG) was defined as 
animals born on the same farm (5 properties), sex (41,961 
females and 36,680 males), season of birth (53,708 
measurements in the rainy season and the dry 24,933), year 
of birth, season weighing (48,859 measurements in the 
rainy season and the dry 29,782) and year weighing in a 
total of 527 levels of CG. We considered only the animals 
with more than four weight measurements, at least three 
animals per age and within each group of contemporary 
minimal two bulls and eight cows. The consistency of the 
data was performed via software R (R Core Team (2013)). 
After the end of file consistency was 6,377 (39.10%) 6,572 
(40.30%) 3.183 (19.50%) and 1,296 (1.00%) animals at 4, 
5, 6 and 7 - 10 records with average weighing 223.54 kg 
and standard deviation (SD) of 73.11 kg. This is, 24,931 
animals in the relationship matrix, with 9,998 mothers and 
751 bulls in a total of four generations.  

 



Analyzes. The effects of contemporary group 
were considered as fixed. As covariates, the age of the 
animal weighing and age at first calving (AFC) nested 
class of the animal's age (linear and quadratic effects) 
being formed ten classes of age with 6,766-9,121 
measurements each. The AFC was nested class of the age 
of the animal to be able to estimate the influence of 
maternal age on the growth stage of the progeny, which is 
not constant over time. Were considered as random 
additive direct genetic effects (a), maternal genetic (m) and 
permanent environmental animal (p). 

 
For the analysis of RRM orthogonal Legendre 

polynomials of age at weighing were used, fixed effect 
model to model the mean curve of the population. For 
analysis of three random effects (additive genetic, maternal 
genetic and permanent environmental animal) orders 3, 4 
and 5 of Legendre polynomials were used. The residual 
variances were modeled using classes 1 and 5 levels. The 
class with 5 levels was constructed by grouping the stan-
dard ages 60-120 , 121-205, 206-365, 366-550, 550-600 
days, with the objective of verifying if the residual varian-
ces change with age. The random regression model in ma-
trix notation described follows: 𝑦   =   𝑋𝑏   +   𝑍!𝑎   +
  𝑍!𝑚   +   𝑊!𝑝   +   𝑒 , where 𝑦  the vector of observations;  
𝑏the vector of fixed effects; 𝑎the vector of random coeffici-
ents for direct additive genetic effects;𝑚 vector of random 
maternal genetic effects for the coefficients; 𝑝 vector of 
random effects for animal permanent environmental coeffi-
cients;𝑋 ,	  𝑍! ,	  𝑍! 	  e	  𝑊! corresponding incidence matrices, 
𝑒and the vector of residuals. 

 
The covariance components were estimated using 

animal model employing random regression models by 
restricted maximum likelihood method using the WOM-
BAT (Meyer (2007)) computational program, being chosen 
AIREML algorithm to calculate standard errors of the esti-
mates. The results of each model selection criterion is ex-
pressed by comparing between them , since lower values of 
AIC (Akaike (1973)) and BIC (Wolfinger (1993)) indicate 
the best adjustment, A 𝐼𝐶 =   −2 ln 𝐿 + 2𝑝 e 𝐵𝐼𝐶 =
  −2𝑙𝑛𝐿 + 𝑝 ln  (𝑁 − 𝑟 𝑋 ), where 𝑝 is the number of model 
parameters, 𝑁 is the total number of observations, 𝑟 𝑋  is 
the rank of the matrix incidence of fixed effects; logarithm 
ln 𝐿neperian function restricted maximum likelihood. Cita-
tion of random regression models in this study follows the 
standard: 𝑙𝑒𝑔𝑘!𝑘!𝑘!_𝑟, referring to the order of the cova-
riance function for the direct additive genetic effects (𝑘!), 
maternal genetic (𝑘!), permanent environment of the ani-
mal (𝑘!) and structure residual variances (𝑟) . 

 
Results and Discussion 

 
According to the AIC and BIC criteria, the most 

appropriate model is of order 4 for all effects, direct 
genetic, maternal genetic and permanent environmental 
animal and residual variance with 5 levels (leg444_5), 

respectively, with 35 parameters. The variance estimates 
are shown in Figure 1. The linear behavior of the additive 
genetic variance at 100 days of age affected estimates of 
phenotypic variation, with showed a similar trend, with 
increasing throughout the study period because of the 
weight of the animals are the result of the cumulative sum 
of the weight gain throughout life, which creates a 
dependency structural between them. The residual 
variances throughout the study period there was a steady 
increase from 100 days of age, which reflects a constant 
effect that is present throughout the life of the progeny. 
Estimates of permanent environmental variance of animal 
as a proportion of total phenotypic variance (𝑝!) were 
increased from 60 days of age (0.20) to close at 3 months 
(0.34), which was later reduced to near the 550 days of age 
(0.11) with an increase at the end of the study (0.15) period. 
The increase from 550 days of age probably occurred 
because there is little information at the end of the study 
period. 
 

 
Figure 1: Estimates of variance components direct addi-
tive genetic (a), maternal genetic (b), permanent envi-
ronment of the animal (c), phenotypic (d) and residual 
for weights from 60 to 600 days of age in Brahman cat-
tle 
 
 

The heritability estimates are shown in Figure 2. 
Estimates of direct additive heritability decreased from 60 
(0.59) at 120 days (0.42), a later addition to the 205 (0.53) 
365 (0.67) 550 (0.75) and 600 days of age (0.79), with 
standard errors which ranged 0.021 to 0.041. The high 
reflection of the high heritability values of additive genetic 
variance, disagreeing Albuquerque and Meyer (2001) for 
the where the estimates decreased with ages Nellore. 
Bertipaglia et al. (2012) had lower magnitudes in bivariate 
analyzes for W550 in the same population base of Brahman 
cattle (0.48). Greater response to selection can be expected 
if performed from the age of 100 days, during which the 
direct additive heritability was growing.The estimate of 
maternal heritability was nearly constant throughout the 



ages, with maximum at 140 days of age (0.08), the lower 
estimates obtained by Plasse et al. (2002) in bivariate for 
weaning weights of Brahman cattle of Venezuela (0.13) 
analyzes. The results of this study have shown that maternal 
effects begun to have fall before the period of weaning and 
remains constant until the end of period studied the residual 
effect throughout the life of the progeny period. Greater 
response to selection for maternal ability can be expected if 
the selection is performed before weaning, because in this 
period the maternal heritability was higher. 

 

 
Figure 2: Estimates of direct additive heritability (a),  
maternal heritability (b) and estimates of permanent 
environmental variance of the animal as a proportion of 
total phenotypic variance (c) for weights from 60 to 600 
days of age of Brahman cattle 

 
 
Estimates of direct additive genetic correlation, 

maternal genetic and permanent environmental animal 
between weights for leg444_5 model are presented in Table 
1. Estimates of direct additive genetic correlation between 
weights at 60 and weights at 120, 205, 365, 550 and 600 
days of age are low negative to positive average magnitude. 
The negative estimates are unexpected and may reflect the 
smaller amount of information of W60, since it is expected 
that these correlations are positive, similar to those obtained 
by Meyer (1999). Another problem that could be related is 
the use of orthogonal polynomials in cattle growth data, 
such as inconsistencies in the variance and covariance in 
extreme ages, because of the greater emphasis that the 
polynomials pose on localized observations at the extremes 
of the curve (Meyer (1999)). Estimates of direct additive 
genetic correlation between weights at 120, 205, 365, 550 
and 600 days with the subsequent ages were medium to 
high magnitude, suggesting that genetic effects at these 
ages are controlled by the same genes and selection for 
weights at those ages can change the weight at advanced 
ages in the same direction. However, the later the selection 
is made, the greater the correlation with the weights at older 
ages, which for matrices is undesirable because it can 
increase the production cost due mainly to higher nutrient 
requirements for maintenance of the matrices, and difficult 
to handle the animals. 

 

Table 1. Estimates of direct additive genetic correlation 
(above the diagonal of the table top), maternal genetic 
(below the diagonal of the table top) and permanent 
environmental animal in the table below for weights 
from 60 to 600 days of age of Brahman cattle. 
 
Genetic Correlations Additive Direct and Genetic Maternal 

Weight W60 W120 W205 W365 W550 W600 
W60 - 0.42 -0.08 -0.06 -0.12 -0.22 

W120 0.50 - 0.83 0.62 0.51 0.50 
W205 0.20 0.94 - 0.87 0.77 0.76 
W365 0.09 0.84 0.96 - 0.93 0.84 
W550 -0.16 0.70 0.89 0.96 - 0.97 
W600      - 

Correlation Permanent Environment Animal  
W60 - 0.93 0.89 0.85 0.79 0.65 

W120 - - 0.98 0.76 0.53 0.43 
W205 - - - 0.83 0.43 0.28 
W365 - - - - 0.60 0.28 
W550 - - - - - 0.91 
W600 - - - - - - 
Weight at 60 (W60), 120 (W120), 205 (W205), 365 (W365), 550 (W550), 
600 (W600) days of age 

 
 
Estimates of maternal genetic correlation between 

W60 and the other ages were low negative magnitudes of 
the average positive. The negative estimates may be a 
reflection of the low number of measurements of weights at 
60 days of age. Estimates of maternal genetic correlations 
between the other ages were of medium to high magnitude, 
suggesting that the genetic potential that the mother has to 
maternal ability (milk, protection, among other examples) 
has a direct association with the weights of their offspring , 
this effect being residual at advanced ages, but are 
decreasing as the distance of ages. The permanent 
environmental correlations of the animal showed moderate 
to high estimates between weight at 60 days and the other 
ages. The other correlations were medium to high 
magnitude, which evidence the importance of permanent 
environmental effect, indicating that permanent 
environmental factors that influenced at early ages may 
reflect the weights at advanced ages by its residual effect on 
body weights.The results indicated that selection for weight 
may be more effective if carried out between birth and 
weaning period, a period in which the estimates of additive 
genetic variance and direct heritability began to show 
growth. However, the later the selection is made, the greater 
the correlation with the weights at later ages. 
 

Conclusion 
 
According to the changes in (co)variances are with 

age, selection for weights could be effective if carried out 
between the weight at 60 days and the period of weaning at 
approximately 100 days of age. Selection based on any 
weight from weaning to yearling, must be performed taking 



into account that this study population of Brahman cattle 
would be subject to increased weight in ages. 
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