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INTRODUCTION 
Past trends in the Uruguayan Aberdeen Angus breed have favored greater body size (Urioste et 
al., 1994). This has resulted in selection almost exclusively for liveweight at a given age. 
Selection of bulls for increased scrotal circumference should receive an important emphasis in 
genetic improvement of beef cattle. It is easily measured, is a moderate to highly heritable trait 
and has shown favorable genetic associations with reproductive male and female traits and 
growth traits (see the extensive reviews by Koots et al., 1994 a, b). Recent research under 
Uruguayan conditions (Urioste et al., 1998) has shown that the inclusion of scrotal 
circumference as selection criterion in an index leads to increases in genetic gains measured in 
economic units. It is therefore desirable its incorporation to beef cattle recording systems, to 
obtain predictions of Expected Progeny Differences (EPD) in the National Aberdeen Angus 
Genetic Evaluation. The Bayesian and Markov Chain Monte Carlo (MCMC) methodologies 
have been widely used for genetic parameter estimation in animal breeding in the last years. 
The approach allows the incorporation of prior information into the analysis, which is 
combined with the information from the current data to produce the posterior distribution of the 
parameters in the model. MCMC methods are used for integrating the posterior distribution to 
study features of the marginal distributions. The priors can be chosen based on earlier studies 
or information from the literature. This approach is particularly suitable for recording schemes 
under construction, as it is usually the case in developing countries. Other alternative is to use 
non-informative priors, with small influence in the posterior inferences. Here, we discuss the 
usefulness of informative versus non-informative Bayesian analysis for genetic parameter 
estimation of scrotal circumference and 18 months weight of the Aberdeen Angus breed in 
Uruguay. 
 
BAYESIAN INFERENCE FOR ANIMAL MODELS 
Consider the animal model , where X and Z are incidence matrices, θ is the 
vector of fixed effects, a is the vector of breeding values, and e is the vector of residuals with 
elements independently distributed as normal . 
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The distribution of y, given θ, u and σ , is multivariate normal with mean vector  

and covariance matrix expressed as , where I is an identity matrix. To complete the 
specification of the model in a Bayesian context, it is assumed that the joint prior distribution 
of the unknowns θ, a, σ  and σ  has density  , 

where  is the additive genetic variance. For the fixed effects, flat priors are often assumed 
in animal breeding. The breeding values are assumed to have a multivariate normal distribution 
with null mean vector and covariance matrix , where A is the numerator relationship 
matrix. The prior distributions of the variance components will be described below, for the 
objective and conjugate analyses. 
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The joint posterior density of all unobservable variables is proportional to the product of the 
sampling model and the priors. This joint posterior distribution is intractable analytically but 
MCMC methods such as the Gibbs sampler can be used to draw samples, from which features 
of marginal distributions of interest can be inferred. The conditional posterior distributions 
deriving from it are needed for the MCMC implementation. The posterior distribution of θ and 
a, given all other parameters, is multivariate normal. The conditional posterior distributions for 
each variance component are inverse-Gamma, both for the objective and conjugate analyses.  
 
MATERIAL AND METHODS 
Data. Records on 5359 animals born from 1978 to 1999 and accepted for genetic evaluation 
were obtained from the Aberdeen Angus National Recording Service. Information included 
pedigree data (20507 animals), and 5146 and 1203 records for 18 months weight (W18) and 
scrotal circumference corrected to 540 days of age (SC), respectively. Herd of origin, year of 
birth, sex of calf, age of dam and other information necessary for contemporary groups 
formation was also available. Embryo transfer calves or animals affected by preferential 
treatment were previously excluded. 
 
Bayesian implementation. Uni- and bivariate models for SC and W18, with objective or 
conjugate analyses were conducted. Models for W18 and SC included the fixed effects of 
contemporary group (151 and 57 levels, respectively), age of dam (3 levels: 3 or less years, 4 to 
8 years, and more than 8 years), and random animal effect. Contemporary groups were defined 
as a combination of herd, year of birth, management group and season of calving (early or 
late). For W18, the sex effect was also included in the contemporary group. Flat priors were 
chosen for the variance components for the objective analysis. For the conjugate analyses, 
inverse-Gamma distributions were chosen for each variance component. The parameters α and 
β of each inverse-Gamma distribution were chosen by solving the equations (Carlin and Louis, 
1996): 
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for α and β, where µ and τ2 are the prior mean and variance, respectively. A priori values for 
these parameters were taken from Urioste et al. (1998) and Koots et al. (1994 a, b). 
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All the analyses were implemented by using the set of programs MTGSAM for mixed model 
Gibbs sampling (Van Tassel and Van Vleck, 1995). Marginal densities of the variance 
components and other genetic parameters were estimated from the Gibbs output. Graphical 
inspection and the Gibanal program (Van Kaam, 1998) were used for assessing convergence to 
the equilibrium distribution, the joint posterior. Burn-in periods varied between 1800 (W18, 
univariate model, flat priors) and 10000 rounds (bivariate model, flat priors), and thinning 
interval varied between 220 (W18, univariate model, flat priors) and 779 (bivariate model, 
informative priors) iterations. Nominal sample size for post-Gibbs analyses was 1000. 
 
RESULTS AND DISCUSSION 
Genetic and residual variances, and corresponding heritabilities (h2), estimated by uni- and 
bivariate models, with flat or informative priors, are presented in Table 1.  
 
Table 1. Posterior means and standard deviations of heritability, genetic and residual 
variances for 18 months weight (W18) and scrotal circumference (SC)  
 

Method Heritability Additive Genetic 
Variance 

Residual 
Variance 

UNIVARIATE MODELS 
a) Flat Priors 
          W18 
           SC  
b) Informative Priors 
          W18 
           SC 
BIVARIATE MODELS 
a) Flat Priors 
          W18 
           SC 
b) Informative Priors 
          W18 
           SC 

 
 

0.576 ± 0.036 
0.725 ± 0.077 

 
0.554 ± 0.033 
0.545 ± 0.053 

 
 

0.579 ±  0.035 
0.689 ± 0.069 

 
0.574 ± 0.035 
0.630 ± 0.063 

 
 

702.92 ± 55.83 
4.748 ± 0.647 

 
666.71 ± 49.25 
3.36 ± 0.407 

 
 

709.84 ± 55.08 
4.422 ± 0.560 

 
701.17 ± 53.79 
3.95 ± 0.490 

 
 

515.10 ± 38.61 
1.787 ± 0.466  

 
535.91 ± 35.82 
2.798 ± 0.306 

 
 

513.92 ± 37.43 
1.983 ± 0.410 

 
518.93 ± 37.05 
2.31 ± 0.380  

 
Heritability estimates were in the range of values reported in the literature, but were larger than 
the weighted average of estimates presented by Koots et al. (1994 a). These authors calculated 
a value of 0.48 for SC (based on 25 studies) and a value of 0.33 for yearling weight (115 
studies), a measure close to W18. Poor data quality, with unidentified preferential treatments 
and confounding effects between contemporary groups and sires may inflate the additive 
genetic variance.  
 
In general, parameters estimated with informative priors showed less variability than those 
obtained with flat priors. In the univariate analyses, the reduction in the posterior standard 
deviation of heritabilities when using informative priors was more pronounced for SC (45%) 
than for W18 (9%). The use of informative priors caused a reduction in SC heritability 
estimates, suggesting  a clear influence of the priors chosen. When bivariate analyses were 
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applied, parameter changes for W18 were imperceptible. For SC, there was no clear trend in 
parameter estimates when comparing uni- versus bivariate models. 
 
Posterior means of genetic and residual correlations between W18 and SC, estimated with flat 
priors, was 0.250 and 0.563, respectively. Corresponding results using informative priors were 
0.290 and 0.465. A previous study (Espasandin and Urioste, 2001), with partially the same data 
and using REML methodology, found a genetic correlation of 0.29 between SC and W18, 
which is coincident with the present results. Based on seven studies, Koots et al. (1994 b) 
found a weighted average value of 0.47 for the genetic correlation between SC y yearling 
weight. 
 
CONCLUSIONS 
The results showed that the posterior standard deviations for the variance components were 
smaller for the conjugate analyses. This means that the priors may play an important role on 
Bayesian estimation of the variance components in Aberdeen Angus in Uruguay, especially for 
SC. Countries or breed associations with relatively small populations may have an important 
improvement on their variance component estimates by incorporating prior information from 
the literature or previous studies. 
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