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INTRODUCTION
Genetic evaluation of animals is based on Mixed Models Methodology, which assumes the
knowledge of the (co)variance components. Since these components are normally unknown,
their estimation is required. REML (Restricted Maximum Likelihood) is a method largely
applied to estimate (co)variance components, based on the logarithm maximization of the
probability density function of the observations. 

Recently, Bayesian methods have been proposed as alternatives to estimate genetic
(co)variance components. Although Bayesian theory has been developed by Thomas Bayes in
1761, its application in animal breeding is very recent. 

The Bayesian techniques makes use of subjective probabilities measuring degrees of belief
about the values of unknown parameters. These subjective probabilities are used to define what
is called prior distribution for the parameter. Thus when using Bayesian methods, an unknown
parameter is a random variable and has a known prior distribution (prior to take a sample). This
prior distribution summarizes the subjective degree of belief about the unknown value of the
parameter (Larson, 1982). 

Computational simulation has become a tool largely used in recent animal breeding studies,
especially in the evaluation of methodologies used to estimate variance components and to
predict genetic values. There is a simulation strategy that uses structure similar to the genetic
material, being the determination of the trait made by the contribution of series of genes. These
genes can present several allelic forms and change the genotypic expression according to a
code of genetic expression specified by the researcher, being possible to occur, like in the
biology process, dominance, epistasis, pleiotropy, genetic linkage, etc (Carneiro Júnior, 2001).

The objective of this paper is to estimate variance components in simulated data, using
Bayesian inference and to compare the values estimated with the real values.

MATERIAL AND METHODS
Data used in this work were simulated with an update version of the computational system
Genesys 2000 for Windows  (Euclydes, 1996). A genome was simulated by considering a
single quantitative trait governed by 200 loci. This genome was used to constitute two base-
populations, in which the initial heritability of the quantitative trait was respectively 0.10 and
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0.60. Each base-population was constituted by 1000 animals, 500 males and 500 females.
Besides the “fixed” effect of sex, a local effect was introduced. 

From each base-population, 20 male and 400 female animals were chosen at random to be the
parents of the two initial populations. Each initial population was mated randomly. Ten
consecutive generations were produced. For more genome and population simulation details,
consult Carneiro Júnior (2001). 
Different kinds of unbalanced data were introduced in the populations: a) data unbalanced in
the number of descendents for female; b) data unbalanced in the number of females for male
and c) data unbalanced for the local effect.

Data analysis was conducted for 20 000 animals and was based on the following model:
ijkijkjiijk easly +++= ,

 where ijky  is the observation of the animal k, from sex j and local i; il  is the “fixed” effect of

local i; js  is the “fixed” effect of sex j; ijka  is the random effect of animal k, from sex j and

local i and ijke  is the residual associated with each observation ijky .

Genetic and residual variance components and heritability were estimated, using “Multiple
Trait Gibbs Sampling for Animal Models”, MTGSAM (Van Tassell and Van Vleck, 1995). 

Prior Distributions. These programs were developed using a “flat” prior distribution for the
“fixed” effects, that is, there was no prior knowledge about these effects. The random effects
were assumed to be normally distributed. For the genetics effects there was an additional
assumption of a kwown covariance structure among those random effects corresponding to the
relationship matrix. The residual effects were assumed to be distributed normally. An Inverted
Chi-square distribution was used for variance components. The user gives the expectation of
the prior distribution and the parameter which defines the shape of the distribution and  gives
the degree of belief about the knowledge a priori. The analysis was conducted using flat priors
for both variance components. 

The Gibbs sampler was implemented using a single chain of total length 100 000, with burn-in
of length 4 000 and the sub-sampling interval between samples of 50. Thus, a total of 1920
samples were saved. Based on these samples, the utility programs PULLDAT and GIBANAL
were used to construct the posterior distributions for variance components and heritabilities.

RESULTS AND DISCUSSION
Posterior distributions of the genetic and residual variance components and of heritabilies are
shown in Figure 1. Their posterior means, modes and medians are given in Table 1. For both
populations (low and high heritabilies), the estimates of the posterior means of the genetic and
residual variance components obtained by MTGSAM were not similar to the real values. If
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Figure 1. Estimated marginal posterior distribution of variance components and
heritabilities under flat priors for populations with high (left side) and low (right side)
heritabilities

there is fair certainty about the parameter value, the prior has small variance; if there is little
certainty about its value, the prior has a larger variance. As we used used flat priors, little
confidence existed in the initial variance values. Apparently, the likelihood was not capable to
generate samples to converge for the real values. The length of Gibbs sequence can also be
influencing  the estimates, with the possibility to obtain more consistent results as the number
of iterations is  increased.

Several papers have presented the use of Gibbs Sampling to estimate (co)variance components
in animal breeding programs (Magnabosco et al. 1997; Lôbo et al. 1997; Van Tassell et al.
1995; Sorensen et al. 1994; Wang et al., 1994).
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Table 1. Estimated summary statistics of marginal posterior distribution of three
parameters under flat priors for populations with high (H) and low (L) heritabilities.
REML corresponds to results from standard analysis. Real corresponds to the real values
of variance components and heritability

Population Mean Mode Median REML Real
2
aσ̂ H 61.5845 61.3090 61.5720 59.62 81.28
2
eσ̂ H 89.3589 89.1440 89.3628 90.22 38.56
2h H 0.4078 0.4007 0.4079 0.40 0.65
2
aσ̂ L 85.8384 83.8986 85.5569 68.72 65.37
2
eσ̂ L 901.3333 903.1902 901.3279 911.10 651.85
2h L 0.0869 0.0848 0.0866 0.07 0.10

Although they were different from the real values, the estimates were similar to those obtained
by REML (Carneiro Júnior, 2001), mainly for trait with low heritability (Table 1). The
possibility that the small size of the data set used here did not allow to obtain accurate
estimates, plus the fact we used flat priors, could explain why both methods led to similar
estimates. 

CONCLUSION
The estimates obtained using the Bayesian inference by the MTGSAM system were not similar
to the real values. They were similar however, to those obtained by  REML.
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