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INTRODUCTION 
Combining data obtained from both sexes in several experiments is expected to improve the 
QTL detection power and estimation accuracy. However, QTL experiments are usually small 
and hence the estimation of dispersion parameters in a complex covariance structure can be 
problematic. A Bayesian method was developed to be able to handle multiple trait data 
measured on related animals including heterogeneity of variance between sexes. The method 
employs a scaled reduced animal model. Markov Chain Monte Carlo (MCMC) algorithms 
were applied to obtain marginal posterior densities. A parsimonious model was chosen to avoid 
over-parameterisation. 
 
MATERIAL AND METHODS 
Example data. Two broiler traits are considered in this example: body weight in individual 
cages and body weight in floor pens, each trait is measured on males and females at 48 days 
(Van Kaam et al., 1999a; 1999b). Microsatellite genotypes were available on the first two 
generations of 10 full sib families. Phenotypic body weight data is available on approximately 
4,000 third generation animals divided over the single cages and floor pens. Furthermore 
pedigree data and the linkage map were used. 
Multiple trait animal model. A multiple trait animal model is used in which the polygenic 
and QTL variation is modeled by scaling parameters instead of variances. The same scaling 
parameters also account for heterogeneity of variance. Unity-correlation between sexes is 
assumed for all genetic effects. However between traits a polygenic correlation, ρ, between –1 
and +1 is assumed and hence each animal has a polygenic effects for each trait. For the QTL, 
the correlation between the effects of the QTL alleles is unity for all sex-trait combinations, 
assuming that the direction of the effect in all sex-trait combinations is the same, so only the 
magnitude of the effect differs. Therefore each animal has only two additive QTL allelic 
effects (paternal and maternal). The magnitude of the genetic effects in each sex-trait 
combination is determined by the corresponding scale parameter. Furthermore, uncorrelated 
error terms with homogeneous variance within sex-trait combination are assumed. This leads to 
the following scaled model in a two-trait situation with heterogeneity of variance between 
sexes: 
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Here the observations, y, are divided into four sets defined by trait indicated with subscript t 
and sex indicated with subscript s: male (m) or female (f). Furthermore, c  are the polygenic 

scale parameters and  are the QTL scale parameters. Each combination of sex and trait has 
its own scaling parameters for the polygenic and QTL allelic effects. Therefore the QTL can 
have an effect on some of the sex-trait combinations and not on others. Finally, b, u and v 
contain the fixed, polygenic and QTL allelic effects and X, Z and W are incidence matrices. 
Hence we now have the following prior assumptions: 
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Where Gk is the gametic relationship matrix for the QTL and depends on the marker 
information at QTL position k. Marker information is described in terms of the allelic 
constitution of the chromosomal homologues of the founders and identity by descent values for 
all non-founders (Jansen et al., 1998) and is needed to calculate the inverse of Gk similar to 
Bink and Van Arendonk (1999). The method requires (partially) known marker genotypes on 
all base animals. The variances of the random genetic effects are fixed to one and hence 
standard normally distributed u and v are used (Van Kaam et al., 2002). Genetic variances can 
be obtained by squaring the scale parameters. The prior distributions for the scale parameters 
are normal distributions left-truncated at zero, where as a uniform prior was used for the 
polygenic correlation. Inverted gamma distributions with pre-defined hyperparameters α and λ 
are used to represent prior knowledge on the error variances as . ( )tse IG

ts
λασ ,~2

A reduced animal model (RAM), is used to obtain solutions more efficiently because polygenic 
effects of the non-parents and QTL allelic effects of the ungenotyped non-parents do not have 
to be sampled. Haplotypes, fixed effect levels and covariates, random polygenic and QTL 
allelic effects are sampled using Gibbs sampling. A Metropolis-Hastings algorithm is used to 
sample the scale parameters, polygenic correlation and error variances. In the example analysis 
the QTL position was not sampled but fixed in the middle of a marker bracket (LEI0071-
MCW0101). 
 
RESULTS AND DISCUSSION 
A single multiple trait analysis of broiler body weight at 48 days is discussed here. The prior 
and posterior distributions of the QTL scale parameters is shown in Figure 1. The same prior 
distribution was chosen for each sex-trait combination. The posterior distributions of the QTL 
scale parameters for males and females which were housed in individual cages differ 
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significantly from zero, because zero is not included in the 90% highest posterior density 
region. The corresponding posteriors for free housing however are not significantly different 
from zero. This suggests that the analysed QTL position is close to an actual QTL affecting 
body weight of individually caged broilers but not affecting body weight in free housing. 
Under free housing, the posterior mean of the male QTL scale parameter is clearly higher than 
the posterior mean of the female QTL scale parameter. This indicates that there is 
heterogeneity of variance for the QTL allelic effects. The QTL has a larger effect in males than 
in females. The estimates of the proportion QTL, which measures the variance explained by the 
QTL as proportion of the total additive genetic variance, were 0.38 in males and 0.26 in 
females. Estimation of separate dispersion parameters for polygenic, QTL allelic and residual 
effects for each sex-trait combination makes the model flexible for handling different 
heterogeneity for each dispersion component. 
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Figure 1. Prior distribution and posterior distributions of QTL scale parameters for each 
sex-trait combination in one analysis of a marker bracket 
 
The posterior mean of the polygenic correlation between both traits was 0.71. Hence the 
difference in environment results in a genotype x environment interaction. The lag 1 serial 
correlation of the polygenic correlation was 0.99. The polygenic correlation had the highest 
serial correlation of all parameters. Scale parameters for all sex-trait combinations vary 
independently from each other during the Markov chain. The current method is limited to traits 
measured on related animals, because uncorrelated error terms are assumed.  The advantage of 
accounting for heterogeneity by scaling is that it hardly increases the computational needs 
(Quaas et al., 1989) because the number of parameters increases only by adding fixed effects 
and one dispersion parameter for each genetic effect and one for the error variance per sex-trait 
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combination. It is important however that the assumptions regarding the covariance structure 
are close to reality. 
 
CONCLUSION 
The multiple trait QTL analysis should increase the power of detection and hence increase the 
significance of a QTL if the QTL is not a false positive result. Especially in small populations 
like the experimental populations used for QTL detection, it is important to consider the 
estimability of parameters. Therefore a parsimonious model specification was chosen on 
purpose to limit the number of parameters, which needs to be estimated. The multiple trait 
approach offers the opportunity to dissect the genetic variance among traits. 
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