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INTRODUCTION 
A number of approaches -- both computational and methodological -- have been applied to the 
analysis of data on quantitative phenotypes and genetic markers on related individuals in order 
to detect evidence of the existence and chromosomal location of genes that affect these 
quantitative phenotypes. 
 
Graphical models (Lauritzen and Spiegelhalter, 1988), building on essentially the same ideas as 
genetic peeling (Elston and Steward, 1971 ; Lange and Elston, 1975 ; Cannings et al., 1978), 
are becoming a popular tool for handling the modelling of highly structured stochastic systems. 
Recently they have also been applied to the analysis of genetic data on pedigrees (Kong, 1991 ; 
Jensen and Kong, 1999 ; Lund and Jensen, 1999 ; Sheehan et al., in press). 
 
In this study, we present an application of graphical models to develop a blocking MCMC 
sampler to perform a Bayesian analysis of simulated data containing marker information and 
an unobservable locus affecting a measurable quantitative trait. The data are simulated 
assuming a half-sib design with an overdominant model of gene action. 
 
SIMULATION 
A data set was simulated for a design with 15 sires, each with 100 recorded offspring. Two 
biallelic marker loci were simulated at a distance of 10 cM. At the mid-point between the 
markers, 5 cM from each, a biallelic quantitative trait locus was also simulated. All alleles in 
the sires and all the alleles inherited by the offspring from their dams were sampled 
independently from Bernoulli distributions (Sheehan et al., subm.). Inheritance from the sires 
was simulated using Haldane’s map function (Haldane, 1919) and assuming independence of 
recombination in non-overlapping chromosome regions. Phenotypes were simulated from the 
model 

yij = si+µij+eij 

where yij is the phenotype of offspring j of sire i, si is the effect of sire i, µij is the effect of the 
QTL genotype of individual offspring j of sire i (equal to µ1, µ2 or µ3 corresponding to 
genotypes QQ, Qq and qq), and eij is the random residual of individual ij. The QTL genotype 
effects are assumed to be the same for each QTL genotype across the half-sib families. The sire 
effects and residuals are assumed to be Normally distributed with si~N(0,σs

2) and eij~N(0,σres
2), 

respectively.  
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To illustrate the performance of the Gibbs sampler we simulated a data set for a QTL with 
overdominant action. For the actual values of the parameters used in the simulation see table 1. 
 
ANALYSIS 
The data were analysed with Bayesian methods using a blocking Gibbs sampler. Part of this 
Gibbs sampler was implemented using graphical models methods as described by Sheehan et 
al. (in press) with the modification that the marker allele frequencies, pM and pN here were not 
considered known but were instead sampled from the appropriate fully conditional posterior 
distributions. 
 
For the variance components (σs

2 and σres
2) weakly informative scaled inverted 

χ2−distributions were chosen, the prior for the sire effects was s|σs
2~N(0, σs

2), while we used 
improper uniform priors for the QTL genotype effects. For each of the allele frequencies a 
uniform distribution on the interval [0,1] was used. For the distance between the QTL and the 
leftmost marker locus, a uniform prior was chosen. These assumptions resulted in a 
multivariate Normal fully conditional posterior distribution for the QTL-effects and the sire 
effects, Beta-distributions for the allele frequencies, and independent scaled inverted 
χ2−distributions for the two variance components. 
 
The posterior distribution of the QTL position was non-standard. It was sampled using a 
Metropolis Hastings algorithm (Metropolis et al., 1953). The Gibbs sampler for the individual 
genes, segregation indicators etc. was implemented using a graphical models library enabling 
us to sample all genes simultaneously in one block. This was done using the commercially 
available graphical models package Hugin (Hugin Expert A/S, 2001). The QTL genotype 
effects and sire effects were sampled jointly from their conditional posterior distributions. The 
allele frequencies and the map position of the QTL were sampled individually. 
 
RESULTS AND DISCUSSION 

 
Table 1. Summary statistics of the output from the Gibbs sampler 

 
Parameter Simulated value Posterior mean (std.dev.) 

σs
2 7.5 5.15    (  2.15) 

σres
2 92.5 80.59    (12.21) 

pm 0.4 0.461  (  0.012) 
pq 0.5 0.466  (  0.018) 
pn 0.6 0.467  (  0.024) 
∆d 10.0 -3.68    (12.26) 
∆a 

 
0.0 0.41    (  1.66) 

λq 0.05 0.052  (  0.027) 
 
The sampler ran for 161000 iterations. A burn-in consisting of the 200 first iterations was 
discarded. After this every 10th iterate was retained resulting in a total sample size of 16080. 
Summary statistics are shown in table 1. In the table, the posterior means and standard 
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deviations of the variance components, the allele frequencies and the map position of the QTL 
are given. The QTL genotype effects are given by the ∆a=(µ1-µ3)/2 and by the dominance 
deviation ∆d=µ2-(µ1+µ3)/2. 
 
The posterior distributions of ∆d and ∆a are shown in figure 1. The posterior distribution of ∆d 
is highly bimodal while the distribution of ∆a is narrowly focussed around ∆a=0. The data set 
shown was the first one simulated. It should be noted that not all data sets provide nearly as 
clear cut evidence of the presence of overdominance.  
 

∆d

∆d

∆a

 -20 -15 -10 -5 0 5 10 15 20

-20

-10

0

10

20

0 5000 10000 15000 20000

 
Figure 1 Posterior distribution of ∆a and ∆d. The dashed line represents the distribution 
of ∆d, the unbroken line shows the distribution of ∆a. The y-axis is on an arbitrary scale 
 

 
 

Figure 2 Trace plot of ∆d. Iterate number is shown on the x-axis, and the parameter 
values are shown on the y-axis 
 
Figure 2 shows a trace plot of the samples of ∆d. The long run of values around –13.0 at the 
end caused the unbalanced appearance of the two peaks of the distribution of ∆d in figure 1. 
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The sampler succeeded in retrieving the variance components as simulated. The allele 
frequencies simulated were not retrieved from the analysis. This is not surprising as the 
observed frequencies in the actual data set can deviate strongly from the values used for the 
simulations. This is a phenomenon we have previously noted. The limited amount of 
information in the data about the position of the QTL was reflected in a fairly flat posterior 
distribution (results not shown). 
This is in contrast with the posterior distribution of ∆a, which reflected little uncertainty and 
was centered around the correct value of 0. On the other hand the posterior distribution of ∆d 
was bimodal. This can be explained by the following. With an overdominant model (as in this 
simulation) there are only two genotypic values, one for the heterozygote and one for the 
homozygote types. The major source of information about the genotypic values is the offspring 
from heterozygote sires. But among the offspring of a sire heterozygote at the QTL, on average 
half will be heterozygote and half will be homozygote, i.e. the sampler will be unable to tell 
whether the high phenotypic values or the low phenotypic values correspond to the 
heterozygote and the posterior distribution is hence symmetric. In this case, the sampler is 
unable to distinguish an over- from an underdominant model. 
The two peaks in the distribution of ∆d are of unequal size as can be seen in figure 2. This is 
due to a very long run where the sampler remained at or near an underdominant model. For 
allele frequencies at the QTL away from pQ=0.5 variation among the offspring of QTL 
homozygote sires would provide some information about whether the model of gene action 
was over- or underdominant. 
 
In summary, the Bayesian model is capable of detecting evidence for the presence of non-
additive gene action even in a half-sib design where the inheritance of only the sire allele at an 
unobserved quantitative trait locus in the offspring can be followed. 
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