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INTRODUCTION 
Efficiency of breeding strategies are greatly influenced by the insight of genetic components of 
quantitative traits. The models for genetic evaluation of pedigreed populations commonly 
assume many genes with infinitesimal small effects, i.e., the infinitesimal model (TIM). The 
identification of genes with major contributions has gained substantial interest during last two 
decades. When only phenotypic (and pedigree) data are used this leads to anonymous Major 
Genes (MG) and to mapped Quantitative Trait Loci (QTL) when molecular marker data are 
utilised as well. Andersson et al. (1994) identified regions containing QTL on chromosome 
four for lean meat percentage and growth in crosses of genetically very diverse pig breeds.  
The segregation of similar QTL within commercial populations is unknown and evidence from 
selection lines is therefore complementary and important. Here we conduct an analysis fitting 
different genetic models using pedigree, phenotypic and marker data on Large White pigs. 
 
MATERIAL AND METHODS 
Creation of pig selection lines. From a commercial Dutch Large White population, two 
selection lines were created from one base population and these covered approximately four 
generations of selection. A Lean (L)-line was selected for low backfat thickness and a Fast (F)- 
line was selected for high growth rate. Details of the trait measurements are given by Sonesson 
et al. (1998). The total number of individuals in the pedigree was 4466, including 110 phantom 
founders to guarantee that individuals had either both or no parents known. Selection was 
based on own performance and the applied mating procedure caused overlapping generations 
and various pedigree loops (Sonesson et al., 1998 for details). The maximum generation and 
inbreeding coefficients were 6.16 and 0.27, respectively. For backfat thickness (growth rate) 
3965 (3985) records were available and the phenotypic mean and variance were 11.08 (103.2) 
and 2.62 (190.0), respectively. Collection of body tissue samples started from the second 
generation onwards and DNA samples were available for 1182 individuals, most of these 
individuals were selected for their phenotypic superiority in one of the two selection lines. 
Genotypes for 11 micro-satellite markers on chromosome four were scored (Table 1), however, 
a considerable number of genotypes were scrutinised due to poor gel amplifications. In a pre-
processing step of the statistical analysis missing values of marker genotypes were imputed 
when a genotype could be unambiguously inferred from the genotypes on relatives. In the 
Bayesian analysis remaining missing marker genotypes were not imputed and the number of 
(paternal and maternal) informative meioses was known a priori (Table1). The additional gain 
in power from further data augmentation may be marginal (Uimari and Sillanpää, 2001). 
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Table 1: Map position, number of alleles and paternal and maternal informative meioses 
(IM) for markers on chromosome four 
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Map1
 0 4 27 42 52 55 56 74 79 105 120 

# alleles 2 3 4 3 4 4 2 5 2 4 5 
IMPaternal 270 331 702 690 510 286 620 594 346 748 612 
IMMaternal 72 126 250 260 220 91 213 274 129 286 206 

1 Map locations were derived from the MARC-USDA consensus map (June 2001) 
 
Statistical analysis. For simplicity, we describe the statistical model for a single trait analysis 
(a multiple traits analysis in presented in Bink 2002). Let y denote the vector of dimension n of 
trait data. Let αl denote the two-dimensional vector [al  dl]T for the lth locus, either a MG or a 
QTL, i.e., all loci are bi-allelic, here, we fit only additive effects (a) and do not consider 
dominance (d). Now the following model can be assumed: 

  eZZWuXby ++++= ∑∑ MGQTL N

k kMGMG
N

l lQTLQTL ,, αα
where b is a vector of non-genetic effects, and e is a vector of residuals.  Incidence matrices X 
and W relate the trait data to the non-genetic effects and to the infinitesimal model (TIM) 
polygenic effects. The incidence matrices ZQTL,l and ZMG,l are typically unknown since the 
genotypes of individuals are unobserved. However, these incidences are inferred from the 
pedigree and phenotypic data (ZMG) and phenotypic plus marker data (ZQTL), whereas matrix A 
is fully determined by the pedigree. The number of MG (NMG) and the number of QTL (NQTL) 
are considered to be random variables and we wish to infer their distribution from the data.  
Similar to Sillanpää and Arjas (1998) we use a Poisson distribution with hyper parameter λ 
(=mean) as the prior distribution for the number of genes in the model. 
The non-genetic effects included in the model were overall mean, sex, batch, and pen (see also 
Sonesson et al., 1998). A priori, the overall mean and sex were assumed to be uniformly 
distributed, whereas batch and pen were assumed to be i.i.d. normal with zero mean and 
unknown variance. The prior on polygenic effects were N(0,Aσu

2), with A being the numerator 
relationship matrix (determined by pedigree), and σu

2 was assumed to be inverted chi-square 
distributed. For the putative MG and QTL, the additive effects were assumed to be uniform and 
the allele frequencies were assumed to be Beta-distributed. The genotypes for a locus are 
defined by founder alleles and segregation indicators (Thompson, 1994), with the founder 
population in linkage and Hardy Weinberg equilibrium. 
 
Markov chain Monte Carlo (MCMC) simulation. The conditional distribution of the data is 
assumed to be normal and combining this with the prior distributions lead to the required joint 
posterior density of all unknowns. From this joint posterior, the conditional distributions were 
derived that were required for MCMC simulation. In the MCMC simulation, the Gibbs sampler 
and the reversible jump sampler (Green, 1995) were used to obtain samples from the marginal 
posterior densities of random variables.  We ran Markov chains for the following statistical 
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models, i.e., I) single trait for backfat thickness, II) single trait for growth rate, III) bivariate for 
backfat thickness and growth rate and IV) bivariate without fitting any MG or QTL. 
 
Table 2: Prior and posterior probabilities for the number of QTL(NQTL) and the number 
of Major Genes (NMG) in two single trait analyses and a bivariate analysis 
 

NQTL Prior Backfat thickness Growth rate Bivariate 
/ NMG  QTL MG QTL MG QTL MG 

0 
1 
2 
3 
4 
5 

0.37 
0.37 
0.18 
0.06 
0.02 
0.00 

0.90 
0.10 
0.00 

 

0.00 
0.00 
0.01 
0.95 
0.04 
0.00 

0.86 
0.14 
0.00 

0.04 
0.83 
0.13 
0.00 

 

0.86 
0.14 
0.00 

0.00 
0.00 
0.00 
0.00 
0.97 
0.03 

 
RESULTS AND DISCUSSION 
Number of genes. The posterior distribution on the number of QTL revealed no evidence for 
QTL on chromosome four, i.e., analyses gave a high mass for zero QTL (Table 2). In the single 
trait analyses, the posterior probabilities revealed three MG for backfat thickness and one MG 
for growth rate, whereas in the bivariate analysis four MG were most likely (Table 2). No 
discovery of QTL for chromosome four may be explained by absence of segregating QTL in 
this population or by the lack of detection power from the marker data. 
Genetic parameters. In the analysis without QTL or MG, the posterior mean estimates for 
(TIM) polygenic heritability of backfat thickness and growth rate were 0.47 and 0.38, 
respectively, the genetic and environmental correlations were 0.39 and 0.28, respectively. In 
the bivariate analysis including the QTL and MG, the (TIM) polygenic heritability reduced to 
0.02 and 0.19 for backfat thickness and growth rate, respectively, while the (TIM) polygenetic 
correlation was –0.15 with a large posterior standard deviation (Figure 1). The residual 
correlation was now 0.23, very similar to the previous analysis. 
The point estimates for the MG from the bivariate analysis were very consistent to the point 
estimates from the two single trait analyses (Table 3). In the bivariate analysis, the first three 
MG seemed to act pleiotropic (with positive correlation between the effects), whereas the 
fourth MG was only affecting growth. The first three MG were fixed in the L-Line, but not in 
the F-line, the opposite was true for the fourth MG (Table 3).  
 
Table 3: Marginal posterior mean estimates for additive effects (a) for the traits backfat 
thickness and growth, and frequencies (p) of Major Genes 
 

 single single Bivariate 
MG abackfat agrowth abackfat

A agrowth
A pfounders

 pL-line
B pF-line

B 

A 1.15 - 1.19 0.32 0.91 1.00 0.75 
B 0.90 - 0.85 0.46 0.86 0.99 0.67 
C 0.50 - 0.46 0.24 0.74 0.97 0.52 
D - 0.91 0.01 0.84 0.06 0.05 0.00 

AThe additive effects are expressed in phenotypic standard deviation. 
B L (F)-line: youngest individuals in line selected for low backfat thickness (high growth rate). 
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Figure 1:  Marginal posterior densities for heritability of traits Backfat thickness (trait 1) 
and Growth rate (trait 2) and for genetic and environmental correlations, fitting a genetic 
model with polygenes (TIM), and Major Genes (=FPM) 
 
CONCLUSION 
Bayesian methodology was succesfully applied to analyse pedigree, phenotypic and marker 
data available on two Large White selection lines to identify different genetic components and 
estimate their magnitude. Four MG were identified, i.e., three for backfat thickness and one for 
growth rate. For backfat thickness, the MG explained all genetic variance while for growth 
rate, the MG reduced the polygenic variance significantly. The (TIM) polygenic correlation 
was negative, indicating that the positive genetic correlation between growth and backfat may 
be based on a few MG only. The unfavourable positive genetic correlation caused by these 
pleiotropic MG may also explain why such MG can still segregate in commercial populations. 
The Bayesian methodology is implemented in the software package FlexQTLTM. 
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