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INTRODUCTION 
To date, most statistical methods commonly used for mapping QTLs in animals have been 
focused on experimental populations, such as backcross, daughter design, granddaughter 
design, or F2 generation from two divergent inbred or outbred lines. However, there is a 
growing need for mapping QTLs in general pedigrees because of the increasingly availability 
of marker data in animal populations. Recently, Grignola et al. (1996, 1997) and Zhang et al. 
(1998) proposed a variance component method for mapping QTLs in half-sib families. 
Although this method is in theory applicable to general pedigrees as well, it has never been 
reported in the literature. Therefore, in this study, we modified the variance component method 
and employed the GAW12 simulated data (Almasy et al. 2001) to demonstrate its capability 
for mapping QTLs in general pedigrees. 
 
MATERIAL AND METHODS 
Methods. The variance component methods is based on the following model:  
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where β is a vector of fixed effects, u is a vector of polygenic effects, v is a vector of QTL 
allelic effects, e is a vector of residual effects, A is an additive genetic relationship matrix, and 
Q is a covariance matrix among QTL allelic effects. Note that in this model the QTL effects 
are assumed to be random. The elements in the Q matrix are identity-by-descent (IBD) 
probabilities of alleles between or within individuals and can be calculated with a recursive 
algorithm (Wang et al., 1995). However, for pedigrees with incomplete marker information, 
direct application of the recursive algorithm is impossible, thus Q has to be replaced by its 
expectation conditional on the observed marker data (Mobs) 
          Q  ∑=
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where Mi is a particular set of phase-known marker genotypes on the pedigree and QMi is the 
IBD matrix conditional on Mi. As usually, this expectation is approximated by a Monte Carlo 
method (Hoeschele, 2001).   
 
For each chromosome position, the Q matrix is calculated, the variance components are 
estimated by restricted maximum likelihood method using derivative-free algorithm, and  the 
presence of QTL is tested via the likelihood ratio (LR) test statistic 
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where and are the residual maximum likelihood values under the null 
hypothesis (no QTL present) and the alternative hypothesis (QTL present), respectively. This 
statistic follows approximately a χ2 distribution with degree of freedom between 1 and 2. 

0max H|L Amax H|L

 
Dataset. The genetic analysis workshop (GAW) 12 simulated general population data (Almasy 
et al. 2001) was used to demonstrate the capability of the modified method for mapping QTLs 
in general pedigrees. This data set was generated by a group of human geneticists for studying 
methods for analyzing both quantitative and oligogenic disease traits.  Briefly, the data set 
consists of simulated phenotyic and genotypic data for 23 extended pedigrees with 1497 total 
individuals. Of them 1000 have phenotypic records on five quantitative traits and a binary 
disease trait. A total of 2855 microsatellite 
markers are spaced an average of 0.9979 
cM apart on 22 autosomes, with a range of 
58 to 220 markers per chromosome. Each 
marker has 4~16 alleles with a mean 
heterozygosity of 0.827. In addition to 
polygenic effects, sex, age, and two 
environmental effects, the quantitative 
traits are influenced by major genes. The 
model for the phenotypes of the 
quantitative traits is illustrated in Figure 1. 
The locations and effects of the major 
genes are given in Table 1. Fifty replicates 
are available in the dataset. 
 

 
 
Figure 1. Model for generating 
phenotypes of the quantitative traits  
Qi: ith quantitative trait, MGi: ith major 
gene, Ei: ith environmental factor 

 
Table 1.  Chromosomal locations and effects of the major genes 
 

Location EffectB Major 
gene Chrom. PositionA Q1 Q2 Q3 Q4 Q5 
MG1 19 42 .39 .15 - - - 
MG2 2 173 .24 .21 - - - 
MG3 9 114 - .14 .34 .30 - 
MG4 17 52 - - .39 .33 .88 
MG5 1 137 - - - - - 

A in cM from the p-terminal; B fraction of QTL variance to total genetic variance 
 
RESULTS 
The GAW12 data was analyzed with the model 
           Y = µ + SEX + AGE + E1 + E2 + u + v + e 
where u and v are polygenic and QTL allelic effect, respectively. To match the real QTL 
mapping situation, the simulated markers were chosen randomly at about 10 cM interval.  
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Results for quantitative traits 1 (Q1) and 2 (Q2) and for chromosomes 19, 9, and 6 from 5 
replicates are summarized in Table 2 and Table 3, respectively.  For Q1, there is a simulated 
QTL with a large effect on chromosome 19 at position 42 cM (see Table 1). This QTL was 
identified with a p-value <0.01 in all 5 replicates with position estimates very close to the true 
position and 95% confidence interval ranges from 8 to 17 cM. However, the QTL effect was 
underestimated. There is no QTL for Q1 on chromosomes 9 and 6. Three false positives (two 
for chromosome 9 and one for chromosome 6) were mapped in all 5 replicates.  For Q2, there 
are two simulated QTLs with a small effect, one on chromosome 19 at position 42 cM and the 
other on chromosome 9 at position 114 cM. The first QTL was identified in 3 of 5 replicates 
with acceptable position estimates. The second QTL was identified in 4 of 5 replicates.  In one 
replicate the estimated position was deviated from the true position. The QTL effects, however, 
were overestimated. There were no false positives identified for Q2. Figure 2 shows two 
representative likelihood profiles from replicate 1. 
 
Table 2.  LR and estimated QTL positions and effects for trait 1 (Q1) 
 

Chr Para R1 R2 R3 R4 R5 
19 LR 

Position 
CI95A 
Effect 

28.28** 
41 

35~45 
0.35 

11.58** 
43 

36~49 
0.24 

43.28** 
40 

36~44 
0.36 

18.77** 
47 

40~57 
0.25 

13.38** 
50 

45~57 
0.26 

9 LR 8.57* 0.90 4.39 2.37 7.47* 
6 LR -0.00 0.46 8.10* 2.96 0.10 

A 95% confidence interval calculated with LOD drop-off method; ** above threshold from 2 df 
χ2 distribution at 1% level; * above threshold from 2 df χ2 distribution at 5% level 
 
Table 3.  LR and estimated QTL positions and effects for trait 2 (Q2) 
 

Chr Para R1 R2 R3 R4 R5 
19 LR 

Position 
CI95A 
Effect 

11.37** 
40 

34~48 
0.18 

4.54 3.81 6.40* 
52 

40~58 
0.17 

17.32** 
49 

43~55 
0.26 

9 LR 
Position 
CI95A 
Effect 

9.51** 
109 

95~116 
0.22  

2.58 9.04* 
61 

45~68 
0.19  

8.19* 
118 
93~ 
0.23  

6.37* 
113 
94~ 
0.20  

6 LR 0.06 1.72 1.62 4.47 -0.00 
A 95% confidence interval calculated with LOD drop-off method; ** above threshold from 2 df 
χ2 distribution at 1% level; * above threshold from 2 df χ2 distribution at 5% level 

Session 21. Detection of QTL Communication N° 21-15 



7th World Congress on Genetics Applied to Livestock Production, August 19-23, 2002, Montpellier, France 

0
5
10
15
20
25
30

0 20 40 60 80 100 120
Chromosome position (cM)

LR

0
2
4
6
8
10

0 20 40 60 80 100 120
Chromosome position (cM)

LR

 
     Trait 1, chromosome 19                                Trait 2, chromosome 9 

 
Figure 2. Likelihood ratio profiles from one replicate, the strait lines represent the 
threshold from 2 df χ2 distribution at 1% level  
  
CONCLUSION 
Our results demonstrated that the variance component approach is a potential powerful method 
for mapping QTLs in general pedigrees, which is commonly seen in both livestock and in 
human populations. Although other approaches such as Bayesian method (e.g. Uimari and 
Hoeschele, 1997) can also be used for analyzing general pedigrees, the variance component 
method appear to be more attractive because it is less computing intensive and less 
parameterized as it does not require to specify the number of alleles and to estimate their 
frequencies. The GAW12 has been analyzed by several other groups (Cheng et al., 2001; 
Hsueh et al., 2001) using different methods, e.g. S.A.G.E. (S.A.G.E., 2000), GeneHunter (Daly 
et al., 1998), and SOLAR (Almasy and Blangero, 1998). Compared with these reports, we 
found that in most cases, our results were better in terms of QTL position estimation, power 
and false positives. 
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