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INTRODUCTION 
Studies for detection of Quantitative Trait Loci (QTL) in animal populations in the last decade 
showed evidences for loci determining quantitative traits of agricultural interest in many 
species. Whereas hypothesis on genetic determinism of the traits, as well as results from single 
trait detection, often suggested the existence of loci influencing several traits, most statistical 
methods used in such frameworks were aimed to detect QTL determining only one trait. 
Specific algorithms, called multitrait, have been developed to test such a hypothesis, exploiting 
information of residual and/or genetic correlations between traits (Gilbert and Le Roy, 2002). 
This communication presents a comparison of power of some of these methods in the context 
of an intercrossed population, with a mixture of full- and half-sib families, as in most QTL 
detection programs in pig (Bidanel and Rothschild, 2002). 
 
MULTITRAIT METHODS 
Multivariate method. Usually, in single trait strategy (ST), the penetrance function is 
supposed to be normal, with means equal to, QTL effects and variances possibly estimated 
within half -or/and full- sibs families (Elsen et al., 1999). Multitrait analyses were generally 
carried out modifying this penetrance function. First techniques (Jiang and Zeng, 1995; Korol 
et al., 1995) were based on multinormal penetrance functions. Parameters characterising traits 
were estimated together, jointly with the residual correlation coefficients between traits. These 
methods were developed to analyse crossing between inbred lines. However, when analysing 
pedigrees of domestic animals, the number of parameters becomes unaffordable as the number 
of traits increases, dramatically increasing computing time and limiting power of detection. 
 
Principal Component Analysis (PCA). To overcome the problem of number of parameters to 
estimate together, Weller et al. (1996) proposed to univariatly analyse linear combinations of 
the traits, each summarising a part of the information on the relationships between traits. This 
was obtained by Principal Component Analysis (PCA) technique. The transformation was 
carried out from the phenotypic covariance matrix, leading to as many phenotypically 
independent variables as traits. This method is easy to implement but, as it is performed from 
phenotypic data, it implies that residual variability within QTL genotypes and phenotypic 
variability are of the same magnitude. Otherwise, the variability explained by the QTL can be 
split out between different component variables, reducing the power of detection (Mangin et 
al., 1998). Finally, the transformation does not account for the familial structure of the 
population. 
 
Discriminant Analysis (DA). More recently, Gilbert and Le Roy (2001), following the same 
principle, proposed to apply Discriminant Analysis (DA) technique. This established one linear 
combination depending on the location tested on the linkage group to better take into account 
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putative QTL effects. This variable maximised the ratio of the genetic variability (due to the 
putative QTL) and the residual variability (due to any other reason). The variabilities were 
estimated by splitting out the progeny into two groups depending on the chromosomal segment 
they received from their sire at the tested position. Of course, it is the best way to discriminate 
QTL effects within sire families, but if sires and dams have the same QTL alleles, as in 
intercross designs between breeds fixed for the QTL alleles, it is also the best way to estimate 
QTL effects within full-sib families. Two different strategies were applied to define the groups. 
First, the transformation was simply performed on the overall population (PDA), as for PCA, 
without accounting for the familial structure. Two groups of haplotypes depending on the 
grand parental origin of the haplotype transmitted from the sire were then considered in the 
population. However, such a transformation supposed at least that QTL alleles in the grand 
parental breeds had different frequencies, to make the between group variability be high 
enough. Second, the linear combination was estimated within sire family (FDA). Supposing the 
number of progeny per sire (nps) is large enough to estimate the covariance matrix, it was 
hoped to improve the test statistic when QTL alleles were not fixed in the grand parental 
populations. But when considering only the sire to perform the transformation, each non 
informative sire made also losing the maternal information from its mates. 
 
COMPARISON OF POWER 
Principle. We compared methods using simulated data sets. Considering one position on a 
linkage group, the hypothesis H0 “there is no QTL for the traits on the linkage group” was 
tested vs H1 “there is a QTL determining at least one trait”. The test statistic was an 
approximate Likelihood Ratio Test (LRT), and whatever be the method, parameters were 
estimated within half- and full-sibs families (Le Roy et al., 1998). On each replicate, five 
methods were successively applied: ST, PCA, PDA, FDA and the sum at each position of the 
LRT of the principal component variables, which mimics the multinormal method (sPCA, 
Mangin et al., 1998). We performed 2000 simulations under H0 to estimate chromosomewise 
thresholds at the 5% level, and 1000 simulations under H1 to determine powers. For ST and 
PCA, thresholds were corrected for the number of analysed variables by a Bonferroni 
correction. Because the variables in both methods are not independent, it led to too 
conservative thresholds. But as the correlation between the variables was low (<0.2) in the 
simulated examples, the resulting loss of power was low. 
 
Experimental design. The population came from an intercross design between two F0 grand 
parental populations, respectively one population of grand sires and one population of grand 
dams. The 3 generations were denoted F0, F1, F2. Five hundred F2 progeny were simulated, 
with 25 progeny per F1 dam. The number of F1 sires varied from 2 to 10, making nps vary 
from 250 to 50. Nine genetic markers evenly distributed on a 1 Morgan-long linkage group 
were simulated, with 5 isofrequent alleles each. We considered two traits with equal 
heritabilities of 0.2, residual variances of 1 and a residual correlation between the traits equal to 
-0.4. Under the H1 hypothesis, a QTL influencing the two traits was located at 31 cM on the 
linkage group. Its two alleles, denoted 1 and 2, had an additive substitution effect of 0.50 on 
each trait. 
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Concerning the frequencies of the QTL alleles in the grand parental populations, two different 
situations were studied. In the first one, the QTL was supposed segregating in the two grand 
parental breeds with fp(1)=fm(2) varying between 1 and 0.5, where fp(i) and fm(i) (i=1,2) were 
the frequencies of allele i in the grand sire and in the grand dam populations respectively. 
Except when fp(1)=fm(2)=1, the 4 QTL genotypes were present in the F1. In a second set of 
simulations, we supposed that the QTL segregated in only one of the grand parental breeds, 
with fp(1) varying between 1 and 0.25 and fm(2)=1. With these situations, we intended to 
consider more realistic experimental designs for QTL detection with crossing between selected 
and exotic populations. 
 
RESULTS AND DISCUSSION 
QTL segregating in the two grand parental populations (Table 1). When fp(1) and fm(2) 
were equal to 1, grand parental alleles were fixed, and the best method considering power was 
PDA, followed by PCA, whatever be nps. As fp(1) decreases, PDA and PCA powers tended to 
reduce faster than those of FDA and sPCA. The fastest decrease concerned PDA which turned 
to be the less powerful method when alleles 1 and 2 were isofrequent. This should be due to the 
equiprobability of the four QTL genotypes in the F1 generation, which makes the two groups 
of progeny being identical and then the discriminant strategy on the population being 
inefficient. Actually, PDA did not lose so much power compared to the other methods, 
certainly due to the low number of sires in the design (from 2 to 10), implying great sampling 
variations in the really simulated designs. sPCA was more powerful than FDA when nps was 
low, but less powerful when it was high, whatever be fp(1). It is due to an improvement in the 
estimation of the within-family covariance matrix, associated with a decrease in the number of 
parameters to estimate in the transformation, as nps increases. On the other hand, FDA led to 
better results than PDA when nps was greater than 100 and fp(1) lower than 0.65.  
 
Table 1. Power (%) when the QTL is segregating in the two grand parental populations 
 
fp(1)A 0.5 0.625 0.75 0.875 1 
npsB 50 100 250 50 100 250 50 100 250 50 100 250 50 100 250 
PDA 26.6 32.3 40.3 29.1 37.9 48.1 43.7 50.6 56.0 60.3 67.4 70.3 81.1 86.2 87.8 
FDA 25.7 35.8 43.3 25.2 37.8 50.1 34.2 48.3 55.6 45.8 61.1 67.6 62.5 78.4 85.7 
PCA 29.3 37.0 41.7 30.4 41.7 46.9 40.5 52.4 56.4 55.3 67.5 68.3 73.2 82.7 86.2 
sPC
A 

28.4 36.1 34.9 29.2 37.7 40.9 36.0 49.7 46.5 48.8 59.5 58.6 66.8 77.6 74.1 

ST 8.7 11.1 10.2 11.0 10.4 11.8 11.9 15.2 15.2 16.9 19.1 18.5 23.5 25.2 26.0 
A QTL allele 1 frequency in the grand sire population = QTL allele 2 frequency in the grand 
dam population ; B number of progeny per sire. 
 
QTL segregating in only one of the grand parental populations (Table 2). Compared to the 
previous situation, two points were to highlight. First, as only one class of heterozygous existed 
in the F1 generation, PDA was the more powerful method in most cases and FDA was then 
almost never more powerful than PDA. Second, even if there was an excess of the allele 2 in 
the F2 generation, implying a deformation of the phenotypic data in direction of the 2/2 
homozygous genotype, power of PCA did not decrease more than those of other methods. 
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Table 2. Power (%) when the QTL is segregating in only one grand parental population 
 
fp(1)A 0.25 0.5 0.75 1 
npsB 50 100 250 50 100 250 50 100 250 50 100 250 
PDA 14.1 16.0 22.1 34.2 41.1 43.9 59.4 64.6 67.2 81.5 85.7 90.5 
FDA 11.2 17.1 21.5 25.2 34.5 43.8 43.8 58.3 65.1 64.5 78.9 89.0 
PCA 11.5 15.3 19.7 29.6 39.9 43.1 52.0 63.4 66.2 74.8 81.5 87.5 
sPCA 13.8 17.9 18.3 26.4 36.3 37.6 48.0 57.1 55.7 66.1 73.9 77.0 
ST 5.8 5.9 5.3 9.7 12.0 9.1 16.5 18.2 18.0 22.8 25.5 28.5 
A QTL allele 1 frequency in the grand sire population (QTL allele 2 is fixed in the grand dam 
population) ; B number of progeny per sire. 
 
Finally, in the situations studied, multitrait methods are still much more powerful than ST, 
even when transformations do not correspond to the complexity of the data. It must be 
emphasised that very similar results are obtained for the accuracy of the QTL position 
estimates (results not shown). 
 
CONCLUSION 
The multitrait methods presented in this paper allow rapid detection of chromosomic regions 
determining several traits. DA, by exploiting both genetic and residual correlations between 
couples of traits, is known to be more powerful than PCA. We showed in this study that the 
multitrait transformation techniques, even if they ignore the familial structure, are adapted for 
the detection of QTL in crossing between outbred populations. Further investigations are 
needed to test their ability to distinguish between pleiotropic QTL and closely linked QTL and 
to carry out marker-assisted selection on such QTL. 
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