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INTRODUCTION 
A number of studies for detecting quantitative trait loci (QTL) in dairy cattle breeding were 
carried out especially focusing on correlated traits (e.g. Georges et al., 1995 ; Lien et al., 1995 ; 
Spelman et al., 1996 ; Zhang et al., 1998 ; Velmala et al., 1999 ; Kühn et al., 1999 ; Freyer et 
al., 1999 ; Ashwell and van Tassel, 1999) based on analyzing each single trait separately. The 
negative correlation between fat content and protein yield e.g. is caused genetically. In order to 
clarify effects of detected QTL on such traits, specifying multivariate QTL mapping methods is 
necessary which takes advantage of the correlated structure of the traits. It is distinguished by 
aiming at more than one trait, noticeable higher statistical power for detecting QTL and higher 
precision of parameter estimates compared to univariate QTL mapping methods (Jiang and 
Zeng, 1995 ; Almasy et al., 1997 ; Korol et al., 1995). In this study a multivariate QTL 
mapping method (Sørensen, 2000) was used for trying to find out if there is one QTL affecting 
simultaneously protein yield and fat content, with negative correlation (pleiotripic QTL), or if 
two trait-specific QTLs in close linkage affect the individual performances. We limited our 
hypotheses to testing for pleiotropy or two trait specific QTL, assuming that the existence of 
multiple QTL on chromosome (BTA) 6 affecting these traits is known according to the 
literature and from own previous results.  
 
MATERIAL AND METHODS 
Animals. A granddaughter design containing 298 genotyped sons of five sires from a German 
Holstein sample was subjected to the QTL analysis. The marker map involving 16 markers on 
BTA 6 (Kühn et al., 1999 extended) was also used by Freyer et al. (2002). We gratefully 
acknowledge the DFG grant WE 1786/2-2 and providing data by the VIT Verden. 
Multivariate mixed model. The multivariate mixed model with a QTL can be written in 
generalized matrix form as   

 y = Xβ + Zu + Wq + e   (1) 
where y is a n*t vector of observations on t traits, known (design) matrixes X, Z and W, further 
vectors β unknown fixed effects, u unknown additive polygenic effect, q unknown additive 
QTL effects of individuals and e residuals. Model (1) is considered as the full model and for 
tests of hypothesis, a number of sub models are derived from it. The random variables u, q and 
e are assumed to be multivariate normally distributed and mutually uncorrelated.  
Calculating IBD probabilities. Marker information is used to infer QTL IBD status (George 
et al., 2000). Transmission of linked markers can be followed from parents to offspring. 
Calculating IBD probabilities at the assumed QTL position is based on this information, thus 
yielding an expected gametic relationship matrix, conditional on QTL position and marker 
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information. In outbred populations, markers may only be partially informative. Here, 
information from all markers in the analysis was accounted for as described in Sørensen (2000) 
based on Wang et al. (1995). 
Average Information REML. The AI REML analysis maximizes the restricted likelihood 
with respect to the variance components (G0, K0 and E0). Preceding the AI REML analysis and 
using only marker data, the IBD matrix Q|M,p is computed, conditional on the QTL position. 
Maximizing a sequence of restricted likelihoods over a grid of specific positions, yields a 
profile of the restricted likelihood (Sørensen, 2000). The multivariate QTL mapping method 
became part of the DMU software package (Jensen and Madsen 1994 ; Jensen et al., 1997).  
Hypotheses testing. The hypothesis tests were realized using a likelihood ratio (LR) test 
statistic,                                             LR = -2(Lreduced-Lfull)    (2) 
where Lreduced and Lfull are the logarithms of the maximized likelihood under the reduced model 
and full model. Two closely linked QTL each having an effect on two different traits may 
behave as one pleiotropic effect in the analysis using a pleiotropic model (Jiang and Zeng, 
1995). Further the shapes of the likelihood profiles of the pleiotropic and the two trait specific 
model analyses were compared with the bivariate results focusing on one target trait.  
 
RESULTS AND DISCUSSION 
The BTA 6 is known to harbor several QTL for milk traits. The phenomenon of negatively 
correlated traits is of interest for clarifying the basis of inheritance. Fat content and protein 
yield are such traits, where the phenotypic correlation ranges from -0.11 to -0.20 according to 
several authors. Here the correlation due to polygenic and residual effects was -0.228 and -
0.054, respectively. Evaluating our results w.r.t. our main question we focus on the test statistic 
profile in the middle part of the chromosome, spanning the region between 40 and 80 cM. The 
test statistic profiles obtained from the trait specific bivariate analyses show a QTL region 
around 46 cM for fat content and around 70 cM for protein yield (Figure 1). This was 
confirmed by using different methods of QTL estimation as well (Freyer et al., 2002). The 
pleiotropic analysis suggested a QTL at a position of 51 cM influencing fat content and protein 
yield simultaneously (Figure 1). The shape of the pleiotropic profile seems to reflect both 
single curves on a higher test statistic level, emphasizing the fat content peak to be the 
pleiotropic region. The two trait specific model result confirmed QTL positions at 47 cM 
affecting fat content and at 70 cM for protein yield (Figure 2).  
 
Table 1. Estimates of variance components and the error of the estimates (±) resulting 
from two models focusing on both traits 
 

Fat content Protein yield Analysis 
model 

 
QTL 

variance 
Polygenic 
variance 

Residual 
variance 

QTL 
variance 

Polygenic 
variance 

Residual 
variance 

Pleiotropic  
 

   0.0046 
±0.0017 

   0.0082 
±0.0029 

   0.0024 
±0.0022 

 12.02 
±4.66 

 11.78 
±4.33 

 32.73 
±4.91 

Two trait 
specific 

   0.0046 
±0.0003 

   0.0063 
±0.0004 

   0.0038 
±0.0002 

   7.40 
±0.42 

   7.28 
±0.42 

  38.88 
±2.25 
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Figure 1. Test statistic profiles of the pleiotropic analysis model and the trait specific 
bivariate results for fat content and protein yield (chromosome wise 0.05 significance 
threshold at LR =7.8 for single trait analysis)  

 
 

Figure 2. Two dimensional contour plot of the highest test statistic regions (cM) for fat 
content (x-axis) and protein yield (y-axis) resulting from the close linkage model 
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The estimated QTL variance components from both two trait directed models differ for protein 
yield (see Table 1), whereas in fat content there is only a change in polygenic and residual 
variance. The error of the estimates from the pleiotropic model analysis was clearly higher in 
each case (Table 1); thus results from the two trait specific model should be more reliable. The 
LR level of the pleiotropic analysis was slightly superior and also the AIC comparison focused 
on the pleiotropic model (450.04 vs. 456.03). But the test statistic profiles clearly show two 
different positions of putative QTL for both traits with a distance of 23 cM, confirming, the 
analysis aimed at one target trait each.  
 
CONCLUSION 
Even if the higher test statistic level suggested a superiority of the pleiotropic model, we 
clearly noticed two trait specific QTL positions for fat content at 47 cM and for protein yield at 
70 cM in the two dimensional plot. This was in agreement with the results of the bivariate 
analyses based on the model aimed at one target trait separately, which provided lower errors 
of the estimates. So we do not assume a pleiotropic QTL for these negatively correlated traits. 
A finemapping study might provide results clearing up this finally. 
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