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INTRODUCTION 
Experiments to detect and locate quantitative trait loci (QTL) in livestock species have become 
more common, driven by the potential for increased genetic gain in traits of economic 
importance. Various statistical methods have been applied to a variety of experimental designs. 
With commercial livestock, designs commonly measure phenotype and genotype on half-sib 
families, because of the higher reproductive capacity of males. One approach often applied in 
livestock QTL detection experiments is selective genotyping, in which only animals with 
extreme phenotypes are genotyped (Lebowitz et al., 1987 ; Lander and Botstein, 1989 ; 
Bovenhuis and Spelman, 1998). This strategy can result in a large increase in power because 
much of the linkage information resides in individuals with extreme phenotypes. However, 
although simple regression methods can be used to estimate parameters with selective 
genotyping, the estimates will be biased. Alternatively, Henshall and Goddard (1999) showed 
that logistic regression could estimate QTL effects in this situation without bias. In this paper, 
we will compare the Henshall and Goddard (1999) method with a conventional method using 
selective and non-selective populations. 
 
MATERIALS AND METHODS 
Animals. A candidate gene marker developed from a beef tenderness QTL in a CRC marker 
project was used in this study. Two groups of beef cattle consisting of temperate (Angus, 
Hereford and Shorthorn) and tropically adapted (Brahman, Belmont Red and Santa Gertrudis) 
breeds were used for the marker evaluation. They were chosen from the CRC DNA Bank. 
Information stored in the CRC Database was used to select animals. A full description of the 
CRC breeding program, fixed effects, database and DNA bank is given in Upton et al. (2001). 
The first group of animals had extreme instron compression values for the m. semitendinosus 
(STIC). Instron compression is an objective measure of meat toughness that primarily 
measures differences in connective tissue content between muscles (Harris and Shorthose, 
1988). In essence, the procedure was to select cattle in each cohort which were of extreme 
phenotypes, ensuring that no sire was represented by a cluster of offspring and that extremes 
were not biased by being representative of a particular market or finishing regime (Barendse, 
1997). The second group consisted of both extreme and non-extreme animals. The non-
extreme animals were chosen on the basis they had informative heterozygous sires. A large 
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data set was available of many breeds, consisting of 916 individuals in total, where the overall 
analysis of the DNA marker showed association to STIC (data not shown). However, such 
sample sizes are not usually available, and the methods will usually be applied on smaller data 
sets. To match the usual sample sizes, and to simplify the genetic analysis for the purposes of 
illustration, we examined each breed independently to determine whether one was suitable by 
itself. Of the 6 breeds, the Santa Gertrudis was suitable and the data are presented in this paper. 
A total of 73 individuals formed the extreme population and 257 individuals formed the 
combined population (73 extreme + 184 non-extreme). The distribution of the marker 
genotypes is shown in table 1. 
 
Table 1. Distribution of the marker genotypes in the two Santa Gertrudis populations 
 

Population Extreme Combined 
Marker Genotype G11 G12 G22 G11 G12 G22 
Number 42 29 2 156 86 15 

 
The marker had two alleles (1 and 2) and three genotypes (G11, G12 and G22). As G22 genotypes 
were very rare in both cases, they were removed from the final data for analyses. The 
information on data structure of both populations is given in table 2.  
 
Table 2. Part I: Number of sires and contemporary groups within each marker genotype 
class. Part II: Number of animals in each finish/market class  
 

 Effect Extreme Combined 
  Total G11 G12 Total G11 G12 
Part I Sire  35 27 18 41 34 28 
 Contemporary 

GroupA 
53 35 26 97 76 50 

Part II Finish 
Pasture South 

    
17 

 
9 

 
8 

 Pasture North 10 4 6 69 43 26 
 Grain South 24 13 11 58 38 20 
 Grain North 37 25 12 98 66 32 

 Market 
Domestic 

 
23 

 
14 

 
9 

 
88 

 
51 

 
37 

 Korean 39 20 19 114 72 42 
 Japanese 9 8 1 40 33 7 

A Contemporary group was defined as the combination of herd of origin, cohort and kill code. 
 
From table 2, there were common sires and contemporary groups across both genotypes in 
both populations. This is very important as sire and contemporary group effects could 
confound with marker effects if they were only present in one marker genotype and not the 
other.  
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Statistical analyses. Two-step statistical analyses were carried out. Prior to the methodology 
comparison, the mixed model procedure (MLX) in SAS (version 8.02) was applied to analyse 
the combined data. Finish was designated as a fixed effect in the model, while sire and 
contemporary groups were treated as random effects. The statistical model used was : 
 
Trait = mean + sire + contemporary group + finish +carcass weight within market endpoint 
 
Individuals that were not effectively electrically stimulated were removed from the dataset 
prior to analysis. Carcass weight within market endpoint (Japanese, Korean, domestic) was 
used as a covariate to adjust for differences in weight and to a lesser extent, age effects. After 
adjusting for any significant effects, the residual phenotype values were derived for the 
extreme and the combined populations.  
 
The second step involved the methodology comparison. Within each population, linkage 
disequilibria was tested using a conventional single trait (STIC) generalized linear model 
procedure (GLM) in SAS (Version 8.02). Here, the marker was treated as a fixed effect and 
the least-square mean obtained for each genotype. The logistic regression method (Henshall 
and Goddard, 1999) was then performed. The logistic regression method (LR) is regression 
based, but instead of regressing phenotype (STIC) on genotype (marker), the regression is 
genotype on phenotype. This replaces the assumption that phenotypes are unselected with the 
assumption that there was no selection based on genotypes. Based on the estimate of the slope 
from the logistic regression output, the marker effect can then be calculated from the formula 
suggested by Henshall and Goddard (1999).  
 
RESULTS AND DISCUSSION 
Estimates and significance levels of least square effects from the GLM and genotype effects 
from the logistic regression in two populations are given in table 3.  
 
Table 3. Estimate of marker genotype effect in two Santa Gertrudis populations. 
Significance level is designated by P 
 

Population Extreme Combined 
STIC B (kg) 1.98 ± 0.268 2.12 ± 0.242 
Method GLM LR GLM LR 
P 0.0085 0.0114 0.0005 0.0008 
Marker Effect 0.166 ± 0.0614C 0.142 ± 0.0593 0.114 ± 0.0324 0.108 ± 0.0342 

B Population mean and standard deviation. C Standard error 
 
When the extreme population was used, the conventional GLM procedure with fitting of the 
marker as a fixed effect showed a relatively big difference in both significance level and 
genotype effect in comparison to the estimates from the logistic regression method. As 
expected, the logistic regression gave smaller marker effect than the GLM method.  
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In the combined population, the estimates from the GLM and LR methods were very similar in 
both significance level and marker genotype effect. It is obvious that in the extreme population 
both GLM and LR methods had overestimated the true genotype effects. The standard errors of 
the estimates of marker effects in this case were nearly twice as that observed in the combined 
population. The larger standard errors in the extreme population were due to the sampling 
effect.  
 
There was a strong association of the gene marker with the instron compression measurement 
of m. semitendinosus (P < 0.05) that was consistent across both populations (extreme and 
combined). In the current study, the marker genotype 22 was a rare event. Therefore the 
response variable (gene marker) can be regarded as binary and a logistic regression method is a 
reasonable approach. 
 
The results demonstrate that the conventional GLM and logistic regression methods are 
comparable in both significance level and estimate of effects. The logistic regression method is 
applicable regardless of whether or not selective genotyping is applied. In the selective 
genotyping case both GLM and logistic regression methods overestimate marker genotype 
effects and the conventional GLM method tends to give higher estimates of significance and 
marker effect. The estimation of the effects of QTL in traits correlated to the trait in which 
selective genotyping occurred can be problematic (Weller et al., 1997) if conventional 
methods are used. Unless the selective genotyping and the correlation are taken into account, 
parameter estimates in the correlated trait will be biased. With logistic regression method, as 
demonstrated by Henshall and Goddard (1999), multi-trait QTL analysis becomes a 
straightforward application of standard statistical software (e.g. SAS program). 
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