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INTRODUCTION 
In mapping QTL in dairy cattle the “grand daughter” design (Weller et al., 1990) has been 
used widely (Georges, et al., 1995). This method requires large half-sib families to create 
enough power to detect the QTL. However, in many populations, the families of progeny 
tested males are too small for a grand-daughter design, but there are many relationships 
between families that could be used in mapping QTL. Also, to implement marker assisted 
selection (MAS) most effectively, QTL effects must be estimated for each allele in the 
population. Therefore, for QTL mapping and for MAS, we need to analyze marker data in 
complex pedigrees. However, mapping in these complex populations is difficult due to 
incomplete marker data, i.e. ungenotyped animals, uninformative markers, unknown linkage 
phases, unknown numbers of segregating QTL alleles and unknown marker and QTL allele 
frequencies (George et al., 2000). Therefore the aims of this experiment were : 1) to detect 
QTL in a complex real-life pedigree, 2) to estimate QTL allele effects for MAS. One way to do 
this is to estimate variance components and QTL allele effects in a Fernando and Grossman 
(1989) model. This requires an estimate of the probability that QTL alleles are identical by 
descent and for this we use a Gibbs sampling method. The Fernando and Grossman model 
implies that there are an infinite number of QTL alleles and, when multiple traits are analyzed, 
the correlation between the effects of these alleles on different traits can be estimated. 
However if there are really only two QTL alleles segregating, then the correlations between 
QTL effects should all be +1 or –1 (Goddard, 2001). We have tested whether the observed 
correlations depart significantly from +1 or –1 
 
MATERIALS AND METHODS 
Sample Collection and Pedigree Design. Semen from 501 bulls, progeny tested from 1992 to 
1996, were received from Genetics Australia Co-Op. With the addition of ancestors these bulls 
formed a 671 bull complex pedigree . 
 
Genotyping. The 501 progeny tested bulls were genotyped for 2 microsatellite markers, 
CSSM066 (Barendse et al., 1994) and ILSTS011, from chromosomes 14 and 2 microsatellite 
markers, BM713 and BM1225, from chromosome 20 (Bishop et al., 1994).  
 
Phenotype data. Progeny test results, in the form of Australian Breeding Values (ABV’s), 
were collected from the Australian Dairy Herd Improvement Scheme (ADHIS), on 5 traits, 
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protein yield (kg), fat yield (kg), milk yield (kg), protein percentage and fat percentage, and 
these were converted to daughter yield deviations (DYD). 
 
Statistical Analysis. Statistical analysis involved mapping QTL by estimation of variance 
component. The statistical model used was : 
 y  = µ + Za + Wg + e 
where : y is the daughter yield deviation, µ is a mean, a is the additive genetic effect caused by 
genes other than the QTL, g is the qtl effect and e is error. a and g are normally distributed as 
follows : a ~ N(0, Aσa

2) and g ~ N(0, Gσg
2), where A is the additive genetic relationship 

matrix and G is the gametic relationship matrix for the effects of the QTL and is based on 
marker information. That is Gij is the probability that QTL allele i is identical by descent to 
QTL allele j. This is calculated using Gibbs sampling. σa

2 and σg
2 were then estimated by 

restricted maximum likelihood using ASREML (Gilmour et al., 2001). 
 
RESULTS AND DISCUSSION 
Table 1 shows the statistical significance of QTL effects on chromosomes 14 and 20. The 
statistic shown is 2*Log Likelihood of the QTL component of variance, which has an 
approximate χ2 distribution with 1 degree of freedom. The table shows the likelihood that the 
QTL is located at CSSM066, half way between CSSM066 and ILSTS011 (mid point), or at 
ILSTS011. It is clear that there appears to be a QTL on chromosome 14 which has significant 
effects on all 5 traits, with the largest effect on fat % and the QTL most likely located closest 
to CSSM066. There also appears to be one or two QTL on chromosome 20 effecting milk 
yield, fat percentage and protein percentage. For protein % the QTL appears closest to BM713 
but for milk yield the evidence favours BM1225. This could indicate 2 QTL or one QTL with 
sampling error in its most likely position.  
 
Table 1. The statistical significance of QTL effects for markers located on chromosomes 
14 and 20. The statistic shown is 2*Log Likelihood of the QTL component of variance, 
which has a χ2 distribution with 1 degree of freedom 
 
Chromosome Trait CSSM066 Mid point ILSTS011 

Milk yield 11.38** 6.52* 0.32 
Protein yield 4.08* 1.66 0.02 
Fat yield 5.98* 4.76* 2.56 
Protein % 8.06** 7.10* 4.68* 

Chromosome 14 

Fat % 47.98*** 41.55*** 26.51*** 
Chromosome Trait BM713 Mid point BM1225 

Milk yield 2.90 5.14* 6.25* 
Protein yield 0.32 1.14 2.52 
Fat yield 0.06 0.00 0.98 
Protein % 18.08*** 15.32*** 9.54** 

Chromosome 20 

Fat % 4.05* 4.81* 2.83 
* P < 0.05  ** P < 0.01  *** P < 0.001 
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These results appear to be consistent with published findings that there is a QTL segregating 
on chromosome 14 with a large effect on fat percentage (Boichard et al., 2000 ; Heyen et al., 
1999 ; Riquet et al., 1999 ; Zhang et al., 1999), and chromosome 20 with a large effect on 
protein percentage (Boichard et al., 2000 ; Georges et al., 1995 ; Zhang, et al., 1999). 
Table 2 shows the proportion of the genetic variance that is attributed to the QTL that was 
found to be statistically significant. We can see that the QTL on chromosome 14 and linked to 
CSSM066 accounts for around 10 % of the genetic variance for protein yield, fat yield, milk 
yield and protein percentage, but it also accounts for almost 50 % of the genetic variance of fat 
percentage. The QTL on chromosome 20 linked to BM713 also accounts for a large 
proportion, 45 %, of the variance in protein percentage and only 6 % of the variance for fat 
percentage, and the QTL linked to BM1225 around 15 % of the variance in milk yield and 
protein percentage. 
 
Table 2. Proportion (%) of the genetic variance attributed to QTL found to be 
statistically significant 
 
 Protein Fat Milk Protein % Fat % 
Chr 14 
CSSM066 

6.75 
* 

13.41 
** 

11.25 
*** 

9.30 
** 

46.85 
*** 

Chr 20 
BM713 

   45.16 
*** 

6.89 
* 

Chr 20 
BM1225 

  13.99 
* 

17.90 
* 

 

* P < 0.05  ** P < 0.01 *** P < 0.001 
 
Analysis was also performed using milk yield, protein percentage and fat percentage in a 
multi-trait model. The correlations between the 3 traits for the QTL component were close to 1 
between protein percentage and fat percentage and close to –1 between milk yield and both 
percentages. When the correlations were fixed to 1 and –1 there was no significant fall in the 
log likelihood. This result is consistent with there being only 2 alleles segregating at each 
QTL. 
The analysis predicts the effect of the QTL genotype on DYD for each animal for each trait 
(i.e. predicted QTL transmitting ability). Marker assisted selection (MAS) would use these 
estimates together with the estimated polygenic breeding value. For the chromosome 14 QTL 
the standard deviation of predicted QTL transmitting ability was 67 L for milk, 0.08 % for fat 
% and 0.02 for protein %. For the chromosome 20 QTL the standard deviations of estimated 
QTL transmitting ability are 67 L, 0.05 % fat and 0.03 % protein. These are the values on the 
DYD scale and so must be doubled to obtain EBVs. They are large enough that useful 
selection could practiced for fat % and protein % if this was desired. The use of a complete 
pedigree has two advantages for MAS. Firstly, the effects of all QTL alleles are estimated and 
so are available for selection. Secondly, QTL alleles are traced over several generations and so 
their effect can be estimated accurately even in animals without progeny, such as young bulls 
prior to progeny test. 
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CONCLUSION 
In conclusion we were able to detect and map QTL in a large complex pedigree. We found that 
there are QTL segregating in modern bull breeding families on chromosomes 14 and 20, and 
we were able to estimate allelic effects that could be used in marker assisted selection. The 
correlations between the effect of QTL alleles on milk, fat % and protein % were not 
significantly different from +1 or –1 which is consistent with the presence of only 2 alleles at 
each QTL. 
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