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INTRODUCTION 
Studies of genetic diversity make use of anonymous genetic markers to assess the level of 
general genetic variation within populations and to construct genetic relationships among 
populations.  This information is then used to select populations for conservation based on 
whether the population is genetically unique or contributes to a greater degree to global 
diversity than other populations. Current methods for assessing genetic variation and 
relationships do not, however, at present link genetic variation to functional phenotypic 
differences among populations. A method of identifying genes responsible for complex or 
quantitative trait differences, by evaluating the correlation between genotypic distance and 
phenotypic difference between lines, has recently been proposed (Grupe et al. 2001).  It is 
shown here that a simpler relationship exists between population allele frequency and mean 
phenotype. The power of the approach for detecting quantitative trait loci (QTL) is also 
evaluated. Such approaches to the study of diversity would enable a set of breeds to be tested 
for genetic variants contributing to breed differences without having to conduct mapping 
experiments based on controlled crosses between the breeds. 
 
MATERIAL AND METHODS 
Between-population QTL detection. The mean phenotypic value of a population, when 
considering a single QTL, is a function of the QTL allele effect and frequency (Falconer and 
MacKay 1996). Assuming that the QTL effect is the same or similar in the different 
populations sampled then the presence of the QTL could be tested for by regressing the marker 
allele frequency against mean phenotype for the set of populations under study. A regression 
coefficient significantly different from zero indicates the presence of a QTL and is a test for a 
QTL segregating between populations. 
 
Simulated data.  Phenotypes and genotypes at a single QTL were simulated for individual 
animals from a number of different breeds. The simulated QTL was bi-allelic with the same 
allelic effects in each of the breeds sampled. Allele frequencies for the QTL in each of the 
breeds were randomly sampled from a uniform distribution and thus varied among breeds.  The 
QTL genotype for each animal was generated by randomly sampling two alleles based on the 
allele frequencies for the breed the animal came from. The phenotype for each animal was 
generated as the sum of each its alleles effects (genotypic value) plus a random environmental 
component.  The model for the phenotype was as follows: 

xij = µ +qij +eij 

where xij = phenotypic value of animal i in breed j 
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  µ = overall mean 
 qij  = QTL genotypic value of animal i in breed j 
 eij = environmental effect for animal i in breed j 

The genetic variance due to the QTL within each breed varies as a consequence of the 
differences in within-breed gene frequency.  Since the genetic variance and environmental 
variance sum to one (σ2

G + σ2
E = σ2

P = 1) it follows that the environmental variance is also 
different between breeds.  
 
Analysis.  Allele frequencies and mean phenotypic value were calculated for each of the 
breeds.  A regression of allele frequency on mean phenotype was carried out, each point in the 
regression representing a single breed.  A regression coefficient which is significantly different 
from zero indicates the presence of the QTL. The significance of the regression coefficient was 
tested using a t-test with n-2 degrees of freedom, where n is the number of breeds sampled. The 
significance of the regression could also be evaluated with an F-test but it was established that 
the t-test gave greater power (data not shown). 
 
Power estimation. The power of the method was determined by simulating 1000 replicates 
and counting the percentage of times the test statistic exceeded the threshold value at a 1% 
level of significance.  number of scenarios were investigated with different numbers of breeds, 
individuals sampled per breed and a range of QTL allele effects. 
 
RESULTS AND DISCUSSION 
Figure 1 shows the effect of the number of breeds sampled on the power.  The number of 
individuals sampled per breed is kept constant at 50.  When only five breeds are sampled there 
is reasonable power (> 0.7) to detect a QTL contributing 15-20% or more of the phenotypic 
variance.  If 10 or more breeds are sampled there is very high power (> 0.9) to detect a QTL 
contributing less than 5% to the phenotypic variance. 
 
Figure 2 shows how the power varies with the number of individuals per breed sampled.  The 
number of breeds sampled is held constant at five. The results show that the number of 
individuals sampled also affects the power of the method. For QTL contributing 25% or more 
to the phenotypic variance (QTL of large effect) then sampling 25 individuals per breed is 
sufficient and there is not more power to be gained by sampling further individuals. For QTL 
of smaller effect the power was increased by 10-20% by increasing the number of individuals 
sampled from 25 to 50 or 100.  
 
The power varies according to both the number of breeds sampled and the number of animals 
per breed that are sampled, with the number of breeds having a greater impact on power than 
number of individuals sampled. For example, when 10 or more breeds are sampled (50 
individuals per breed) there is very high power to detect even quite small QTL. When fewer 
breeds are sampled then the power can be increased by sampling more individuals per breed.   
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Figure 1.  Power of method to detect QTL of differing variance when different numbers 
of breeds are sampled.  The number of individuals sampled per breed is 50 
Figure 2.  Power when different numbers of individuals are sampled.  The number of 
breeds sampled is 5 
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In this case, the greatest increases in power are obtained when the QTL contributes to less than 
25% of the phenotypic variance. 
 
The method presented is a form of association test, which looks for a significant relationship 
between allele frequency and phenotypic status.  In general, tests of association are carried out 
on a within-population basis and rely on genetic variation for the trait of interest to be present 
within the population. The approach suggested here relies solely on between population 
variation.  It is, therefore, possible to detect QTL that are responsible for breed differences and 
which are not segregating within breeds. It is possible to do this without the need to create 
special mapping families, reducing the time and expense incurred as compared with F2 or 
backcross mapping experiments. 
 
Whilst there are a number of potential pitfalls that must be investigated the method has a 
number of potential advantages. As with all association studies a pedigree structure is not 
required and individuals can be randomly sampled.  Across-population QTL detection may be 
more cost-effective than within-population approaches as a number of different populations 
can be screened simultaneously. In contrast, methods such as the transmission disequilibrium 
test (TDT) (Spielman et al. 1993) require more than 1000 families (4000 individuals) in a 
single population to detect QTL contributing less than 5% to the phenotypic variance (Xiong et 
al. 1998).  
 
CONCLUSION 
It is shown that QTL segregating between breeds can be detected based on the relationship 
between population allele frequency and mean phenotypic value. The method has high power 
when 10 or more breeds are sampled with only 50 individuals per breed.  If fewer breeds are 
sampled then power can be improved by sampling more individuals per breed.  Across-breed 
QTL detection will be valuable for diversity assessment, where it is hoped to identify 
functional genetic differences among populations to aid in deciding which populations (both 
wild and domesticated) should be conserved. The EC Pig Biodiversity project (PIGBIODIV1 
Co-ordinator: L. Ollivier) has refined the sampling basis for such studies, but if across-breed 
QTL detection is viable then it increases the value of collecting corresponding phenotypic data 
as part of such diversity projects. 
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