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INTRODUCTION 
Association analysis at the population level between a trait and a locus can be useful to 
evaluate the implications of selection in an animal population for or against a locus. Indirectly, 
selection could affect the population genetic value of an economically important trait if there is 
any statistical association locus-trait, even if the association is not caused by linkage between 
loci. Analysis of association locus-phenotype can be initially performed (and followed by more 
powerful methods) by analysing changes in allele frequency due to some kind of selection 
acting in a population. Although related, two main different kinds of selection can be 
differentiated producing changes in allele frequency : 1) natural or artificial selection across 
generations (Fisher and Ford 1947 ; Schaffer et al., 1977) ; 2) selection of different samples of 
animals from a population based on their phenotype value (Lebowitz et al., 1987). In the last 
situation, different designs can be employed although "selective genotyping" is the best known. 
They can be, in general, easily applied at the whole population level even if familial 
information is not available. However, bias produced by selection in allele frequency estimates 
should be considered, as interest of selection depends on selected allele frequency. To help the 
interpretation of allelic frequency estimates, a reference group can be considered (e.g. Plomin 
et al., 1994). 
 
The aim of this work is to compare different sampling selection designs in terms of power in 
association locus-phenotype detection at population level and bias of allele frequency 
estimates. 
 
MATERIAL AND METHODS 
Simulation. Calling the locus subject of selection locusSEL, association with a trait was 
simulated assuming linkage between locusSEL and a locus responsible of the trait (QTL) in a 
base population of 50 males and 500 females. Both loci were considered with 2 alleles, and the 
QTL was located at 10 cM from each locus. Two following generations (with the same number 
of breeding animals and assuming no selection) were obtained considering recombination by 
Haldane function. Two or 6 offspring per female were simulated resulting in a population size 
of 1000 or 3000 animals per generation. Phenotype value was generated by addition of an 
environmental contribution (N(0,9)) to the genetic value resulting from the QTL and 10 more 
additive independent loci with two alleles. Three different values of base population 
frequencies for locusSEL and QTL alleles (p=0.1, 0.5 or 0.9) and two values for the total 
variance explained by the QTL (w2=1% or 5%) were assumed. Additive or dominant models 
were considered. Trait heritability was fixed to 0.2 for any parameter situation. 
Genotyping designs. Five different designs, involving different samples of individuals to be 
genotyped based on their simulated phenotype, were considered. 1) Design [2t], with 2 groups 
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of animals, the two extreme tails of the distribution ("selective genotyping"). 2) Design [2tr], 
with 3 groups of animals, the two extreme tails and a reference sample of animals taken at 
random from the rest of the distribution. 3) Design [2ta], with also 3 groups, the two extreme 
tails and a reference sample of animals taken from the central part (±1.5 S.D.) of the 
distribution (e.g. Plomin et al., 1994). 4) Design [1tr], with 2 groups, the upper tail of the 
distribution and a reference sample like in design [2tr]. 5) Design [1ta], with 2 groups, the 
upper tail of the distribution and a reference sample like in design [2ta]. For each design, a 
constant number of individuals of the last generation  was considered to be genotyped (either 
5% or 10% of the population), and was equally distributed across groups, within design. 
 
Analyses. Based on one thousand replicates for each design and situation, power in statistical 
association locus-phenotype detection and bias of allele frequency estimate were calculated.  
Statistical association was calculated by Chi-square comparison of allele frequencies in each 
group of animals. The expected number of alleles in each group was calculated by weighting 
the total number of alleles observed in all the groups (including the reference sample) by the 
number of animals in each group. Power was computed as the ratio of replicates that exceed 
empirical threshold values obtained by simulating each one of the situations considering no 
linkage between locusSEL and QTL at the base population, and a Type I error of 5%. Bias was 
computed as ( )ppp̂ −⋅100 , where p was the value simulated for the base population, and 

the estimated value obtained by weighting the simple counting of number of alleles. All the 
animals genotyped, from selected and reference groups were considered in order to obtain 
estimates comparable in terms of variance. 

p̂

 
RESULTS AND DISCUSSION 
Considering that a power of 80% was the desired level to be achieved in a research study, only 
Designs [2t] and [2tr] offered enough power to detect the simulated association locus-
phenotype (Table 1). The designs that consider a sample of animals taken from the middle of 
the distribution ([2ta], [1ta]) showed a small power in comparison with the equivalent designs 
that take animals at random, except for selected tails ([2tr], [1tr]). Although samples from the 
middle of the distribution have been used in some experiments (Plomin et al., 1994) it seems it 
should be avoided, as these data don't contribute relevantly to the information of the 
association. Additionally, empirical significant threshold values were very high for these 
designs, indicating that big true Type I error would result in a real situation using theoretical 
values. Consequently, random samples of animals should be taken carefully, so that all the 
animals, and not only those close to the average population value of the trait, could be 
genotyped. 
 
Results also show that the power of "selective genotyping" (Design [2t]) will be lower than 
values theoretically expected, if the locus is not a causal locus, animals are related, etc. as in 
the simulated situations. Following the theoretical approach of Van Gestel et al., (2000) the 
power expected considering an additive locus with p=0.1 and explaining 1% of total variance 
was 0.61 and 0.80 when sampling  5% and 10% of a population of size 1000, split in two 
extreme tails. The values obtained for these situations were only 0.38 and 0.40 respectively. As 
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a consequence, other factors than population size, allele frequency, allele effect and percentage 
of selected animals should be considered in an experimental design to test the Null Hypothesis. 
 
As expected, estimates of allele frequency were always biased by the selection applied 
(Table 2). Differences were observed, however. Bias was in general higher for one-tail designs 
than for two-tail designs. Although differences between two-tail designs were small, bias was 
lower for design [2tr]. Comparing the value of the ratio bias/power ([2t] = 0.17, [2tr] = 0.16, 
[2ta] = 0.34; [1tr] = 0.61, and [1ta] = 1.11) designs [2t] and [2tr] were those offering better 
results. Design [2tr], in comparison with design [2t] ("selective genotyping"), permitted the 
analysis of a completely random sub-sample of animals from the population. Then, although 
with a greater standard error, unbiased estimates could be obtained.  
 
Results indicate the value of a two-step design : 1) estimation of allele frequency in a 
completely random sample from the population and evaluation of the interest of selection ; 2) 
analysis of association locus-phenotype applying selective genotyping (using some of the 
animals previously gentotyped) and re-estimation of allele frequency if association is not 
significant, to obtain a more accurate estimate. 
 
Table 1. Statistical power (%, α=0.05) for designs and situations simulated 
 

        Design 
  2t     2tr     2ta     1tr     1ta   

          Population size 
 1000  3000   1000  3000   1000  3000   1000  3000   1000  3000  

       Total percentage of animals sampled      
Situation 5 10 5 10  5 10 5 10  5 10 5 10  5 10 5 10  5 10 5 10 
                         

AdditiveA 53 60 70 75  34 42 58 65  12 47 17 16  15 24 34 44  12 15 12 12 
DominantA 30 47 57 62  24 31 48 53  27 46 17 15  12 19 23 29  12 25 11 11 
                         

w2=1%B  27 26 39 46  8 12 27 34  7 23 8 7  9 8 13 19  13 6 8 7 
w2=5%B  56 82 89 91  50 61 79 84  32 70 26 24  18 34 44 54  11 35 15 16 
                         

p=0.1C  55 62 70 77  33 54 57 70  18 47 27 28  17 33 43 52  15 17 21 20 
p=0.5C  39 57 66 72  33 32 56 64  18 44 8 9  11 21 29 38  9 36 7 9 
p=0.9C 31 43 56 56  22 24 46 44  23 48 15 9  13 9 12 19  12 8 7 6 
                         

AverageD  42 54 64 68  29 37 53 59  19 46 17 15  14 21 28 37  12 20 12 11 
A Genetic model, B % of total variance explained by the QTL, C Simulated allele frequency,      D Average 
value for all the situations simulated 
 
CONCLUSION 
When allele frequency estimates were not required, "selective genotyping" was confirmed as 
the design to be recommended in order to obtain a high statistical power. However, when they 
were required, a design considering also a random sample of animals, should be recommended 
in order to allow the estimation of unbiased values of allele frequency and a reasonable power 
with a constant genotyping cost. One-tail designs and designs that sample individuals from the 

Session 22. Exploitation of molecular information in animal breeding Communication N° 22-31 



7th World Congress on Genetics Applied to Livestock Production, August 19-23, 2002, Montpellier, France 

middle of the distribution of the analysed trait should not be employed because of low power, 
high probability of spurious associations and/or bias in allele frequency estimates.  
 
Table 2. Bias of allele frequency estimates for designs and situations simulated 

 
        Design 

  2t     2tr     2ta     1tr     1ta   
          Population size 

 1000  3000   1000  3000   1000  3000   1000  3000   1000  3000  
       Total percentage of animals sampled      
Situation 5 10 5 10  5 10 5 10  5 10 5 10  5 10 5 10  5 10 5 10 
                         

AdditiveA 6 13 9 7  6 8 8 6  6 11 8 6  21 6 18 15  13 13 18 15 
DominantA 19 7 9 5  11 7 8 5  13 13 6 5  22 13 16 12  18 16 16 12 
                         

w2=1%B   8 9 4 2  9 3 4 2  11 8 4 2  17 4 9 9  12 8 9 9 
w2=5%B  17 11 14 10  7 12 12 8  8 16 10 8  26 14 25 19  19 21 25 19 
                         

p=0.1C  28 23 23 15  23 15 20 13  23 25 18 13  50 18 40 33  30 28 40 33 
p=0.5C 6 4 2 2  1 6 1 1  4 5 2 2  13 9 9 8  14 13 10 8 
p=0.9C  4 4 4 2  2 1 3 2  2 6 2 2  2 2 1 1  3 4 1 1 
                         

AverageD  13 10 9 6  8 7 8 5  9 12 7 5  21 9 17 14  15 15 17 14 
A Genetic model, B % of total variance explained by the QTL, C Simulated allele frequency,      D Average 
value for all the situations simulated 
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