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What is the probability for a type I error?
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� let the proportion of case:controls remain 
constant

� for each stage:
• n1, n2 the individuals genotyped; n= n1+ n2 

• M1, M2 are marker sets genotyped (with 
genotyping costs t1, t2)

• �1, �2 are the significance levels chosen such 
that the family-wise error rate in a strong sense 
(FWER) is controlled at a level �
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example for a cost-optimal two-stage GWAS (e.g. 
Wang et al., 2006):

� | M1| = 500,000; t1=$0.002, t2=$0.035
� one true disease marker:

• allele frequency=0.1; odds ratio=1.35 (mult. model)                           

� power = 0.9; FWER control at � = 0.05 (one-
sided) by Bonferroni method �i = 0.05/500,000 

� n1= 3,238; n2 = 7,490; n = 10,728
� �1= 0.00370; �2 = 1.6x10-7
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� constant per genotype costs, case:control fraction 1
� one true disease marker:

• allele frequency=0.2; odds ratio=1.5 (mult. model)                           
� power = 0.9; �i = 0.05 /|M1| (two-sided)
� 10,000 replicates

marker

|M1| (x103) �1 �2 (x10-5) n1/n   n FWER power FWER power
1 0.091 7.200 0.257 2,504 0.051 0.887 0.048 0.887
10 0.078 0.720 0.224 2,994 0.045 0.893 0.042 0.892
30 0.070 0.240 0.209 3,292 0.050 0.886 0.048 0.886

100 0.064 0.072 0.200 3,536 0.053 0.889 0.051 0.888
500 0.056 0.015 0.187 3,894 0.050 0.890 0.045 0.889

flexible designoptimal design by Wang et al. (2006)
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