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Standard scenario

• You run GWAS analysis of a single trait
• The sample was genotyped using 500k 

SNP chip and imputed using HapMap 
panel to 2.5x106 variants

• What is your threshold p-value to claim 
genome-wide significance?
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Standard scenario

• You run GWAS analysis of a single trait
• The sample was genotyped using 500k 

SNP chip and imputed using HapMap 
panel to 2.5x106 variants

• What is your threshold p-value to claim 
genome-wide significance?

• p-values < 5x10-8 are “significant”
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Meta-GWAS of 
two studies
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What is significance 
threshold?

• You analyzed 4 phenotypes (e.g. HDL, 
LDL, TC, TG)

• You have analyzed 22,000 phenotypes 
(‘omics’ scenario)

• You analyzed multiple SNPs in a region, 
and would like to have regional p-value 

• You did GWAS using several different 
models (e.g. additive and genotypic)
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Regional associations
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GWAS of two 
(correlated) traits
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Empirical p-values

• Empirical techniques to derive null 
distribution of the test statistic (and thus 
approximation to exact p-value)

• Typically: permute the phenotypes, repeat 
analysis, ... 1000s of times
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Empirical p-values

• Empirical techniques to derive null 
distribution of the test statistic (and thus 
approximation to exact p-value)

• Typically: permute the phenotypes, repeat 
analysis, ... 1000s of times

• If your GWAS analysis takes 5 minutes, 
deriving empirical thresholds will take few 
days

Friday, February 22, 13



Empirical p-values

• Empirical techniques to derive null 
distribution of the test statistic (and thus 
approximation to exact p-value)

• Typically: permute the phenotypes, repeat 
analysis, ... 1000s of times

• If your GWAS analysis takes 5 minutes, 
deriving empirical thresholds will take few 
days

• ... some “single” analyses do take days!
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Empirical P-values

• Very smart speed-up was suggested by SSR & BMM
• Addresses very wide range of “typical” analysis 

scenarios
• It could be that ... 

• your scenario does not fall into “typical” ones
• your data are not permutable (e.g. in structured 

populations)
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P-ACT (Conneely, Boehnke, 2007)

• P-value Adjusted for 
Correlated Tests 

• The idea is the the 
distribution of the Z-statistic 
from correlated tests follow 
multivariate normal 
distribution, characterized by 
some correlation matrix

• Hence the “overall” p-value 
can be computed as an 
integral over this distribution
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P-ACT

• Sanity checks passed:
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P-ACT

• Sanity checks passed:
• If tests are not correlated, doing P-ACT 

becomes equivalent to Bonferroni/Sidak 
correction
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P-ACT

• Sanity checks passed:
• If tests are not correlated, doing P-ACT 

becomes equivalent to Bonferroni/Sidak 
correction

• If statistics are perfectly correlated, P-
ACT is equivalent to single-test p-value
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Estimating S

• How do you know S (the correlation matrix 
for Z)?

• Different models on the same data and  
analysis of multiple traits: estimable 
directly from the analysis results

• Analysis of multiple SNPs: Conneely and 
Boehnke demonstrated that S is 
proportional to the genotypic correlation 
matrix
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Simulations: 
multiple SNPs
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Simulations: 
multiple traits
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Summary P-ACT

• Approximates exact p-value very well
• Is computationally much faster than 

permutations

• Caution: P-ACT requires integration over 
high-D multivariate normal. Numerically, the 
results become not stable/reliable when the Z-
values are very large and/or there are too 
many dimensions
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Simes-type methods 
addressing situation
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Simes/GATES/TATES

Given p - ascending vector of (correlated) p-values, define overall pG as  

where me is the effective number of independent p values among the 
m SNPs and me(j) is the effective number of independent p-values 
among the top j SNPs. The value of me is estimated to be equal to

where I(x) is an indicator function and !i is the ith eigenvalue of the p 
value correlation coefficient matrix ["i,j] of SNP-based statistic tests
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Summary

• Ideally: empirical p-values. Best tool in class 
is WGPERMER (Stephan Ripke, Bertram 
Muller-Myhsok)

• If not, consider P-ACT. This is easily 
implemented in R. Do test the stability of 
the results!

• If not, consider Simes/GATES/TATES. 
Easily implemented in R. The methods are  
new: do sanity checks. 
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