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Single Nucleotide Polymorphism (SNP)

• A variation at a single site 
in DNA, is the most 
frequent type of variation 
in the genome (~ over 10 
million) 

• Responsible to most 
genetic disease and other 
phenotypes

• Genome-wide association 
study (GWAS) seeks to 
find relevant SNPs that 
may cause specific disease

- Wikipedia

http://en.wikipedia.org/wiki/File:Dna-SNP.svg


GWAS: Case-Control study

• Unlike gene 
expression data, SNP 
array provides 
categorical data

(AA, Aa, or aa)

• We are interested in 
identifying which 
SNP is associated 
with a given disease
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GWAS: Quantitative Trait study

• No partition on 
samples

• Each sample has 
some continuous 
phenotype values
such as height, 
blood pressure
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General Problems in GWAS

• Needs multiple testing correction for a million 

of p-values

• A very stringent cutoff (e.g. p=10^-8) is used 

to yield only a small number of SNPs

• Many moderate but meaningful associations

outside the cutoff is lost. This is very 

inefficient and wasteful

• It is not easy to discuss biology only with a 

small number of significant SNPs



Tip of Iceberg



Increasing power of GWAS: 

gene-based test

• Summarize SNPs to genes

• VEGAS method: Given k
SNP p-values for a gene, 
correlated p-values are 
simulated using multivariate 
normal distribution, and the 
summarized statistic values 
are assessed (Liu et al. AJHG 
2010) 
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Increasing power of GWAS: 

gene-set-based test

• Pathway (gene-set) analysis was also considered 

for GWAS data to find missing heritability

• This approach aims to detect moderate but 

coordinated associations within a gene set (as 

well as strong signals)

• GSEA was firstly introduced for GWAS genotype 

data (Wang et al. AJHG 2007): requires heavy 

calculation



Increasing power of GWAS: 

gene-set-based test
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GSA-SNP (Nam et al. 2010 NAR):
Uses only summary p-values 
to calculate pathway statistic



How to improve the method?:

GSA-SNP2 (Yoon et al. 2018 NAR)

• SNP size effect

• SNP-SNP correlation adjustment

• Monotone cubic spline

• Pathway score:

𝐴𝑑𝑗 𝑔𝑖 = − log best 𝑝𝑖 − C(𝑔𝑖)



Existing methods

• MAGENTA (PLoS Genetics, 2010):

– Adjust for confounding factors using 
regression model

– Strict false positive control

– Very low power



Distribution of pathway Z-scores

• Distribution of the 674 Reactome pathway Z-statistic of adjusted 

gene scores for GWAS data simulated using 1000 Genomes data. 

Standard normal distribution is fitted (blue curve)

• This implies we don’t have to deal with the heavy genotype 

data for pathway analysis



Simulation test

• Used real genotype data: 1000 Genomes

• Simulated phenotypes using linear 
model

– False positive control:

– Statistical Power



Simulation test

• Background 
heritability:

• Gene-set 
heritability:

• Used only 
10,000 samples



Tests for real GWAS data

• Used publicly available summary data 
from DIAGRAM and GIANT consortia

• Gold standard pathways for T2D: 
collected by third party, Morris et al.

• Gold standard pathways for human 
height: collected from the literature



T2D data analysis results by GSA-SNP2



Tests for real GWAS data
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Computing time



Network analysis
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Increasing power of GWAS:
Meta-analysis

• Combining p-values from independent 
experiments

– Fisher’s method:

– Stouffer’s method: Z-scores rather than p-
values, allowing incorporation of study 
weights



Increasing power of GWAS:
Meta-analysis

Fixed effect Random effect
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Pitfalls of existing methods

• Combines all the given p-values (or 
effect sizes). This is not always beneficial 
because…
– Some cohorts may not be associated

– Some cohort data may have low qualities

• Can we select only ‘associated’ cohorts 
for each SNP and integrate their p-
values?



ORDMETA method

• Combines p-values from independent 

experiments based on joint order distribution

• 𝑝𝑖~𝑈𝑛𝑖𝑓(0,1) (i=1,…,N) : each independent 

p-value has a uniform distribution

• (𝑝(1), 𝑝(2), … , 𝑝 𝑁 ): N ordered p-values have 

joint order distribution where each ordered p-

value has a beta distribution

𝑝(𝑖)~𝐵𝑒𝑡𝑎 𝑖, 𝑁 − 𝑖 + 1 Marginal 
distribution



ORDMETA method

Beta distribution (N=10)
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ORDMETA method

• We calculate ‘p-value for the minimum 
marginal p-value’ of the joint order 
distribution 



Example: GIANT-BMI data analysis

Green: significant for the p-value 10-6



Simulation for false positive 

control test
• 15 cohorts, each containing 2000 samples generated from 

1000 Genomes data

• 100 Effect SNPs 

– Effect SNP 1~40: common to all 15 cohorts

– Effect SNP 41~60: specific to cohort 1~5

– Effect SNP 61~80: specific to cohort 6~10

– Effect SNP 81~100: specific to cohort 11~15

• Very small heritability=1E-5

• Compared methods: ORDMETA, METAL, fixed effect, random 

effect and MR-MEGA



Simulation test: comparison of false 

positive controls



Simulation for power test

• 15 cohorts, each contained 2000 samples generated from 

1000 Genomes data

• 100 Effect SNPs 

– Effect SNP 1~40: common to all 15 cohorts

– Effect SNP 41~60: specific to cohort 1~5

– Effect SNP 61~80: specific to cohort 6~10

– Effect SNP 81~100: specific to cohort 11~15

• Heritability=0.5

• So, 60% of the effect SNPs are ‘associated’ in only five 
cohorts



Simulation test: comparison of powers



Simulation test: detection of 
associated cohorts
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