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Biomedical big data

Topol. 2014. Cell.
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Genetic association analysis
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GWAS cohorts

• Stanford Asia-Pacific Program for Hypertension 
and Insulin Resistance (SAPPHIRe) family study 
(Wu et al., 2002)

▫ Sample size: 440. Number of SNPs: 666,732

• The Healthy Aging Longitudinal Study in Taiwan 
(HALST) (Hsu et al., 2017)

▫ Sample size: 1,883. Number of SNPs: 91,305

• Taiwan Biobank (TWB) (Fan et al. 2008)

▫ Sample size: 12,435. Number of SNPs: 592,131



Fasting glucose

• Measured after an 8-10 hour overnight fast.

• Impaired fasting glucose is considered as early 
stages of diabetes.

• Heritability in families with hypertension 
(Freedman et al., 2005): 52%

• Proportion of heritability explained by GWAS 
SNPs (Vattikuti et al., 2012): 30%
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Copy number variations (CNVs)

http://readingroom.mindspec.org/?page_id=8221
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CNV analysis results in SFMBT1

SAPPHIRe

CNV Mean glucose level Lower.CL Upper.CL

Deletion 89.4 83.7 95.1

Normal 93.7 89.0 98.4

P-value: 0.0002. Adjusted p-value: 0.0478.

TWB

CNV Mean glucose level Lower.CL

Deletion 87.524 82.747

Normal 91.977 91.819

P-value: 0.067



Validation of CNVs
Normal copy Normal copy

Expected length after deletion: 17.4kb – 10.96kb = 6.44kb

One copy deletion



Single variant association analysis
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Genotype imputation

Li et al. 2009. Annu Rev Genomics





Genotype imputation
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Manhattan plot for meta-analysis



Genetic risk scores

• 22 SNPs with high predictive power were used to 
construct genetic risk scores.

1.54-1.73 for 
future T2D



Gene-gene interaction analysis

• Gene-gene interaction:
𝑦 = 𝛼 + 𝛽1𝐺1 + 𝛽2𝐺2 + 𝛽3𝐺1𝐺2

• Challenges: large number of tests

▫ 20,000 genes have about 2 × 108 pairwise 
combinations

▫ A modern computer needs more than 6 years to 
finish the analysis

▫ A high multiple testing correction burden

𝐻0: 𝛽3 = 0



Interaction test for Quantitative Trait 

(the IQT test)

Gene 1 Gene 2

𝑍1 𝑍2 𝑍3 𝑍4 𝑍5 𝑍6 𝑍7 𝑍8 𝑍9 𝑍10 𝑍11 𝑍12

if p-value of Zi < 0.05

𝐼𝑄𝑇𝑐𝑜𝑚𝑚𝑜𝑛 = 𝐹(𝒁)

Adaptive permutations

P-value of 𝐼𝑄𝑇𝑐𝑜𝑚𝑚𝑜𝑛



Interaction test for Quantitative Trait 

(the IQT test)

Gene 1 Gene 2

𝑍1 𝑍2 𝑍3 𝑍4 𝑍5 𝑍6

The top 5% of Z scores

𝐼𝑄𝑇𝑟𝑎𝑟𝑒 = 𝐹(𝒁)

Adaptive permutations

P-value of 𝐼𝑄𝑇𝑟𝑎𝑟𝑒



Performance improvement: A two-

stage IQT test
• The distribution of the IQT statistic can be 

approximated by Wiens et al’s method (2006):

▫ For n independent standard normal random 
variables, the distribution of the sum of the k
largest random variables, Y, can be simplified as:

▫ Permutations are performed only if the p-value 
based on the approximated distribution is < mα.
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IQT algorithm
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Performance improvement: biological 

knowledge-based method
• Studies have suggested that gene-gene 

interactions can be enriched in protein-protein 
interaction (PPI) networks.

• Protein-protein interaction database:

▫ STRING

▫ 542,895 PPI pairs with scores > 800 were 
downloaded.

• Gene-gene interaction tests were performed only 
in these PPI pairs.



Gene-gene interaction results
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Conclusions

• The high-throughput genomics data have 
provided opportunities and challenges in data 
analysis.

• Our analyses based on CNVs, common SNPs, 
and gene-gene interactions have shown 
promising results for fasting glucose.

• An integrative approach for multi-0mics data 
will become necessary.
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