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Percentage of Overlapping Genes 

• Low % of overlapping 

genes from diff expt in 

general 

 

– Prostate cancer 

• Lapointe et al, 2004 

• Singh et al, 2002 

– Lung cancer 

• Garber et al, 2001 

• Bhattacharjee et al, 

2001 

– DMD 

• Haslett et al, 2002 

• Pescatori et al, 2007 

Datasets DEG POG 

Prostate 

Cancer 

Top 10 0.30 

Top 50 0.14 

Top100 0.15 

Lung 

Cancer 

Top 10 0.00 

Top 50 0.20 

Top100 0.31 

DMD 
Top 10 0.20 

Top 50 0.42 

Top100 0.54 
Zhang et al, Bioinformatics, 2009 
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Individual Genes 

• Suppose  

– Each gene has 50% 

chance to be high 

– You have 3 disease 

and 3 normal 

samples 

 

• How many genes on a 

microarray are 

expected to perfectly 

correlate to these 

samples? 

• Prob(a gene is 

correlated) = 1/26 

• # of genes on array = 

100,000 

E(# of correlated 

genes) = 1,562 

 

Many false positives 

• These cannot be 

eliminated based on 

pure statistics! 
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Gene Regulatory Circuits 

• Each disease phenotype 

has some underlying 

cause 

 

• There is some unifying 

biological theme for genes 

that are truly associated 

with a disease subtype 

 

• Uncertainty  in selected 

genes can be reduced by 

considering biological 

processes of the genes 
 

• The unifying biological 

theme is basis for inferring 

the underlying cause of 

disease subtype 
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Big data of 

biological 

pathways 

Source: Goh et al. “How advancement in biological network analysis methods empowers proteomics”. Proteomics, accepted.  
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Human Apoptosis Pathway 

• The various data sources have low overlap 

Good to unify them to get more complete 

pathways, right? 

Soh et al. BMC Bioinformatics, 11:449, 2010.  
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A unified 

database of 

biological 

pathways 

H. Zhou, et al. IntPath---an integrated pathway gene relationship database for model organisms 

and important pathogens. BMC Systems Biology, 6(Suppl 2):S2, 2012.  
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Using biology background: GSEA 

• “Enrichment score” 

– The degree that the 

genes in gene set C are 

enriched in the extremes 

of ranked list of all genes 

– Measured by 

Komogorov-Smirnov 

statistic 

• Null distribution to estimate the p-value of the 

scores above is by randomizing patient class 

labels 

 

Subramanian et al., PNAS, 102(43):15545-15550, 2005 
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Unfortunately, it doesn’t always work 

• Surprisingly, GSEA fails on large unified pathways! 

 

Soh et al. BMC Bioinformatics, 12(Suppl. 13):S15, 2011. 
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A branch within pathway consisting of 
genes A, B, C, D and E are high in 
phenotype X 
 
Genes C, D and E not high in phenotype 
~X 
 
30 other genes not diff expressed 

A 

B 

C 

GSEA: Entire network is likely to 

be missed 

D 

E 

30 other genes 

More is not always better, unless … 

• Need to know how to capture the subnetwork 

branch within the pathway 

 


