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Plan

• An issue in gene expression analysis

• Comparing pathway sources: 
Comprehensiveness, Consistency, Compatibility

• Finding more consistent disease subnetworks
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An Issue in Gene Expression Analysis

4

Percentage of Overlapping Genes

• Low % of overlapping 
genes from diff expt in 

l

Datasets DEG POG

general

– Prostate cancer
• Lapointe et al, 2004

• Singh et al, 2002

– Lung cancer
• Garber et al, 2001

Prostate
Cancer

Top 10 0.30

Top 50 0.14

Top100 0.15

Lung
Cancer

Top 10 0.00

Top 50 0.20

T 100 0 31
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• Bhattacharjee et al, 
2001

– DMD
• Haslett et al, 2002

• Pescatori et al, 2007

Top100 0.31

DMD
Top 10 0.20

Top 50 0.42

Top100 0.54
Zhang et al, Bioinformatics, 2009
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Gene Regulatory Circuits

• Each disease phenotype 
has some underlying 
cause

• Uncertainty  in selected 
genes can be reduced by 
considering biological 

f th
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• There is some unifying 
biological theme for genes 
that are truly associated 
with a disease subtype

processes of the genes

• The unifying biological 
theme is basis for inferring 
the underlying cause of 
disease subtype
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Towards More Meaningful Genes

• ORA 

– Khatri et al

– Genomics, 2002

• FCS

– Pavlidis & Noble

– PSB 2002

• GSEA

– Subramanian et al

PNAS 2005
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– PNAS, 2005

• Pathway Express

– Draghici et al 

– Genome Res, 2007
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All of these newer methods rely on geneAll of these newer methods rely on gene 
group or pathway information.

But how good are the available sources of 
pathway information?
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Issues on Pathway Sources
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Low Comprehensiveness 
of Pathway Sources
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Gene Pair Overlap

Low Consistency
of Pathway Sources

Gene Overlap

Wiki vs KEGG Wiki vs Ingenuity KEGG vs Ingenuity
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Wiki vs KEGG Wiki vs Ingenuity KEGG vs Ingenuity
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Example: Apoptosis Pathway
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Would Unifying Pathway Sources Help? 

• Incompatibility Issues! • Data extraction method 
variations

• Format variations

• Data differences

• Gene/GeneID name 
differences
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differences

• Pathway name differences
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The preceding analyses hide an intricate 
issue…

The same pathways in the different 
sources are often given different names. 

So how do we even know two pathways 
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p y
are the same and should be compared /  
merged?
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Possible Ways to Match Pathways

• Match based on name

– Pathways w/ similar name should be the samePathways w/ similar name should be the same 
pathway

– But annotations are very noisy

Likely to mismatch pathways?

Likely to match too many pathways?
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• Are the followings good alternative approaches?
– Match based on overlap of genes

– Match based on overlap of gene pairs
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LCS vs Gene-Agreement Matching

Gene-pair overlap
percentage

LCS matchLCS match

Gene-
agreement  
match
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• LCS consistently has higher gene-pair agreement

LCS is better than gene-agreement based matching!

gene overlap 
percentage

16

LCS vs Gene-Pair Agreement Matching

LCS

Gene-Pair
Overlap

8

24
16

LCS p
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The 8 pathway pairs singled out by LCS

The 24 pathway pairs singled out 
by maximal gene-pair overlap

Note: We consider only pathway pairs that have at 
least 20 reaction overlap.
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• Having found a good way to match up pathways 
in different datasources, we proceeded to build a 

PathwayAPI
= KEGG  

+ Wikipathways

p
big unified pathway db….
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+ Wikipathways
+ Ingenuity

Donny Soh, Difeng Dong, Yike Guo, Limsoon Wong. Consistency, Comprehensiveness, and Compatibility of 
Pathway Databases. BMC Bioinformatics, 11:449, September 2010. 

More Consistent Disease Subnetworks
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The SNet Method

• Group samples into type D and D

• Extract & score subnetworks for type DExtract & score subnetworks for type D

– Get list of genes highly expressed in most D samples
• These genes need not be differentially expressed!

– Put these genes into pathways

– Locate connected components (ie., candidate 
subnetworks) from these pathway graphs

S
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– Score subnetworks on D samples and on D samples

• For each subnetwork, compute t-statistics on the two 
sets of scores 

• Determine significant subnetworks by permutations

20

SNet: Score Subnetworks
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SNet: Significant Subnetworks

• Randomize patient 
samples many timessamples many times

• Get t-score for 
subnetworks from 
the randomizations

• Use these t-scores to 
establish null
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establish null 
distribution

• Filter for significant 
subnetworks from 
real samples

22

A

B

Key Insight # 1

• SNet does not 
require all the genes 
in subnet to be diff

Genes A, B, C are high in 
phenotype D

A is high in phenotype ~D but B 
d C t

C

in subnet to be diff 
expressed

• It only requires the 
subnet as a whole to 
be diff expressed
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and C are not

Conventional techniques: Gene 
B and Gene C are selected. 
Possible incorrect postulation 
of mutations in gene B and C

• Able to capture 
entire relationship, 
postulating a 
mutation in gene A
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A branch within pathway 
consisting of genes A, B, C, D and C

Key Insight # 2

g g , , ,
E are high in phenotype D

Genes C, D and E not high in 
phenotype ~D

30 other genes not diff expressed

A

B

Conventional techniques: Entire 

D

E

30 other genes
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q
network is likely to be missed

• SNet: Able to capture the subnetwork branch 
within the pathway

24

B BPathway 1 Pathway 2

Key Insight # 3

Genes A, B and C are present in 
two separate pathways

A, B and C are high in phenotype 

Conventional techniques: 

Both pathways are scored equally. 
So both got selected, resulting in 

A

C

A

C
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, g p yp
D, but not high in phenotype ~D

g g
pathway 2 being a false positive

• SNet: Able to select only pathway 1, which has 
the relevant relationship
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Let’s see whether SNet gives us 
subnetworks that are 

(i) more consistent between 
datasets of the same types of 
disease samples
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(ii) larger and more meaningful

26

Better Subnetwork Overlap
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• For each disease, take significant subnetworks
from one dataset and see if it is also significant in 
the other dataset
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Better Gene Overlaps
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• For each disease, take significant subnetworks
extracted independently from both datasets and 
see how much their genes overlap

28

Larger Subnetworks
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Remarks
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What have we learned?

• Significant lack of concordance betw db’s

– Level of consistency for genes is 0% to 88%Level of consistency for genes is 0% to 88%

– Level of consistency for genes pairs is 0%-61%

– Most db contains less than half of the pathways in 
other db’s

• Matching pathways by name is better than 
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matching by gene overlap or gene-pair overlap

• SNet method yields more consistent and larger 
disease subnetworks
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