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Road map

� Overview of Weighted Gene Co-expression Network 

analysis, module detection

� Differential analysis of networks at the level of modules

- Consensus modules

- Eigengenes and eigengene networks

- Consensus eigengene networks

� Applications: (1) Human and chimp brains, (2) 4 tissues of 

female mice



Overview of Weighted Gene 

Co-expression Network Analysis



Constructing a weighted 
co-expression network
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Network module detection

� Modules: groups (clusters) of densely interconnected genes

� Pairwise measure of inter-connectedness: Topological overlap 
measures direct connection + shared neighbours

No shared neighbours: low TOM           many shared neighbours: high TOM

� Clustering procedure: Average linkage hierarchical clustering
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• Expression data from human brains, 18 samples.

Example of module detection via 
hierarchical clustering



Why are modules so important?

� Functional: expected to group together genes responsible for 

individual pathways, processes etc., hence biologically well-

motivated

� Useful from a systems-biological point of view: bridge from 

individual genes to a systems-level view of the organism

� For certain applications, modules are the natural building blocks of 

the description, e.g., study of co-regulation relationships among 

pathways



Goal of our work:

Differential analysis of networks

(commonalities and differences)

at the level of modules



Step 1: Find consensus modules

Consensus modules: modules present in each set

Rationale: Find common functions/processes

Set 1                      Set 2

Set modules

Consensus modules



Consensus modules

Consensus module eigengenes

Step 2: Represent each module by one 

representative: Module Eigengene

Pick one representative for each module in each set:

We take Module Eigengene: 1st Principal component of module expression matrix



Step 3: form a network of module eigengenes

in each set

� Module relationship = Cor(ME[i], ME[j])          (ME:Module eigengene)

� Understand differences in regulation under different conditions

� Modules become basic building blocks of networks: ME networks

Set 1                                                        Set 2



Summary of the methodology

� Individual sets

� Consensus modules

� Consensus eigengenes

� Consensus eigengene 

networks



Methods



Consensus modules: Definition

• In each individual set: 
Modules = groups of densely interconnected genes

• Consensus: agreement of all sets

• Consensus modules: 
groups of genes that are densely interconnected in 
each set



Consensus modules: Detection

• Detection of modules in individual sets: 
Measure of gene-gene similarity (TOM) + clustering

• Detection of Consensus modules:
Define a consensus gene-gene similarity measure
and use clustering

( )[ , ] min ( [ , ])s
s Setsi j SetSim i jConsSim Î=



Consensus similarity measure
Set 1                                     Set 2

A B C
A 0.1 0.5
B 0.1 0.7
C 0.5 0.7

A B C
A 0.2 0.4
B 0.2 0.8
C 0.4 0.8



Consensus similarity measure
Set 1                                     Set 2

A B C
A 0.1 0.5
B 0.1 0.7
C 0.5 0.7

A B C
A 0.2 0.4
B 0.2 0.8
C 0.4 0.8

Min
A B C

A 0.1 0.4
B 0.1 0.7
C 0.4 0.7



Applications



Human and chimpanzee brain 

expression data
� Construct gene expression networks in both sets, find 

modules

� Construct consensus modules

� Characterize each module by brain region where it is 
most differentially expressed

� Represent each module by its eigengene

� Characterize relationships among modules by correlation 

of respective eigengenes (heatmap or dendrogram) 



Detection of Consensus modules
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Biological information?

Assign modules to brain regions with highest 

(positive) differential expression

Red means the module genes 

are over-expressed in the 

brain region; 

green means under-

expression



What else is new?

� Preservation of modules across the primate brains and 
their relationships to brain regions was described by 

Oldham et al. (2006).

� Challenge: Oldham et al. (2006) did not study the 

relationships between the modules.

� Solution: study module relationships using eigengene 
networks



Consensus eigengene networks

� Heatmap comparisons of module relationships



Eigengene network visualization (II)

Module dendrograms show clusters of similar 

modules



Consensus modules across 4 mouse 

tissues

� Consensus analysis of expression data from liver, 

brain, muscle, adipose tissues, BXH mouse cross

� ~130 samples for each tissue; 3600 genes in each 

network

� Performed Functional Enrichment Analysis



Detection of consensus modules

11 modules in total



Functional Enrichment Analysis
 Term Count p-value Bonferoni

 ribonucleoprotein 30.77% 1.65E-11 1.15E-10
 immune response 26.21% 8.79E-21 1.47E-18
 translation regulator activity 6.19% 4.13E-05 1.07E-03
 alternative splicing 24.14% 7.50E-06 8.25E-05
 intracellular organelle 46.55% 8.88E-05 6.22E-04
 immune response 38.89% 6.23E-09 6.36E-07
 defense response 41.67% 9.40E-09 9.59E-07
 protein transport 23.08% 7.85E-05 1.10E-03
 cell cycle 43.64% 9.50E-22 4.46E-20
 mitotic cell cycle 25.45% 1.38E-15 6.49E-14
 protein binding 28.15% 1.81E-04 1.62E-03
 hexose metabolism 10.00% 5.91E-06 1.60E-04



Conclusions

Differential analysis at the level of modules

� Consensus modules (modules present in all sets): study 

common pathways

� Eigengene networks (comprised of module eigengenes): 

study commonalities and differences in regulation

� Applications: Consensus eigengene networks are robust

and encode biologically meaningful information


