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Background
One of the fundamental themes in biology is the hierarchical organization of its constituents. At higher levels of a hierarchy new properties 
emerge due to the complex interaction of constituents at lower levels. Determining if and how genetic regulatory networks are hierarchically 
structured would aid in understanding the properties and functional processes of the networks. With the increasing availability of genetic 
expression data, developing methods to infer and detect functional communities within the network is an important goal of systems biology. 
Unfortunately, noise in expression data creates variability in the inferred network and the stochastic nature of community detection creates 
variability in the functional communities detected with existing methods.

Communities enrich for functionally related genes 
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Identifying communities and their hierarchical 
organization with an ensemble approach

To identify communities in each network we used an extension of the leading eigenvalue 
method that aims to identify a partitioning of nodes into a disjoint set that maximizes 
Modularity Q. Our extension of the LEM [2] uses a novel variant of the Kernighan – Lin 
algorithm. At each fmin value an ensemble of multiple network partitions was analyzed 
and a  correlation matrix was created to visualize the overall hierarchical organization of 
the network. This ensemble allows overlapping communities to be identified. We define 
sets of genes that are always found in the same community as a core community.  

Community structure is robust to experimental noise

WHY ISN’T THIS WORKING?Correlation matrix showing community structure found in the E. 
coli network with relatedness threshold values fmin = 2,4, and 6. 
The matrix element in position  (X,Y) is colored blue, red, or 
green if genes  X and Y are in the same communities at 
threshold values 2, 4 or 6, respectively. The density of the color 
indicates the strength of the correlation in the  ensemble. 
Additionally if two genes are found together at multiple threshold 
values the element is a combination of the colors assigned at 
each threshold value.

We used the CLR algorithm 
to infer direct and indirect 
regulatory interactions 
between genes based on the 
similarity of their expression 
response in 466 experiments 
in the M3D. To create a 
network a link was placed  
between two genes if their

Change in core community structure as noise is increased from c=0 to c=4

corresponding relatedness value was greater than a chosen threshold value, fmin. We 
considered networks inferred from threshold values of fmin = 2, 4, and 6. These values 
correspond to points below, at, and above the critical threshold value at which the 
network is no longer one fully connected component.    

Distribution of gene relatedness and size of the largest connected 
component in the E. coli CLR network

Inferring gene relatedness networks from 
expression data

To test the effect of noise on community structure we created several 
noisy datasets. Each experiment in the noisy dataset contained an 
expression level for gene X chosen randomly from a normal 
distribution with mean m(X) and standard error cσ(X). A correlation 
matrix for an ensemble of 10 community partitions detected at each 
noise level c and threshold fmin= 2 was created. We found that noise 
acts conservatively, decreasing the size of each core community 
rather than causing association of genes into new communities. 

To test the biological relevance of the core communities 
found we compared the overlap of each core community 
to terms in the gene ontology using a hypergeometric 
test with Benjamini-Hochberg correction. We found 147, 
239, and 288 statistically significant matches between 
core communities and Gene Ontology  (GO) terms for 
communities identified at fmin values of 2, 4, and 6, 
respectively. Additionally core communities can be 
analyzed to identify candidate regularity interactions. For 
example, in the fmin=6 core community at right we found 
a high proportion of ppGpp sensitive promoters 
suggesting this molecule as a good candidate for 
regulating the remaining interactions.Top 25 statistically significant matches for fmin = 4 An fmin = 6 core community


