Supplementary methods

Detecting over-represented (enriched) gene modules in a gene set by hypergeometric distribution

Detecting the enriched gene modules or gene functional category (i.e., Gene Ontology) is a common bioinformatics task. The term ‘enrichment’ means that the distribution density of input gene set in given gene modules is significantly higher than the reference model. We adapted the common used hypergeometric distribution method. That is, the cumulative probability of having up to x overlapped genes when comparing the query gene list (K genes) to each candidate gene modules (N genes) was calculated by: 
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Where M is the size of the whole gene set (i.e., the number of all human genes). 
Identifying the Synergistically Inferred Nexus (SIN) 
For each gene G1 in a given gene modules, we scan the candidate gene space (all genes in the prognosis data set, that is, all Entrez gene IDs corresponding to each probe set in the Affymetrix U133A microarray, and filtered by variance of cross patient samples), and calculate the pair-wise synergy index of G1 with candidate gene G2 following[1]:
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In this formula, G1 and G2 represent the expression values of two genes, and C represents the phenotype (here, the prognosis outcome. For example, a two-state vector which 1 means “bad outcome” or “dead”, 0 means “good outcome” or “survival”), I(X;Y) represents mutual information between two random variables (i.e., the expression levels of G1 and G2), .  

The above formula is equivalent to:


[image: image3.emf]𝑆𝑦𝑛 ሺ 𝐺 1 , 𝐺 2 ; 𝐶 ሻ = 𝐼 ሺ 𝐺 1 , 𝐺 2   | 𝐶 ሻ   −   𝐼 ሺ 𝐺 1 ; 𝐺 2 ሻ  


And the mutual information of two random variables is calculated by:
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For each gene, we transform the expression value into two states (high and low) by using median value across the whole patient set as the cutoff. Mutual information is calculated via the method and toolbox proposed by Peng 
 ADDIN EN.CITE 
[2]
.
In this pilot study of the proposed framework, we checked the distribution of synergy index, and used a threshold (0.02) of synergy index to select the synergistic gene pairs.

The prognosis data set used in the present study
(1) Lung cancer (NSCLC) 


[4] ADDIN EN.CITE , the Gene Expression Omnibus (GEO) accession no.  GSE3593;
(2) Breast cancer 


[5] ADDIN EN.CITE ; the Gene Expression Omnibus (GEO) accession no.  GSE2034;
(3) Ovarian cancer 


[6] ADDIN EN.CITE ; the Gene Expression Omnibus (GEO) accession no.  GSE3149;
(4) AML 


[7] ADDIN EN.CITE ; the Gene Expression Omnibus (GEO) accession no.  GSE12417.
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