Identification of pathways enriched with condition-specific statistical dependencies across four subtypes of GBM

EDDY - evaluation of differential dependency
EDDY is a statistical test for the differential dependency relationship of a set of genes between two given conditions [1]. For each condition, possible dependency network structures are enumerated and their likelihoods are computed to represent a probability distribution of dependency networks. The difference between the probability distributions of dependency networks is computed between conditions, and its statistical significance is evaluated with random permutations of condition labels on the samples.  

TCGA GBM Gene expression data
EDDY was applied to the gene expression data of glioblastoma multiforme (GBM) from The Cancer Genome Atlas (TCGA) to reveal the functional difference between the four subtypes of GBM - Proneural (PN), Neural (N), Mesenchymal (MES) and Classical (CL).  The results show that the proposed method can identify novel gene sets that could not be found with GSEA, which is considered a representative method of considering only differential expressions, while providing many results specific to the subtypes of GBM.

[bookmark: _GoBack]Gene expression data of GBM (AgilentG4502A_07; Level 3) were obtained from TCGA for 202 samples with four previously reported GBM subtypes [54 classical, 58 mesenchymal, 33 neural and 57 proneural (27)], as well as 10 normal samples. The expression of 17 814 genes in the GBM samples were log-transformed, and standardized to z-scores using the 10 normal samples as a reference to convert the expression levels in GBM samples to the ratios to the mean expressions from normal samples. As we used the Bayesian network model assuming discrete random variables for EDDY, the standardized expression values were further quantized to three discrete values of ‘1’ (overexpression compared with normal), ‘0’ (no-change compared with normal) and ‘1’ (underexpression compared with normal), by using one standard deviation as a threshold. Using higher thresholds for quantization rendered the gene expression values less informative (too consistent across all samples), thus higher thresholds were avoided in this experiment.  

The tests were done by comparing samples of subtype S versus the rest of the samples to identify gene sets that show distinct patterns in the subtype S. For gene sets of test targets, we collected 2101 canonical pathway gene sets and Gene Ontology (GO) gene sets of biological process and molecular function from MSigDB. In testing each gene set for a subtype versus the rest using EDDY, , M = 5000 dependency network structures of consideration, T = 1000 permutations and K = 3 were used. To further reduce the computational cost, we filter out the genes with the changes in <10% of the samples after quantization, resulting only 13884 genes for the analysis. Obtained P-values were false discovery rate (FDR)-corrected using the Benjamini and Hochberg’s method, and gene sets with FDR-corrected P<0.05 were declared to be statistically significant.

[1] Jung S, Kim S. EDDY: a novel statistical gene set test method to detect differential genetic dependencies. Nucleic Acids Res. 2014 Apr;42(7):e60. PubMed PMID: 24500204; PubMed Central PMCID: PMC3985670.
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