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To assess the shadow effect, we compared each enriched pathway to all other enriched pathways in a pairwise fashion and in both directions (Path1 vs. Path2 and Path2 vs. Path1). To test if Path1 was a shadow of Path2 we used Pointer to compute the enrichment score (ES) of the set P1 = (Path1 \ Path2), i.e., the genes in Path1 but not in Path2. A null distribution for ES was compiled by computing the enrichment score for 1,000 random subsets of Path1, each of the same size as P1. We considered Path1 to be a shadow of Path2 if (1) the p-value of the ES for P1 was > 0.05, indicating that the genes specific to Path1 are not enriched, and (2) if the p-value of the enrichment score of P2 = (Path2 \ Path1) is <=0.05. Shadow assessment was carried out only for pathway pairs meeting the GSEA minimum size restrictions. To assess synergistic association, all enriched pathways were tested in a pairwise fashion. For a pair of pathways Path1 and Path2, we used Pointer to compute the enrichment score ES of the set of their overlapping genes, O = {Path1 ∩ Path2}, given that O was of size 10 or more. Similar to shadow analysis, a null distribution for ES was compiled by computing the enrichment score for 1,000 sets of genes with the same size as O, randomly selected from the union of the sets Path1 and Path2. We defined as synergistic those pairs where the p-value of ES was ≤ 0.05.

