Supplementary Methods.

Computing Disease-COPD distances based on genes and pathways.
In several steps we discarded distances that were considered as outliers and merged those that were very similar; the underlying idea was to obtain a robust set of distances that combined co-occurrence, gene and pathway based distances.
Step 1: For each measurement we ranked the DG-COPD associations as shown in Fig. S6. For instance, DG_8 (DG12) appears high (low) in most measurements; when considering no co-occurrence measurements we observe high correlation between rankings. We observed that RR and  do not correlate in many cases (as expected [1–3]) but they also do not correlate with non-co-occurrence measurements. We did a Principal Component Analysis (PCA, Fig. S7) and observed the following: (1) the combined use of the first component (33.84% variance explained) and second component (15.35% variance explained) separates primarily based on the origin of the measurements (genes, gene-sets, etc.) and secondly the phi measurements from the JC and T measurements. (2) Additionally we observed that measurements using the regular disease-gene set or the extended by PPI disease-gene set always appeared close and showed high correlation. (3) Co-occurrence based measurements, RR and phi, are separated from the rest. And (4) Biocarta-based distances are outliers compared to the rest of the gene-sets. Based on those observations we decided to (i) exclude Biocarta distances (as an outlier) and (ii) exclude T measurements considering that JC and T were very similar, and (iii) compute an average rank adding the ranks provided by the original gene-disease set association and the extended by PPI associations.  
Step 2: The analysis of the new distances is provided in Fig. S8 (ranked-based distance) and their projections in two dimensions in Fig. S9 (PCA). Interestingly the PCA show that using first (43.67%) and second (24.86%) components the new distances are separated into 4 types: gene-driven distances, gene-set driven distances and the two co-occurrence based distances. This is a very relevant result because it highlights that the three gene-set definitions (GO, KEGG and REACTOME) provide very similar distances between DG and COPD, confirming the robustness of the approach. Furthermore, JC and phi measurements are very similar. 
Step 3: Based on this result we computed a ranked-based distance from the sum of the distances of the three gene-sets and a rank-based distance based on the sum of both JC and phi distances for gene and gene-set distances, see Fig. 1(b).
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