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Text S1: Supplementary Information on  
Multi-Source Information Network Construction and Gene Rankings 

Mapping: A background list was compiled with the Ensemble IDs for the protein-
coding genes from the human chondrocyte data. We converted the Ensemble IDs to offi-
cial gene symbols using the R package org.Hs.eg.db [1] for genome-wide annotation for 
humans. Missing gene names were identified from www.gtexportal.org and added man-
ually for “ENSG00000205583" = "STAG3L1", “ENSG00000221870" = "TMEM257". The OA 
co-expression network’s edgelist was also mapped from Ensemble IDs to their official 
gene. 

Gene List Construction: We formulated three gene lists with two columns correspond-
ing to the gene ID and the respective scores as follows: 
1. SEED List: Ranked list of the seed genes identified from the OA meta-analysis, 

ranked based on p-value (of the initial list before filtering). Each gene 𝑖 received the 
gene score 𝐺𝑆௜ per list, calculated based on 𝐺𝑆ௌா = ௅ି(ோ೔ିଵ)௅ , where 𝐿 is the length 
of the list and 𝑅௜ is the rank of each gene.  

2. SNPs List: Ranked list of genes based on protein-coding SNP variants associated with 
OA. Each gene received a score 𝐺𝑆ௌே that was calculated based on the expression 𝐺𝑆ௌே = ೔ ௖೔ெ௔௫ೄಿ , where 𝑐௜  represents the confidence level of the prediction for each 
microRNA targeting the gene (for knee-related variants, 𝑐௜ = 1.0 and for OA-related 
variants, 𝑐௜ = 0.5) and 𝑀𝑎𝑥ௌே represents the maximum value of 𝑐௜ across all genes.   

3. miRs List: Ranked list of the top gene targets of the OA-related microRNAs, based 
on the number of microRNAs targeting in each gene. We selected here the miRNA 
experimentally validated gene targets (from miRTarBase) of "miR-140-5p", "miR-150-
5p", and "miR-424-3p". Each gene received a score 𝐺𝑆ெ calculated based on the ex-
pression 𝐺𝑆ெ = ெ೔ெ௔௫ಾ, where 𝑀௜ represents the total number of microRNAs target-
ing the gene 𝑖 and 𝑀𝑎𝑥ெ = 3.0 represents the theoretical maximum value.  
Network Construction: Three networks were created and analysed using the igraph  

[2] R package: 
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1. OA network: the weighted mutual-rank human chondrocyte protein-coding net-
work, filtered for the top 15 most co-expressed genes for each seed. 

2. SEED network: We constructed different types of networks for the genes in the 
seed list from the GeneMANIA tool [3] in Cytoscape [4] with the following options (Spe-
cies: Homo sapiens, Networks: co-expression, co-localisation, genetic interactions, physi-
cal interactions, network weighting: automatic, no additional genes or attributes). The dif-
ferent GENEMANIA networks were merged into one by summing the individual weights 
for each pairwise gene–gene edge.  

3. miRs network: number of common microRNA targeting each pair of genes. We 
constructed a network based on the knowledge we gathered for the targeted genes by the 
three key microRNAs identified to be experimentally verified for OA. Each gene-to-gene 
pair was assigned a weight based on the number of common microRNAs targeting both 
genes. 

Filtering: The background gene list was used as the reference gene list towards which 
all other sources were compared and filtered. Based on this comparison, two genes were 
excluded from the SNPs list (DPEP1, BTNL2) and two were excluded from the SEED list 
(CEACAM4, SRCIN1). 

Multi-source Network Integration and Gene Prioritization: Genes were ranked with re-
spect to their importance and involvement in OA based on the collected multi-source data 
with the Multi-source Information Gain (MIG) characteristic score as previously described  
[5]. The MIG score is calculated using two scores: 𝑀𝐼𝐺 = 𝑤 ∗ 𝑀𝐼𝐺n + (1 – 𝑤) ∗ 𝑀𝐼𝐺e (S1)

where 𝑀𝐼𝐺௡represents the normalized integrated nth gene-specific information (i.e. node 
characteristics) and 𝑀𝐼𝐺௘  represents the normalised integrated gene–gene information 
(based on the topology of the multi-integrated super network) and corresponds to the 
weighted degree of the multi-integrated super network.  

For the first term MIGn, the gene-specific information was extracted from our dataset 
with: 𝑀𝐼𝐺௡ = ∑ 𝑤௜௡𝐺𝑆௜௜ , 𝑖 ∈ ሼ𝑀, 𝑆𝑁, 𝑆𝐸ሽ where ∑ 𝑤௜௡ = 1௜   (S2)

Here, 𝐺𝑆ெ is a vector corresponding to the scored gene list from the miRs list,  𝐺𝑆ௌே 
is a vector corresponding to the scored gene list from the SNPs list, and 𝐺𝑆ௌா is a vector 
corresponding to the ranked genes from the SEED list. 𝐺𝑆௫ is in canonical form as it takes 
values 𝐺𝑆௫ ∈ (0,1] for all gene lists. 

For the second term MIGe, an integrated super network was created by implementing 
a weighted sum of the edge vectors of three gene–gene networks to obtain the composite 
edge vector of the network. The edge-specific information for each gene 𝐺௜ was given by 
the weighted degree (strength) of the integrated network 𝑀𝐼𝐺௘ = 𝑠𝑡𝑟𝑒𝑔𝑡ℎ(𝐺௜), where the 
edges in the integrated network were given by the expression: 𝑀௘ௗ௚௘ = ∑ 𝑤௜௘𝐺𝐸௜௜ , 𝑖 ∈ ሼ𝑀, 𝑂𝐴, 𝑆𝐸ሽ where ∑ 𝑤௜௘ = 1௜  (S3)

Here, 𝐺𝐸௜ vectors correspond to edges in each of the three individual networks, i.e., 
(i) number of common miRNAs targeting each gene pair (M), (ii) the chondrocyte-expres-
sion network (OA), and (iii) the meta-analysis GENEMANIA-derived seed gene network, 
comprised of co-expression, co-localisation, genetic interactions, and physical interactions 
between seed genes. The edges of the three networks were normalised to their canonical 
form (0,1] divided by the maximum edge weight for each respective network. All emerg-
ing networks were non-directed weighted networks, with edge weights in the 0 to 1 range.  

We considered equal contribution to the score of the gene-specific information and 
of the topology of the integrated gene–gene super network (𝑤 = 0.5 in Equation (S1)). 
The weights 𝑤௫௡ and 𝑤௫௘ for the respective sources were selected to represent the level 
of empirical confidence to each source, i.e., 𝑤ெ௡ = 0. ,1  , 𝑤ௌே௡ = 0.4, 𝑤ௌா௡ = 0.5 in Equation 
(S2) and 𝑤ெ௘ =  0.1 , 𝑤ௌா௘ = 0.4, 𝑤ை஺௘ = 0.5 in Equation (S3). 
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