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Methods 

Weighted Gene Co-Expression Network Analysis (WGCNA) 

The WGCNA is a tool first described by Steve Horvath and Peter Langfelder18. It is a 

powerful and robust tool to analyse preselected gene sets and find correlated biological 

functions or related pathways to specific clinical traits. In our case, we used our MRS values 

of each metabolite as input for this analysis. The WGCNA tool is available on the 

bioconductor database and processed in R-software. In the following description we announce 

our used R-code. 

 

Preparing Data for WGCNA 

All expression data and values of each specific metabolite were used as input for WGCNA 

analysis. In addition, clinical data such as progression-free survival were included to expand 

the analysis. In a first step, outliers in the expression dataset were identified by a normalised 

connectivity below the threshold of -2.5. All samples identified as outliers were excluded 

from further analysis. 

A=adjacency(t(datExpr),type="distance") 

k=as.numeric(apply(A,2,sum))-1 

Z.k=scale(k) 

thresholdZ.k=-2.5 

 

All analysis was performed as signed network analysis with a soft threshold (power ß) based 

on scale-free topology criteria. We tested different ß-values by following r-function. 

 

powers=c(1:20) 

sft=pickSoftThreshold(datExpr,powerVector=powers, networkType = "unsigned") 
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Calculation of SFT: 

𝑅!"# = 𝑐𝑜𝑟(log 𝑓𝑟𝑒𝑞!" , log 𝐾𝑁 )  > 0.9 

 

If the correlation between the logarithm of connectivity (KN) and frequency of connectivity 

(freqKN) achieved values above 0.9, we assume that SFT criteria are adhered. The calculated 

power was implemented in the WGCNA analysis. In addition, dynamic tree cutting was used 

as described by Peter Langfelder14 with a deep split of two.  

 

blockwiseModules(datExpr,corType="pearson", 

maxBlockSize=8000,networkType="signed",power=18,minModuleSize=30, 

mergeCutHeight=mergingThresh, numericLabels=TRUE, 

pamRespectsDendro=F,deepSplit=2) 

 

Genes were divided into groups with its connected partner genes. All genes belonging to a 

cluster branch were defined as a “module”. These modules were used for all further analysis. 

 

Characterising of Module Functions by Module Related Eigengenes 

Eigengenes of all identified modules were calculated by following R-code and a cluster of 

cluster analysis was performed. 

 

MEList=moduleEigengenes(datExpr,colors=moduleColorsAutomatic) 

 

We calculated values for the module membership by module eigengene based connectivity 

(kME). This intramodule connectivity was correlated to each metabolite. Significantly 

positive or negative correlated modules were separated. We only used modules that were 



	   4	  

significantly correlated (p<0.01). kME values of each module were used to characterize the 

biological functions or associated pathways.  

 

datKME=signedKME(datExpr, ME_Merged) 

colorOfColumn=substring(names(datKME),4) 

 

 

 

Supplementary Figure 1 

A: An example of a heatmap by correlation values between module eigengenes and MRS 

metabolites. Positive correlations are marked in red, negative correlations in green.  

B: Cluster of Clusters. Each clustered module and MRS metabolites were clustered by 

unsupervised Euclidean distance. 

 

 

Gene Set Enrichment Analysis (GSEA) 

Permutation based gene set enrichment analysis (GSEA)17 was performed for each module to 

find specifically enriched biological functions and related pathways. Preranked GSEA were 

performed with 1000 permutations. The Molecular Signatures Database version 5.0 was used 
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including GO gene sets (C5) and pathway analysis gene sets (H1) 

(http://www.broadinstitute.org/gsea) as input databases for this analysis.  


