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Introduction 
We conducted genome-wide association and 
meta-analyses for 163 metabolites as 
detected using the Biocrates AbsoluteIDQ 
p150 sample preparation kit. These analyses 
only provide the associations between a 
single metabolite and all single nucleotide 
polymorphisms in the genotype data. Also, it 
is expected that there is considerable 
pleiotropy (the same gene influencing the 
levels of multiple metabolites). 
 

Objective 
To highlight connections among metabolites, 
we sought to identify sets of genes (gene 
modules) shared across different 
metabolites.  
 

Methods 
 
 
 
 
 
 
 
 
 
A flowchart of the analysis is depicted in 
Figure 2. In brief, gene-based P-values were 
computed on the basis of the results from 
the meta-analyses of the genome-wide 
association results for each metabolite. For 
this, an adaptation of the VEGAS (VErsatile 
Gene-based Analysis Software) [Liu et al.,  
Am J Hum Genet 2010] algorithm was used. 

We used the Benyamini-Hochberg method  
to determine which associations between 
genes and metabolites were statistically 
significant. The associated genes for each 
metabolite were denoted as “gene sets”.  
 
Then, the overlap in gene sets across 
different metabolites was quantified by  
computing the  matrix of Jaccard index 
values for each possible pair-wise metabolite 
combination. The resulting similarity matrix 
was used as input for a hierarchical 
clustering analysis using the average linkage 
algorithm. The “dynamic tree cut” method 
was used to cut the resulting dendrogram in 
order to define clusters of metabolites 
sharing the same significantly associated 
genes (“gene sets”). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Finally, the enrichment of the genes within 
the found clusters for ontology terms in four 
categories (“Biological process”, “Molecular 
function”, “Cellular component”, “Immune 
system response”) was assessed. 
 

Results 
Ten (10) clusters of metabolites with  
overlapping gene sets (gene modules) were 
found. Examples of the first three clusters 
are given in Figures 3A–C. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Conclusions and 
future work 
•We have developed and used a method to 
elucidate, de novo, clusters of metabolites 
and their associated genes. 
•The developed method represents one way 
to functionally follow up the results of 
genome-wide association studies based on 
metabolomics. 
•The biological significance of the found 
clusters still needs to be addressed in future 
studies. 
 

163 metabolites targeted by the 
Biocrates kit, and belonging to 
five classes. 

129 metabolites included in GWA 
meta-analysis. 

108 metabolites showing significant 
associations with genes. 

Edges drawn between 108 
metabolites and significantly 
associated genes. 

Figure 2. Flowchart of analysis. Bulleted lines connect 
corresponding steps depicted in this Figure and in 
Figures 1 or 3. 

Figure 1. Numbers of metabolites retained at each 
step. 

Figure 3A. Cluster 1 

Figure 3B. Cluster 2 

Figure 3C. Cluster 3 

Figure 3. Examples of found clusters. Ontology terms 
with lowest enrichment P-values are shown explicitly. 
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