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1. KNOWLEDGEBASE CREATION

1.1 Knowledgebase for network creation

1.1.1 SNP-metabolite association (NnGWAS)

As of December 2021, 65 mMGWAS papers had been found after searching PubMed, Web of
Science, bioRxiv, and medRxiv, after a thorough literature research. The summary statistics were
either collected from publicly available databases or supplementary data from the original
publications. Study-specific significant thresholds were used to pre-filter statistical associations

between metabolites and SNPs. Details of the curated mGWAS dataset can be found in our

Resources page: https://www.mgwas.ca/mGWAS/faces/Secure/Resources.xhtml

1.1.2 SNP to gene mapping

Three options are provided for SNP to gene mapping, including HaploReg [1], PhenoScanner [2],
and VEP [3] by using the Application Programming Interface (API) service of each database.
The Ensembl Variant Effect Predictor (VEP) is a comprehensive suite of tools for analyzing,
annotating, and prioritizing genomic variants in both coding and non-coding regions.

https://rest.ensembl.org/documentation/info/vep id get

PhenoScanner is a curated database of results from large-scale genetic association studies.

https://qgithub.com/phenoscanner/phenoscanner

HaploReg is a database for mining putative causal variants, cell types, regulators, and target genes
for human diseases and complex traits.

https://github.com/izhbannikov/haploR

1.1.3 LD proxy search

mGWAS-Explorer allow users to search for metabolites/diseases associations with proxies for
SNPs of interest using the HaploReg API or PhenoScanner API. The LD information is based on
the 1000 Genomes Project.

1.1.4 SNP-disease association

DisGeNET was used to obtain SNP-disease associations, which contains both curated and
literature data [4]. The curated data include SNP-disease associations from UniProt [5], ClinVar
[6], GWAS Catalog [7], and GWASdb [8].

https://www.disgenet.org/downloads
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1.1.5 Gene-metabolite association

Knowledge-based gene-metabolite association information was curated using KEGG, Recon3D,
and the Transporter Classification Database (TCDB) [9-11].

KEGG: metabolite-gene associations based on KEGG reaction.

https://www.genome.jp/kegg/

Recon3D: high-quality genome-scale metabolic reconstruction.

https://www.vmbh.life/

TCDB: transporter classification database for transporter protein information.
https://www.tcdb.org/

1.1.6 Protein-protein interaction

Information on protein-protein interaction was taken from four well-established PPl databases,
including InnateDB [12], STRING [13], HuRI [14], and Rolland et al [15].

InnateDB contains literature-curated data on protein-protein interactions.

https://www.innatedb.com/index.jsp

STRING is a comprehensive database for protein-protein interaction networks. We have filtered
on medium (400) to high (900) confidence score.
https://string-db.org/

HuRlI is a reference interactome map of human binary protein interactions.

http://www.interactome-atlas.org/

Rolland et al. contains experimentally validated binary human PPI data.

http://interactome.dfci.harvard.edu/H sapiens/

1.1.7 Gene-disease association
DisGeNET was also used to obtain gene-disease associations.
https://www.disgenet.org/downloads

1.1.8 Metabolite-disease association

HMDB was used to retrieve metabolite-disease associations.

https://hmdb.ca/downloads

1.2 Knowledgebase for network interpretation

For network analysis, it is crucial to be able to interpret the results in addition to visualization. In
this regard, enrichment analysis plays a key role. Thus, we have implemented three types of

enrichment analysis, including SNP-set, gene-set and metabolite-set enrichment analysis.
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1.2.1 SNP-sets

DisGeNET was used for SNP-sets, where diseases having three or more SNPs are taken into
account when creating a SNP-set.

https://www.disgenet.org/downloads

1.2.2 Gene-sets

Gene Ontology (GO) was used to obtain gene-sets for biological processes, molecular functions,
and cellular components.

http://geneontology.org/

Reactome and KEGG was used to get gene-sets for pathways.

https://reactome.org/download-data

https://www.keqq.jp/

Orphanet was used to obtain gene-sets for rare diseases.

http://www.orphadata.org/cgi-bin/index.php

DrugMatrix and DSigDB were used to obtain gene-sets that related drugs and their target genes.
https://ntp.niehs.nih.gov/data/drugmatrix/

http://dsigdb.tanlab.org/DSigDBv1.0/

1.2.3 Metabolite-sets

KEGG was used to retrieve metabolite-sets for KEGG pathways.
https://www.keqq.jp/

2. DATA SEARCH
The ‘Search’ module allows users to search the results for significant SNP-metabolite associations
from the curated mGWAS datasets. Users can enter the rsID or Common Name in the search bar,

where autocomplete is supported. The search results will return in the table below.

3. DATA BROWSE

The ‘Browse’ module allows users to visually examine the summary statistics from individual
MGWAS datasets in a 3D Manhattan plot. Users can zoom in/out or rotate the 3D plot and mouse
over on the dots to see detailed information. Meanwhile, table view and network view are also

provided.
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4. DATA UPLOAD AND PROCESSING

4.1 Data inputs

The flexible interface allows users to start from SNPs, genes, or metabolites. The input can be
uploaded by entering a list of IDs (SNPs, genes, metabolites). Users can refer to the relevant FAQs

and tutorials or see our test examples for more details.

MGWAS-Explorer currently supports rsID for SNPs, Ensembl gene 1D, Entrez ID and official
gene symbol for genes, HMDB ID, KEGG ID and compound name for metabolites. Additionally,
users can filter on “Biofluid” or “Population”, the results will return SNP-metabolite associations

on the metabolites measured in the chosen biofluid and population.

5.NETWORK CREATION AND REFINEMENT

The input data from users will be searched against our knowledgebase. The resulting pair-wise
tables are used to generate the default networks. Since not all nodes will be connected, the results
may return many networks, usually one large network with a few smaller ones. Table summary
and network summary are displayed (Figure S1), indicating the statistics for nodes and edges to
allow users to have an overview of the networks. We recommend that users keep their networks
below 2000 nodes for practical reasons, since large networks will induce a ‘hairball’ effect, which
make it difficult to comprehend the results. mMGWAS-Explorer has built-in network tools that allow
users to refine networks according to topological measurements (degree, betweenness, and shortest
path), batch filtering, and computing minimum subnetworks based on the prize-collecting Steiner
Forest (PCSF) algorithm.
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Tables
Network Tools: @

The pair-wise tables together with the supporting information are listed below. Your can dlick the table name to download the complete table, or browse the tables {max. 1000 entries). Click the
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Figure S1. A screenshot of the Network Builder page, including table statistics, network statistics

and network tools.

6. NETWORK VISUALIZATION AND FUNCTIONAL ANALYSIS

The HTMLS5 canvas and JavaScript were used to develop the network visualization system. Figure
S2 shows a screenshot of the network visualization interface. The network visualization system
comprises four main components: the top menu bar, the left node table, the center network viewing

area, and the right panel.
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Figure S2. A screenshot of the mGWAS-Explorer network visual analytic system. The system
comprises four main components: the top menu bar, the left node table, the center network viewing
area, and the right panel. Users can easily highlight and arrange nodes based on their connectivity

patterns or enriched functions.

6.1 General network customization

The top menu bar offers common functions to customize the network, such as changing the
background color, adjusting the characteristics of the nodes (label, color, size, shape) and edges
(opacity, thickness, color), or downloading the results. Users can select the preferred network
layout by using the ‘Layout’ option. The ‘Scope’ option allows users to specify the mouse
operation range during drag-and-drop, either ‘Single node’, ‘Node-neighbors’, All highlights’,
‘Current highlights’, or ‘Node type’.

6.2 Node searching and edge viewing

The nodes of the network are displayed in the Node Explorer on the left side, along with their
degree and betweenness measurements. A checkmark will show in the ‘Input’ column if it is a
seed node provided by the user. Users can click on a row or type the ID in the search bar to view

the node of interest. The network will zoom to the selected node automatically. Alternatively,



multiple nodes can be selected by clicking the checkboxes. Users can decide to highlight ‘All’ or
the ‘Shared’ nodes accordingly. Meanwhile, double clicking an edge will show the evidence that

supports the connection between the nodes.

6.3 Functional enrichment analysis

The combination of network visualization and functional enrichment analysis can provide valuable
biological insights. mGWAS-Explorer supports over representation analysis (ORA) [16]. ORA is
a widely used method to assess whether known biological functions or pathways are over-
represented (i.e., enriched) in a list of interest (e.g., SNP, gene, or metabolite). Hypergeometric

tests are used to calculate the p-values.

6.4 Other Advanced Features

The bottom right panel contains three tabs — Module Explorer, Batch Selection, and Path Finder.
The Module Explorer tab provides three different approaches for module detection — the WalkTrap,
InfoMap, and Label propagation algorithms. Users can perform module detection to identify
tightly clustered subnetworks with more internal connections than would be expected at random
in the whole network. The Batch Selection tab allows users to highlight or exclude a list of nodes.

The Path Finder tab allows users to find the shortest path between any two nodes.

7. IMPLEMENTATION
The backend of mMGWAS-Explorer was implemented using the R programming language (version

4.1.3; https://www.r-project.org/). The whole framework was built based on the JavaServer Faces

technology using the PrimeFaces component library (version 11.0; https://www.primefaces.org/).

The integrated data is stored in a relational database using SQLite

(https://www.sglite.org/index.html). Network visualization and analysis are based on jquery

(https://jquery.com/) for general-purpose scripting, sigma.js (https://www.sigmajs.org/) for

network display and interactions, and igraph (https://igraph.org/) for network analysis and layout.

3D Manhattan plot is built on ECharts-GL, an extension pack of Apache ECharts, which provides
3D plots and WebGL acceleration (https://echarts.apache.org/en/index.html).
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