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Motivation
• Biomedical research involves integration of multiomics data contextually, to 

reconstruct networks, understand mechanisms, identify biomarkers and potential 
drug targets for drug design and therapy.

• Researchers need to access data and information from several diverse sources 
comprising of  data in a variety of (and sometimes incomplete) formats.

• Next, the data and information are further analyzed and aggregated manually (or 
semi-automatically at best) with considerable effort in order to reconstruct 
networks, develop quantitative models and decipher mechanisms.

• MetGENE is a knowledge-based data integration tool that uses a hierarchical 
information retrieval approach to aggregate gene, pathway,  reaction and 
metabolite and metabolomic study-centric data from various sources (such as 
KEGG and Metabolomics Workbench) under one dashboard, to enable ease of 
access by centralization of relevant information.



Gene to Metabolomic  Studies
• MetGENE is a hierarchical, knowledge-based gene-centric information retrieval tool.
• Given one or more genes, the MetGENE identifies associations between the gene(s) and 

the metabolites that are biosynthesized, metabolized, or transported by proteins coded 
by the genes. 

• The gene(s) link to metabolites, the chemical transformations involving the metabolites 
through gene-specified proteins/enzymes, the functional association of these gene-
associated metabolites and the pathways involving these metabolites.

Genes Pathways Reactions Metabolites Studies

Species
Anatomy Disease PhenotypeFilters



MetGENE Architecture

PHP/JavaScript

MetGENE R Package (Extracts information from various sources and collates into tables)

Gene Databases
Links to NCBI, 

GeneCards, ENSEMBL, 
UNIPROT, MARRVEL

KEGG Database MW Database

REST API

Pathway Databases 
Links to 

PathwayCommons, 
Reactome, WikiPathways
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Features
• Client-side error handling and validation - gene search input is validated to allow only 

alphanumeric symbols. Invalid gene IDs are recognized, and appropriate error messages 
are displayed.

• Supports filtering based on
• Taxonomy - Uses terms (e.g. Human, Mouse), as per the NCBI taxonomy database

• Anatomy – Uses terms (e.g. Blood, Liver), from Uber-anatomy Ontology (Uberon)

• Disease - Uses terms (e.g. Diabetes, Fatty liver disease) from Disease Ontology database

• Phenotype (in progress) - Uses terms (e.g. BMI) from the Human Phenotype Ontology database

• JSON files for each of these categories are curated and updated regularly to keep them current and 
use it to generate a two-step selection menu based on anatomy, disease and phenotype slim terms 
in the first level and corresponding anatomy, disease and phenotype terms in the second level for 
ease of presenting the options to the user.



Web based UI
• User can specify the gene using several gene ID types, such as SYMBOL, ENTREZ 

gene ID and ENSEMBL ID.

• Gene ID conversion tool translates these into harmonized IDs that are basis at the 
computational end for metabolite associations (data integration).

• All studies involving the metabolites associated with the gene-coded proteins, as 
present in the Metabolomics Workbench (MW), the portal for the NIH Common 
Fund National Metabolomics Data Repository (NMDR), will be accessible to the 
user through the portal interface.



Example: PNPLA3

• The PNPLA3 gene encodes for the protein adiponutrin, found in fat and liver cells.
• Regulates the development of adipocytes and the production and breakdown of fats 

(lipogenesis and lipolysis).
• Diseases associated with PNPLA3 include Fatty Liver Disease and Non-Alcoholic 

Steatohepatitis. 
• Pathways: Metabolism and Glycerophospholipid biosynthesis. 

Kohen, … Hobbs, Human fatty liver disease: old questions and new insights , Science, 
2011
https://pubmed.ncbi.nlm.nih.gov/21700865/
Biomarkers of NAFLD progression: a lipidomics approach to an epidemic
https://pubmed.ncbi.nlm.nih.gov/25598080/
The role of PNPLA3 in health and disease: https://pubmed.ncbi.nlm.nih.gov/29935383/
PNPLA3—A Potential Therapeutic Target for Personalized Treatment of Chronic Liver 
Disease: https://www.frontiersin.org/articles/10.3389/fmed.2019.00304/full 

https://www.malacards.org/card/fatty_liver_disease
https://www.malacards.org/card/non_alcoholic_steatohepatitis
https://pathcards.genecards.org/card/metabolism
https://pathcards.genecards.org/card/glycerophospholipid_biosynthesis
https://pubmed.ncbi.nlm.nih.gov/21700865/
https://pubmed.ncbi.nlm.nih.gov/25598080/
https://pubmed.ncbi.nlm.nih.gov/29935383/
https://www.frontiersin.org/articles/10.3389/fmed.2019.00304/full


Gene ID and Type

Filters

Landing page
https://bdcw.org/MetGENE

https://bdcw.org/MetGENE


Provides 
context and 
can be 
navigated



Genes

Takes the user to the genomic databases



Pathways



Reactome
Pathway page for
PNPLA3 showing 

DAG and TAG 
reactions



Reactions

Reaction IDs 
are linked to 
KEGG 
reactions Reaction Name is 

KEGG reaction name



KEGG 
page for 
Reaction
R02250



Metabolites

Linked to MetStat
(metabolite statistics)

Linked to MW 
RefMet

Linked to KEGG 
(Reaction IDs))



RefMet page for 
TG 

14:0_18:1_18:1



MetStat
page for 

TG 
14:0_16:0

_18:1



Studies

Studies can be 
combined across 
different metabolites as 
selected by the user

Hyperlinked study 
IDs with hover on 
study title



Combined list of studies



https://www.metabolomicsworkbench.org/data/DRCCMetadata.php?Mode=Study&StudyID=ST001710



REST API
• MetGENE output tables can be accessed using Smart APIs (https://smart-

api.info/registry?q=342e4cec92030d74efd84b61650fb0ea)

• Information can also be accessed via the REST API from the browser, for example,
https://bdcw.org/MetGENE/rest/reactions/species/hsa/GeneIDType/SYMBOL/GeneInfoStr/HK1
/anatomy/Blood/disease/Diabetes/phenotype/BMI/viewType/json

https://bdcw.org/MetGENE/rest/metabolites/species/hsa/GeneIDType/SYMBOL/GeneInfoStr/
HK1/anatomy/Blood/disease/Diabetes/phenotype/BMI/viewType/json

https://bdcw.org/MetGENE/rest/studies/species/hsa/GeneIDType/SYMBOL/GeneInfoStr/HK1/a
natomy/Blood/disease/Diabetes/phenotype/BMI/viewType/json

https://smart-api.info/registry?q=342e4cec92030d74efd84b61650fb0ea
https://bdcw.org/MetGENE/rest/reactions/species/hsa/GeneIDType/SYMBOL/GeneInfoStr/HK1/anatomy/Blood/disease/Diabetes/phenotype/BMI/viewType/json
https://bdcw.org/MetGENE/rest/metabolites/species/hsa/GeneIDType/SYMBOL/GeneInfoStr/HK1/anatomy/Blood/disease/Diabetes/phenotype/BMI/viewType/json
https://bdcw.org/MetGENE/rest/studies/species/hsa/GeneIDType/SYMBOL/GeneInfoStr/HK1/anatomy/Blood/disease/Diabetes/phenotype/BMI/viewType/json


REST API for Summary
• Single gene case:
https://bdcw.org/MetGENE/mgSummary.php?species=hsa&ENSEMBL=ENSG00000000419&viewType=all

https://bdcw.org/MetGENE/mgSummary.php?species=hsa&GeneSym=ALDOB&GeneID=229

https://bdcw.org/MetGENE/mgSummary.php?species=hsa&GeneSym=RPE&GeneID=6120&viewType=PIE

https://bdcw.org/MetGENE/mgSummary.php?species=hsa&GeneSym=RPE&GeneID=6120&viewType=BAR

• Multiple genes case:
https://bdcw.org/MetGENE/mgSummary.php?species=hsa&GeneSym=RPE__ALDOB__GPI&GeneID=6120__229_
_2821

https://bdcw.org/MetGENE/mgSummary.php?species=hsa&GeneSym=RPE__ALDOB__GPI&GeneID=6120__229_
_2821&viewType=PIE

https://bdcw.org/MetGENE/mgSummary.php?species=hsa&GeneSym=RPE__ALDOB__GPI&GeneID=6120__229_
_2821&viewType=BAR

https://bdcw.org/MetGENE/mgSummary.php?species=hsa&ENSEMBL=ENSG00000000419&viewType=all
https://bdcw.org/MetGENE/mgSummary.php?species=hsa&GeneSym=ALDOB&GeneID=229
https://bdcw.org/MetGENE/mgSummary.php?species=hsa&GeneSym=RPE&GeneID=6120&viewType=PIE
https://bdcw.org/MetGENE/mgSummary.php?species=hsa&GeneSym=RPE&GeneID=6120&viewType=BAR
https://bdcw.org/MetGENE/mgSummary.php?species=hsa&GeneSym=RPE__ALDOB__GPI&GeneID=6120__229__2821
https://bdcw.org/MetGENE/mgSummary.php?species=hsa&GeneSym=RPE__ALDOB__GPI&GeneID=6120__229__2821&viewType=PIE
https://bdcw.org/MetGENE/mgSummary.php?species=hsa&GeneSym=RPE__ALDOB__GPI&GeneID=6120__229__2821&viewType=BAR
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