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NCIBI Metabolomics Data Analysis Tools

• MetScape - Cytoscape plugin for visualization and analysis of 
metabolomics data

• Metab2MeSH - a tool that uses statistical approach to reliably and 
automatically annotate compounds with the concepts defined in MeSH, 
the National Library of Medicine’s controlled vocabulary for biomedical 
concepts

• ConceptMetab - a prototype tool that allows users to examine the 
relationships among predefined and user - specified  compound sets from 
derived from high-throughput, unbiased metabolomics data or from the 
literature

• GenePattern Correlation Matrix Module - a module for calculating 
pairwise correlations between genes and metabolites
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ConceptMetab - a prototype tool that allows users to examine the relationships 
among predefined and user - specified  compound sets from derived from 
high-throughput, unbiased metabolomics data or from the literature

ConceptMetab

See ConceptMetab poster for details:
ConceptMetab: A New Tool for Testing and Visualizing Relationships Among Sets of 
Metabolites. Vasudeva Mahavisno,  Glenn Tarcea, Terry Weymouth, Alla Karnovsky, and 
Maureen A. Sartor

Biological Knowledge Type # of 
Concepts

Source

Biological processes 1577 Gene Ontology

Molecular functions 539 Gene Ontology
Cellular components 234 Gene Ontology
Enzyme 319 KEGG
KEGG Metabolic Pathways 74 KEGG



ConceptMetab



Metab2MeSH uses statistical approach to reliably and automatically annotate 
compounds with the concepts defined in MeSH, the National Library of Medicine’s 
controlled vocabulary for biomedical concepts

Metab2MeSH

Substance 
file from NLM

Filtered 
Substance 

file
MeSH

A B

C D

# In MeSH 
term

# not in MeSH 
term

# in 
Substance

# not in 
Substance

Fisher’s exact  test 

Numbers refer to number of 
MeSH and Substance tagged 
documents 

Metab2MeSH

p < 10-5

Filter out enzymes, 
genes, complexes, 
groups of substances, 
etc.

http://metab2mesh.ncibi.org/

http://metab2mesh.ncibi.org/�


Metab2MeSH



GenePattern Correlation Matrix Module
• GenePattern is a powerful genomic analysis platform developed by 
Broad Institute (Reich M, Liefeld T, Gould J, Lerner J, Tamayo P, 
Mesirov JP (2006) GenePattern 2.0 Nature Genetics 38 no. 5 (2006): 
pp500-501 doi:10.1038/ng0506-500.)

• It provides  access to variety of tools for  gene expression analysis, 
proteomics, SNP analysis and common data processing tasks. 

•GenePattern Correlation Matrix Module calculates pairwise
correlations between genes and metabolites and creates a matrix that 
can be can be imported into other  GenePattern tools, e.g. 
HeatMapViewer.

Can be accessed from NCIBI portal (http://portal.ncibi.org/gateway/)

Please contact me for specific instructions on how to access this tool 
(akarnovs@umich.edu)

http://portal.ncibi.org/gateway/�


Visualizing Gene-Metabolite Correlation 
Matrix as Heatmap
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Metscape
Objectives:
- create the framework for the analysis of metabolomic 
data in the context of human metabolic pathways

- develop a  tool that would link metabolite data with other 
types of high throughput molecular data by incorporating 
prior knowledge of metabolites, genes, proteins, pathways 
and molecular interactions



Framework for Data Analysis
 A number of public databases contain information 

about, metabolites, reactions, human metabolic 
networks:
 KEGG (Kanehisa et al., 2008)
 BIGG (Recon1 - Duarte et al., 2007)
 EHMN (Ma et al., 2007)
 HMDB (Wishart et al., 2009)

Compounds

Reactions

Enzymes (EC)

Genes



MetScape is a plug-in for Cytoscape (Shannon et al., 2003)
http://www.cytoscape.org 

Exploring Data in MetScape



GSEA,
LRpath

Metabolomics 
Data

Gene Expression Data

Gene Set Enrichment Analysis

Compound 
Network

Compound – Reaction
Network

Compound – Reaction-
Enzyme – Gene Network

Gene Network

Next Generation Metscape Workflow



MetScape 2.0 Prototype
Gene

Enzyme

Reaction

Compound
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We Need Your Feedback!
You can help us improve our tools by providing your feedback

Please take a minute to complete the survey 
at the end of this session

Metscape 1.0 and Pathway tools/Omics viewer evaluation survey 

Please indicate on a scale from 1 to 5 (5 – strongly agree, 1 – strongly disagree) how satisfied 
you were with various aspects of 2 programs.  

Metscape Om  

-          Data upload process is easy and efficient
-          It is easy to un-do, re-do and make corrections in the process of data loading  if needed
-          It is easy to verify that the data was loaded correctly
-          The input values accepted by the program adequately describe the data (e.g. compound concentration,fold change)
-          I would like to be able to view additional derived values (e.g. enrichment scores) .

2. Building and visualizing  network
-          The parameters for a desired network view are easy to set.
-           The parameters clearly describe the resulting view

3. Network view
                          

                          
      

              
                
                   
                 

           
   

         
         

      
           
            

       
  

       
        
       

          
            
               

    
         

           
  

              
         

       
      

        

1. Loading  experimental data

 



Background Information for Today’s Demo
• Approximately 150 million people worldwide have type 2 diabetes 

(T2D) and this number is predicted to double to 300 million by 2025
• Db/db diabetic mouse is one of the most extensively studied animal 

models of T2D. 
– Db/db mice lack a functioning leptin receptor resulting in defective leptin-mediated 

signal transduction, which causes chronic overeating, obesity, insulin resistance, 
hyperglycemia, dyslipidemia, and other manifestations including kidney disease and 
fibrosis.

• We will use the NMR-based unbiased metabolomics data set from 
Connor et al.*
– characterized the differences in metabolites between urine samples from the 

diabetic db/db and control db/+ mice. 
– identified 66 metabolites, including several that were previously confirmed as 

arising from gut microflora
___________________
*Connor SC, Hansen MK, Corner A, Smith RF, Ryan TE. Integration of metabolomics and 

transcriptomics data to aid biomarker discovery in type 2 diabetes. Mol Biosyst. 2010 
May 10;6(5):909-21.



Goals of This Tutorial

• Use two publically available bioinformatics 
tools - Metscape 1.0 (NCIBI) and Pathway 
Tools/Omics Viewer (SRI) to analyze the data 
and compare the results. 

http://portal.ncibi.org/gateway/metscape.html
Metscape 

http://biocyc.org/expression.html
Omics Viewer

http://portal.ncibi.org/gateway/metscape.html�
http://biocyc.org/expression.html�


Input Files
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1 Fold change
C01585 0.182683524
C00246 0.212247974
C08262 0.212247974
C00245 0.22313016
C00489 0.275270783
C02632 0.275270783
C00671 0.292292578
C00141 0.295230167
C00803 0.310366941
C02170 0.316636769
C01042 0.343008517
C00417 0.36421898
C00047 3.004166024

Metscape Omics Viewer
CID Fold Change
C01585 -1.7
C00246 -1.55
C08262 -1.55
C00245 -1.5
C00489 -1.29
C02632 -1.29
C00671 -1.23
C00141 -1.22
C00803 -1.17
C02170 -1.15
C01042 -1.07
C00417 -1.01
C00047 1.1

All materials from today’s demo will be available at the NCIBI portal
http://portal.ncibi.org/gateway/

http://portal.ncibi.org/gateway/�


Pathways Identified by Metscape

Found 25 unique pathways

Glycine, serine, alanine and threonine metabolism
Histidine metabolism
Lysine metabolism
Methionine and cysteine metabolism
Tyrosine metabolism
Urea cycle and metabolism of arginine, proline, glutamate, aspartate and asparagine
Butanoate metabolism
Fructose and mannose metabolism
Galactose metabolism
Glycolysis and Gluconeogenesis
Phytanic acid peroxisomal oxidation
TCA cycle
Bile acid biosynthesis
Glycerophospholipid metabolism
Leukotriene metabolism
Lipoate metabolism
Biopterin metabolism
Porphyrin metabolism
Valine, leucine and isoleucine degradation
Vitamin B3 (nicotinate and nicotinamide) metabolism
Vitamin B5 - CoA biosynthesis from pantothenate
Vitamin B9 (folate) metabolism
Vitamin H (biotin) metabolism
Purine metabolism
Pyrimidine metabolism

Amino Acid Metabolism

Carbohydrate metabolism

Lipid metabolism 

Metabolism of Cofactors and 
Vitamins 

Nucleotide Metabolism 
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Finding Significant Pathways
Ingenuity Pathway Analysis
(commercial tool) 

ConceptMetab
(NCIBI) 
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