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Integrating Tools and Data

• Integration occurs at several levels
– User interface – making it easier for users to 

explore and gather information as they process 
data and form hypotheses

– Data integration – identifying and developing 
methods to integrate different data types and 
sources.



National Center for Integrative Biomedical Informatics:          ISMB Technology Track 7/1/2009

Levels of Integration

• Pencil and paper
• Copy, paste
• URL passing IDs, single authentication
• History of searches, persistence, memory
• Stored private datasets, workspace

• Federated with common linkage of data 
• GeneID, ProteinID (Uniprot), PMID, ConceptID, 
MoleculeID

Poster #3: Alla Karnovsky (Metabolomics)

User Interface:

Core Databases:
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Understanding the User’s Needs

• What do they 
expect?

• Where do they 
want to go?

• NCIBI is focused 
on usability and 
usefulness of tool 
development.

Talk in S24 by Barb Mirel  (Usability)
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How Users use our Tools

CONCEPT BROWSING
• Starting with a concept, disease term or other keyword

– Refined literature search (MiSearch) 
– Gene-Disease interactions 

• GIN
• Gene2Mesh
• Metab2Mesh

DIRECTED EXPANSION / VALIDATION
• Starting with a list of genes 

– Sources
• Expt data (GWAS, Expression Profile, Favorite Genes)

– Expand set by looking for
• Protein-protein interactions (MiMI, Cytoscape Plug-in)
• Metabolites (MetScape <- reference poster)
• Geneset enrichment by

– ConceptGen
• Pathway matching (SAGA / TALE)
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Today’s Presentation

• Use a biological case-study to demonstrate the utility and 
integration of tools developed by NCIBI.

• Featured tools:  
– Gene2Mesh (Gene / Mesh Term matrix)
– MiMI (Michigan Molecular Interactions)

• MiMIWeb
• MiMI Plugin for Cytoscape (API and visualization for the MiMI Data and 

linkage to other Cytoscape Plugin tools)
– Metab2Mesh
– MetScape (Cytoscape Plug-in)
– SAGA / TALE (subgraph approximate matching tools for network 

similarity)
– BioNLP (parsed and gene-tagged version of PubMed and PMCOA)
– GIN (NLP literature summarization and centroiding)
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http://portal.ncibi.org/gateway/virtual-workshop.html
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Concept / Keyword Start

• Starting with a Keyword, Disease term. 
Explore and visualize the Gene space to 
generate hypotheses
– Gene2Mesh (Gene/MeSH matrix)
– MiMI  (Protein-Protein interactions)
– GIN 
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http://gene2mesh.ncibi.org
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Gene2MeSH
• Gene2MeSH is an automated annotation tool that associates 

Medical Subject Heading (MeSH) terms with genes using the 
National Library of Medicine's PubMed literature database. 

• The significance of association between genes and MeSH terms is 
evaluated using Fisher’s exact test and displayed in an interface in 
order of significance score. 

• Users may search by gene name or MeSH term and view or 
download results via the web interface. Gene2MeSH also provides 
relevant links to protein interactions in MiMI as well as reference 
links to Entrez, the MeSH browser, and PubMed. 

• Website:  http://gene2mesh.ncibi.org

• Programmatic Interface for direct query access (XML return):  
– http://gene2mesh.ncibi.org/about.html#programmatic

http://gene2mesh.ncibi.org/�
http://gene2mesh.ncibi.org/about.html�
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http://gene2mesh.ncibi.org
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http://mimi.ncibi.org
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http://mimi.ncibi.org
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http://mimi.ncibi.org
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Gin.ncibi.org
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Gene List Start

• Starting with a list of genes,  Launch 
Cytoscape Plug-in for MiMI database and view 
protein protein interactions.
– SAGA  Approximate subgraph matching tool for 

pathway identification
– BioNLP  direct access to sentences in literature to 

support interactions
• Also other Cytoscape modules

– Bingo, Dynamic Expression Module, MCode, others.
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www.cytoscape.org http://mimiplugin.ncibi.org/
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http://saga.ncibi.org
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Additional Cytoscape Modules

• MetScape (beta release 0.8) mapping metabolites to 
proteins (Poster # 3, Alla Karnovsky)
– http://metabplugin.ncibi.org/index.html

• Bingo (GO term overrepresentation/enrichment)
– Maere S, Heymans K, Kuiper M. Bioinformatics. 2005 Aug 15;21(16):3448-9

• MCode (highly connected regions of a graph)
– Bader GD, Hogue CW. BMC Bioinformatics. 2003 Jan 13;4(1):2.

• DynamicExpression (timecourse color / size)
– Iliana Avila-Campillo, Galitski Group, Institute for Systems Biology.

• Many others ….

http://metabplugin.ncibi.org/index.html�
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ConceptGen
• ConceptGen is a web-based application that performs gene set enrichment 
testing and concept mapping, and offers private accounts and several 
visualization methods. 

• The significance of association between uploaded gene sets and concepts, 
and among all pre-loaded concepts is assessed using a modified Fisher’s Exact 
test.

• Concept mapping in a graph network allows users to explore networks of 
relationships among previously defined biological concepts.

•Several types of biological knowledge are represented in ConceptGen in 
addition to Gene Ontology (GO), including  pathways (KEGG, Biocarta, and 
Panther), protein families, chromosomal locations, protein interactions, MeSH 
terms (concepts defined using Gene2MeSH), targets of transcription factors, 
drugs, and miRNAs, differential gene expression profiles, metabolic-centered 
gene sets, and human diseases.

• Gene expression profiles are analyzed using a custom-built pipeline that 
downloads raw Affymetrix .CEL files from Gene Expression Omnibus (GEO), 
assesses quality, normalizes data with RMA, and tests for differential 
expression with an empirical Bayesian method.

http://conceptgen.ncibi.org

http://conceptgen.ncibi.org/�
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ConceptGen

Select enriched 
concepts by 
concept type
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Conceptgen.ncibi.org
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NetBrowser
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Metscape through MiMI

• Currently using Beta site: 
http://mimi.ncibi.org/MimiWebBeta/upload-
page.jsp

• Use molecule ID to search for now – upgrade 
coming.  Sarcosine=C00213 

http://mimi.ncibi.org/MimiWebBeta/upload-page.jsp�
http://mimi.ncibi.org/MimiWebBeta/upload-page.jsp�
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Metab2mesh.ncibi.org
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http://misearch.ncibi.org
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Gene2Mesh API

http://gene2mesh.ncibi.org/about
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NLP Pubmed Programmatic Interface

• http://nlp.ncibi.org/about.html
• Example: 

– http://nlp.ncibi.org/fetch.php?pmid=17523140&tag
ger=nametagger&type=gene

http://nlp.ncibi.org/about.html�
http://nlp.ncibi.org/fetch.php?pmid=17523140&tagger=nametagger&type=gene�
http://nlp.ncibi.org/fetch.php?pmid=17523140&tagger=nametagger&type=gene�
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