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Integration story

• Many individual tools and data resources from 
previous years
– Progress continued this year

• Improvements to previously reported resources
• Brand new resources

• Putting these together for seamless use
– Our own NCIBI resources
– Other NCBC resources
– Other national resources
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Individual tools and data resources

• Improvements to previously reported 
resources
– Natural Language Processing Pipeline (NLP)

– MiMI

– GIN

• New resources
– ConceptGen

– ConSig-Score



Fourth Annual National Center for Integrative Biomedical Informatics Meeting 2009

NLP Progress

• Structured queriable information extracted 
from all abstracts in PubMed and full text in 
PMCOA.

• Foundational resource for many downstream 
tools. 

• Started work on a public API for access to this 
resource.  Expected to be ready later this year. 
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PubMed09

• Document Count: 18,075,637 (12 months of 2008) ->  
18,334,510 (4 months of 2009)

• Number of Tables: 66 -> 72

• Contains word-level NLP data including part-of-speech, stem, 
and lemma

• Parsed with a more accurate parser using geneR2 symbols
• Includes SciMiner gene and metabolite tags
• Uses a full MeSH representation including supplemental 

concepts andmapped ICD9 codes
• Maps between Substances and KEGG IDs 
• Includes GIN-IE derived protein interactions and interaction 

words
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GIN

• GIN has been divided into two modules:
– GIN-IE for Information Extraction

– GIN-NA for Network Analysis

• The GIN-IE processing pipeline has been 
improved and added to the PubMed 
processing pipeline and extracted interactions 
and interaction types are being added to the 
PubMed database. 
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GIN-IE: 
Interaction Extraction from the Literature
• Dependency Tree Rules: Predicate-argument structures, 

non-local dependencies among the entities in the sentences.
 Determine:

 Type of relationship:           
e.g. “inhibition”

 Directionality: “Duplin->Tcf-4”  

 High precision (94%) at the 
expense of recall (18%)

 Can handle negation and 
speculation:
 The lack of cooperative interaction

between E5 and the epidermal 
growth factor receptor...

 Like RAD9, RAD9B associates with 
HUS1, suggesting that it is a RAD9 
paralog (Speculative)

“These results demonstrate that Duplin 
inhibits not only Tcf-4 but also 
STAT3.”
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RSS Feed: Daily Processing of Pubmed 
Updates
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PubOnto: Open Biomedical Ontologies-
Based Medline Exploration
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PubAnatomy: Integrated Data and Literature 
Exploration for Neurobiology
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MiMI (Michigan Molecular 
Interactions)

• Started out with integration of public molecular 
interaction databases.

• Added gene level data
• Added pathway information from KEGG and 

Reactome
• Added metabolic reactions
• Created a vertically integrated data resource that 

goes across levels.
• Can be accessed programmatically, via the web, or 

from Cytoscape.
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MimiWeb

• A new version of MimiWeb was released, changes 
include:
– Usability updates from User Studies

– Reactome Pathway mapping

– Metabolomic data including:
• Compounds

• Reactions

– Integration with Application Data Sharing Service

• Links to new tool and service offerings from NCIBI 
(Metscape, GIN-IE, GIN-NA, and others)
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MimiWeb Gene Details Extensions

Added to Gene Details 

•Reactome Pathways

•Compounds

•Reactions
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MimiWeb Compound Details
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MimiWeb Reaction Details
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MiMI Cytoscape Plugin
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Node/Edge

Cytoscape MiMI 
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MiMI Cytoscape Plugin Features
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Current Status

• Beginning with Cytoscape version 2.5.1, the 
MiMI Plugin is bundled in the default 
installation and is installed using the 
Cytoscape plugin manger.

• In addition, since Aug 2008, there have been 
1017 downloads from  742 unique IP 
addresses.
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~100,000 Transcripts 

~2,800 Compounds

~1,000,000 Proteins
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Metscape

MiMI Metabolomics
web interface 

Bioinformatics Framework for the Analysis and
Interpretation of Metabolomic Data

http://mimi.ncibi.org/MimiWebBeta/upload-page-metab.jsp
http://www.cytoscape.org/ (A beta version of Metscape can be downloaded via 
Cytoscape plug-in manager under Network and Attribute I/O category)

http://mimi.ncibi.org/MimiWebBeta/upload-page-metab.jsp�
http://mimi.ncibi.org/MimiWebBeta/upload-page-metab.jsp�
http://mimi.ncibi.org/MimiWebBeta/upload-page-metab.jsp�
http://mimi.ncibi.org/MimiWebBeta/upload-page-metab.jsp�
http://mimi.ncibi.org/MimiWebBeta/upload-page-metab.jsp�
http://www.cytoscape.org/�
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Extending MiMI-Web to Include Metabolites

KEGG (Kanehisa et al., 2008) and  EHMN (Ma et al., 2007) databases were used to trace the 
connections between metabolites and genes, and provide  the framework for data analysis 

http://www.genome.jp/kegg/�
http://www.ehmn.bioinformatics.ed.ac.uk/�
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Visualizing Metabolomic data in 
MetScape

Metscape is a  new plug-in for Cytoscape (http://www.cytoscape.org/ ) that allows users 
to explore and visualize the networks of metabolites, reactions and pathways

http://www.cytoscape.org/�
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Main compound 
number

Birds eye view of the 
whole compound network

Enzyme and Pathway 
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GIN-NA:
Gene Interaction Network Analysis

• A system for analyzing molecule interaction networks 
(Interactions retrieved from the MiMI database)
– Molecule-Specific Networks: 

• Network of interactions in the neighborhood of a molecule

– Disease-Specific Networks:
• Network of interactions “near” known disease genes 

• General network statistics: 
– Degree statistics (e.g. average degree) 

– Clustering (e.g. shortest path statistics)

• Ranking Molecules
– Centrality Measures and Second Neighbors 
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GIN-NA: Ranking Molecules
• Centrality: Importance of a node 

in the graph

– Degree: The more neighbors a 
node has, the more important it is. 

(most central node: x)

– Betweenness: The more shortest 
paths pass through the node, the 
more important it is. Control of a 
node over the information flow of 
the network. (most central node: y)

– Closeness: The closer a node to 
the other nodes, the more important 
it is. (most central node: y)

• Second Neighbors:
Rank based on the 
number of common 
immediate neighbors

y

x
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Univ. of Wisconsin

• Madison (Jignesh Patel)
– SAGA: Query biological graph database (e.g. 

KEGG) to retrieve approximate matches with 
given subgraphs of molecular interactions.

– TALE: Align graphs, e.g. of protein interactions 
across species.

• Milwaukee (Hong Yu)
– Natural Language Processing of full text from 

PubMed Central.
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ConceptGen

• What biologically related sets of genes are 
enriched with the differentially expressed 
genes from my microarray experiment?

• What pathways or biological processes were 
affected in my experiment? 

• Is there a significant relationship between
– disease A and any other biological condition? 
– The protein interactions of gene A and a drug or 

transcription factor target?
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Enrichment testing

In Gene Set Not In Gene Set

Changed A-1  (9) B  (200)

Not Changed C  (40) D  (9800)

Modified Fisher’s Exact Test
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Concept mapping
 A step beyond enrichment testing

 Gene sets = concepts

 Gene set database/ontology = concept type
 Molecular Concept 
◦ an aspect of biology represented by a molecular 

signature
◦ Diseases, pathways, mechanisms, drugs

 Test enrichment  AMONG all concepts

 Visualize results in a graphical network map 

 Can identify interesting relationships among concepts in 
diverse concept types (e.g. significant overlap between an 
miRNA target list and a KEGG disease pathway.)
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Concept Types
(# concepts)

Gene 
Ontology

KEGG
(195)

Biocarta
(245)

Panther
(86)

MeSH terms
(4028)

miRNA targets
(587) Transcription 

factor targets 
(119)

Gene Expression
(603)

Cytoband
(1178)

• biological process (1043)
• molecular function (660)
• cellular component (292)

pFAM
(770)

Protein 
Interactions 

(MiMI) (7050)

Drug targets
(256)

pathways

Metabolites
(960)

Derived 
from NCIBI 

tools
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ConceptGen Explorer Window
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Concept Signature (ConSig) Analysis –
moving beyond concept mapping

Applications include: 
• Nomination of potential phenotype or disease associated 
genes

• Filtering MiMI interactions by functional importance

• Identification of interacting hubs in a gene list

• Finding common hubs across expression signatures

• Comparing the functional similarity between different 
gene groups
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The ConSig–Score Algorithm
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Fusion Genes Share Functional Signature

ConSig Application in Cancer

Novel fusion genes predicted from ConSig analysis have been confirmed
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Other Tools

• MiSearch – personalized PubMed

• Gene2MeSH, Metab2MeSH – relate MeSH 
terms to genes/matabolites and back

• BioSearch2D – relate publications to biological 
concepts

• Markit – biomarker prediction using 
topologically constrained bayesian networks. 
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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

User Interface:

Core Databases:
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NCIBI Integration Needs

• Integration of toolset into single framework
– Tools need access to each others functionality
– Tool interface separation and isolation (e.g. to embed one 

tool GUI in the GUI of another)

• Unified identification (via web service)
– Use identification for user-tuned profiles
– Authentication/authorization

• Protected but shared resource repository
– Shared repository with user and web interface
– Input/output to/from tools
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NCIBI Data Challenges

• NCIBI has large amounts of data
– Protein, Gene, Interaction, Metabolites, Pathways, SNPs, 

Literature and more!

• Users need many separate entry points to get at the 
data through specialized tool offerings.

• Goal: Integrate services together to allow users to 
easily make use of NCIBI tools and data.
– Move data easily across specialized tools
– Locate information quickly
– Allow users to contrast and compare multiple views of 

data
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Biolets – Solving the user/data divide

• Pluggable architecture that allows new biological 
services to be added.

• Allows users to move their findings easily across 
tools.

• Enhanced search and filtering capabilities brings 
disparate data together allowing the user to focus 
and drill in on items of interest.

• Three plugins in the works, more on the way.
• Integrates with outside services (NCIBI Hive 

TagMapper service, GenePattern)
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Application Data Sharing Services

• Allows users to save data in one tool and easily use it 
in another.

• Users can choose their entry point into NCIBI 
services moving their findings to more specialized 
tools as needed.

• Pre-existing data sets can be uploaded and used as 
the starting point.

• Secure architecture means users can reliably and 
safely store and access their data.
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Application Data Sharing Services
1. Users chooses 
starting tool (here 

uses starts in 
Gene2Mesh).

2. After selecting 
data they move it 

to MiMI.

4. Finally the user saves 
all the interesting 

information they have 
found.

3. The user 
then moves the 

data to 
PubOnto.

5. Next time the user 
can start with the saved 

data and choose a 
different specialized 

tool for their 
investigations.
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Integration Architecture: Example

service layer

Scaffolding tools: 

Ontology exploration

Ontology selection

e-utilities other services

Web

MeSH

PubMed

Gene

…

Integration

FMA GO ENVO …

Citation MeSH  analysis Import/Export

User Search

FMA

GO

ENVO

…

Text mining
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Implementation
Principles:
 Agreement on data sharing approach
 Loose Coupling among apps
 Encapsulation of core function
 Interoperability: app pipeline
 Composability: built larger system
 Abstraction of underlying services
 Performance: minimize overhead
 Usability: simple service calls
 Flexibility: adaptive to various NCIBI data 

sharing requirements

Components:
 Database schema
 Syntactic/semantic interoperability 

among NCIBI web applications
 Centralized database repository
 Application-independent dataset 

operations
 Shared core dataset operating web 

services, e.g., read/write/operate
 Dataset sharing authorization and 

user authentication
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• Consideration, scenarios, limitations=>adaptations

• Incremental, data tracing, format variations, complex 
requirement

Data Integration Schema

InterApp_Data_1

 SETID

 V1

HISTORY

 SETID
 USERID
 SETTIME

 APP
 ACTION
 PARAMETERS
 MEMO

SET

 SETID

 SETNAME
 FIELDS(optional)
 MEMO
 Data_Table

InterApp_Set_Field

 SETID

 Colmun_ID
 Field_ID
 Field_Name
 Field_Version
 Field_Origin
 Field_Desc

InterApp_Field_Define

 Field_ID

 Field_Name
 Field_Version
 Field_Type
 Field_Source
 Field_Subtype_1
 Field_Subtype_2
 Field_Note

InterApp_Data_2

 SETID

 V1
 V2

InterApp_Data_N

 SETID

 V1
 ...
 VN

SHARE

 SETID

 GROUPTYPE
 GROUPID

USER

 USERID

 GROUPS
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Demo of Example Pipeline

Gene2Mesh⇒PubAnatomy ⇒ PubPath ⇒ PubIO ⇒ MiMi-Cytoscape
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IBIS – Integrated Searching And Filter 
across data sources

Search results 
across many 

different types 
of data

Filtering allows 
for deeper 

exploration of 
results

Integration with Data 
Sharing Services allows 

users to easily bring 
findings into other tools
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IBIS Demo
• Problem: Queries to the NCIBI Databases results in 

long and indigestible lists of  information. 
• IBIS - Integrated Search and Filter Service at NCIBI. 

Currently in development… 
– Search services across multiple data sources.
– Filtering of results based on search context.
– Allows for searching and filtering associations between 

data.
• Search across 4 different repositories: Gene DB, 

MiMI for interactions, Gene to Mesh mapping, and 
Tagging of PubMed Abstracts.

• Demo: search ‘Prostate Cancer’ and filter
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MiSearch 
(before authentication)
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Federated Login leveraging 
Shibboleth
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MiSearch
(after authentication)
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Integration with Others’ Tools

• GenePattern
– Have worked with them for many years

– Jill Mesirov keynote coming up

• Cytoscape
– Have been working with them

• I2B2/Hive
– Current effort is on-going
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HIVE - I2B2 Framework 

• https://www.i2b2.org/ (Informatics for Integrating 
Biology and the Bedside)

• HIVE = Framework
+ Workbench

• Community
Contributions

• Build on open-source
technologies

https://www.i2b2.org/�
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TagMapper Service for Hive

• TagMapper plugin for Hive integrates the NCIBI Biolet 
web services with I2B2 Hive.

• Pluggable nature of Hive and Biolet’s allows for easy 
integration of services.

• NCIBI TagMapper provides mapping services 
between ICD9 codes, MeSH terms and genes.

• Additional mapping services are planned.
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Diagnostic
Categories in I2B2

… in patient 
data…

… in Term
Navigator… … in other 

contexts…

Related
genes at plugin

TagMapper: Client and Demo

• User drag/drop from 
diagnostic category to 
plugin

• Plugin/Server converts 
ICD9 code to Mesh Terms 
and retrieves related 
Genes (additional gene 
information can be 
displayed)

• Adding support to 
navigate through gene 
information

• Adding support to view 
additional mappings

TagMapper plugin:
• integrated into Hive
• maps ICD9 to Genes
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Biositemaps
• Biositemaps are a collaborative venture between all NCBC 

centers. NCIBI has actively worked with NCBO and CCB to 
develop and deploy the following tools:

• The Biositemap Search and Browse tools provide a web 
interface for simple or complex queries against all resources 
defined in all published biositemaps across the internet.

• The Biositemaps Editor provides an authoring web interface to 
fill in the information about the resources on your site and 
generate a biositemap.rdf file.

• The BioPortal supports queries based on the Biomedical 
Resource Ontology (BRO).

• The iTools application and iTools services provide the functions 
of (i) authoring, (ii) locating and (iii) querying biositemaps.

• Additional information is available at 
http://www.biositemaps.org
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Biositemap Basic Search
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Biositemap Advanced Search
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Integrated Biositemap Browser
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