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Building Gene Networks by Information 
Extraction, Cleansing, & Integration
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Plan

• Motivation for study of gene network
• Example Efforts at I2R

– Disease Pathweaver
– Dragon ERG Solution

• Technical Challenges Involved
– Name entity recognition
– Co-reference resolution
– Protein interaction extraction

• Discussion on issues
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Motivation

Copyright 2006 © Limsoon Wong

4

Adapted w/ permission from Zhou Zhang, Suisheng Tang, & See-Kiong Ng

Some Useful Information Sources
• Disease-centric resources

– OMIM [NCBI OMIM, 2004]

– Gene2Disease [Perez-
Iratxeta et al., Nature, 2002]

– MedGene [Hu et al., J. 

Proteome Res., 2003]

• Emphasized direct gene-
disease relationships
– Provide lists of disease-

related genes
– Do not provide info on 

gene-gene interactions & 
their networks

• Related interaction 
resources
– KEGG [Kanehisa, NAR, 2000]

• Manually constructed 
protein interaction 
networks

• Mostly metabolic pathways 
and few disease pathways
– Only 7 disease pathways
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Monogenic Heterogenic

Why Gene Network?

• Many common diseases are 
– not caused by a genetic variation within a single 

gene 
• But are influenced by 

– complex interactions among multiple genes
– environmental & lifestyle factors

Adapted w/ permission from Zhuo Zhang, Suisheng Tang, & See-Kiong Ng
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Desired Outcome of 
Gene Network Study

• Help scientists understand the mechanism of 
complex diseases by
– Greatly reducing work load for primary study of 

genetic diseases, broaden the scope of molecular 
studies

– Easily identifying key players in the gene network, 
help in finding potential drug targets

• Scalability framework
– Extend to many genetic diseases
– Include other resources of gene interactions

Adapted w/ permission from Zhou Zhang, Suisheng Tang, & See-Kiong Ng
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Some Gene Network 
Study Efforts at I2R

Disease Pathweaver
Dragon ERG Solution
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Adapted w/ permission from Zhou Zhang, Suisheng Tang, & See-Kiong Ng

Disease Pathweaver, Zhang et al. APBC 2005

• Automatic constructing 
disease pathways 
– Identify core genes
– Mine info on core genes
– Construct interaction 

network betw core genes
• Data sources:

– Online literature
– High-thru’put biological 

data
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Disease Pathweaver:

The Portal
• Portal for human nervous diseases gene 

networks
– http://research.i2r.a-star.edu/NSDPath

• Statistics
– 37 Human Nervous System Disorders
– 7 ~ 60 core genes per disease
– 2 ~ 320 core interactions per disease

Adapted w/ permission from Zhou Zhang, Suisheng Tang, & See-Kiong Ng

Copyright © 2006 by Limsoon Wong. Adapted w/ permission from Zhuo Zhang, Suisheng Tang, & See-Kiong Ng

Disease Pathweaver:

A Tour
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Disease Pathweaver:

A Tour

Copyright © 2006 by Limsoon Wong. Adapted w/ permission from Zhuo Zhang, Suisheng Tang, & See-Kiong Ng

Disease Pathweaver:

A Tour
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Disease Pathweaver:

A Tour
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Disease Pathweaver:

DPW vs KEGG on Huntington Disease

Adapted w/ permission from Zhuo Zhang, Suisheng Tang, & See-Kiong Ng
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Adapted w/ permission from Suisheng Tang & Vlad Bajic

Estrogen-Responsive Genes
• Why

– Affects human physiology 
in many aspects

– Related to many diseases
– Widely used in clinic

• Challenges
– Multiple pathways
– Difficult to predict ERE
– Many estrogen-responsive 

genes but only a few are 
well-studied

– Difficult to keep up w/ 
speed of knowledge 
accumulation

• Needed
– Tools to predict ERE & 

estrogen-responsive genes
– Database of useful info
– Systems to predict impt 

regulatory units, associate 
gene functions, & generate 
global view of gene network

Copyright 2006 © Limsoon Wong
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Dragon ERG Solution

ERE dependent 

E2 dependent

ERs bind to other TFs

Membrane receptors

E2 independent

ERE independent
Coming 

soon!

ERE Finder 
ERG Finder ERGDB

ERG Explorer

Adapted w/ permission from Suisheng Tang & Vlad Bajic

text mining here!
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http://sdmc.i2r.a-star.edu.sg/ERE-V2/index

Predict functional ERE in genomic DNA
One prediction in 13.3k bp
Allow further analysis

Dragon ERG Solution:

Dragon ERE Finder, 
Bajic et al, NAR, 2003

Copyright © 2006 by Limsoon Wong. Adapted w/ permission from Suisheng Tang & Vlad Bajic

Only for human genome
Using 117 bp ERE frame
Evaluated by PubMed & microarray data

Dragon ERG Solution:

Dragon Estrogen-Responsive Gene 
Finder, Tang et al, NAR, 2004a

Copyright © 2006 by Limsoon Wong. Adapted w/ permission from Suisheng Tang & Vlad Bajic

http://sdmc.i2r.a-star.edu.sg/DRAGON/ERGP1_0
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Contains >1000 genes
Manually curated
Basic gene info
Experimental evidence
Full set of references
ERE sites annotated

Dragon ERG Solution:

Dragon Estrogen-Responsive Genes 
Database, Tang et al, NAR, 2004b

Copyright © 2006 by Limsoon Wong. Adapted w/ permission from Suisheng Tang & Vlad Bajic

http://sdmc.i2r.a-star.edu.sg/promoter/Ergdb-v11

Copyright © 2006 by Limsoon Wong. Adapted w/ permission from Suisheng Tang & Vlad Bajic

Dragon ERG Solution:

DEERGF
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Dragon ERG Solution:

Case-Specific TF relation 
networks, Pan et al, NAR, 2004

• Analyse abstracts
• Stemming, POS tagging
• Use ANNs, SVM, 

discriminant analysis
• Simplified rules for 

sentence analysis
• Constraints on the forms 

of sentences
• Sensitivity ~75%
• Precision ~82%

• Produce reports & direct 
links to PubMed docs, & 
graphical presentations of 
entity links

Adapted w/ permission from Vlad Bajic

Technical 
Challenges

Named entity 
recognition
Co-reference 
resolution

Data cleansing
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Bio Entity Name Recognition, 
Zhou et al., BioCreAtIvE, 2004

Adapted w/ permission from Jian Su
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Bio Entity Name Recognition:

Ensemble Classification Approach
• Features considered

– orthographic, POS, 
morphologic, surface word, 
trigger words (TW1: receptor, enhancer, 
etc. TW2: activation, stimulation, etc.) 

• SVM
– Context of 7 words
– Each word gives 5 features, 

plus its position
• HMMs

– 3 features used (orthographic, 
POS, surface word)

– HMM1 & HMM2 use POS 
taggers trained on diff corpora

HMM1
balanced precision

& recall

HMM2
low precision
& high recall

SVM
high precision
& low recall

Majority
Voting
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Bio Entity Name Recognition:

Performance at BioCreAtIvE 2004

Adapted w/ permission from Zhou et al., BioCreAtIve 2004
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Co-Reference Resolution, 
Yang et al., IJCNLP, 2004

Adapted w/ permission from Yang et al., IJCNLP 2004



14

Copyright 2006 © Limsoon Wong

27

Co-Reference Resolution:

Baseline Features Used

Adapted w/ permission from Yang et al., IJCNLP 2004
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Co-Reference Resolution:

New Features Used & Performance 

Adapted w/ permission from Yang et al., IJCNLP 2004

Base 
Classifier:

C5.0
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• The max entropy model:

• where
– o is the outcome
– h is the feature vector
– Z(h) is normalization 

function
– fj are feature functions
– αj are feature weights

Protein Interaction Extraction, 
Xiao et al, IJCNLP 2004

Adapted w/ permission from Xiao et al., IJCNLP 2004
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Protein Interaction Extraction:

Features Used

Adapted w/ permission from Xiao et al.
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Protein Interaction Extraction:

Performance on IEPA Corpus

Adapted w/ permission from Xiao et al.

IEPA = Interaction Extraction Performance Assessment 

Some Interesting Issues in Constructing 
Gene/Protein Networks
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Issues 

• Sound:
– Is the contents of our databases correct?

• Complete:
– Is the structure of our databases expressive 

enough to capture critical information explicitly? 
• Understandable:

– Is our databases or search results 
understandable?

• Other issues relating to NLP/IE

Soundness:
Is the content of our 
databases correct?
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Adapted w/ permission from Judice Koh, Mong Li Lee, & Vladimir Brusic

Sources of Errors, Koh et al, DBiDB, 2005

• 11 types & 28 subtypes of 
data artifacts
– Critical artifacts (vector 

contaminated 
sequences, duplicates, 
sequence structure 
violations) 

– Non-critical artifacts 
(misspellings, synonyms)

• > 20,000 seq records in 
public contain artifacts

• Identification of these 
artifacts are impt for 
accurate knowledge 
discovery

• Sources of artifacts
– Diverse sources of data

• Repeated submissions of seqs to db’s
• Cross-updating of db’s

– Data Annotation
• Db’s have diff ways for data 

annotation
• Data entry errors can be introduced
• Different interpretations

– Lack of standardized 
nomenclature

• Variations in naming
• Synonyms, homonyms, & abbrevn

– Inadequacy of data quality 
control mechanisms

• Systematic approaches to data 
cleaning are lacking

Copyright 2006 © Limsoon Wong
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Classification 
of Errors

Adapted w/permision from Judice Koh, Mong Li Lee, & Vladimir Brusic
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Completeness:
Is the structure of our 

databases expressive enough 
to capture critical information 

explicitly?
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Expressive Power

• Take a key paper such as the Kohn paper that 
summarises current knowledge on p53 
regulation. 

• Is there a structured database that is able to 
capture all info in that paper explicitly?

• Is there a semi-structured database that is able to 
capture all info in that paper explicitly?

• How well does this (semi-) structured database 
generalize to other similar type of papers? 
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Understandability:
Is our databases or 

search results 
understandable? 

Copyright 2006 © Limsoon Wong
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Self-Organization

• Take a search on p53. You will get >300k hits or 
some number like that on MEDLINE

• It is not feasible for anyone to go thru all of that 
to find what he wants! And this problem is growing bigger as 
MEDLINE doubles every 1-2 year.

• Need to organize the database and/or the search 
results into hierarchy or “semantic” net to make 
it easier for users to understand or to browse the 
results

• How do we define this hierarchy/net? 
• Can this hierarchy/net be self-organized?
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Problems relating to NLP/IE
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Handling full-length papers

• Source document structure parsing
• Hyper-linked file tracking
• Figure and table processing
• Special symbol handling
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Information retrieval

• Document and sentence retrieval
• Relevant interaction filtering
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Bio name recognition

• Nomenclature loosely followed
• Frequent use of conjunction and disjunction in 

bio names with multiple bio-entity names sharing 
one head noun

• Long descriptive names
• Names of genes and proteins used 

interchangeably
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• Inherent complexity of biological interactions

⇒ Sentences describing them also tend to be 
complicated

Bio-interaction extraction

Copyright 2006 © Limsoon Wong

46

Bio-interaction extraction

• Domain knowledge is often needed for interaction 
template filling
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Extraction of other relevant info

• Contextual information
– Species, cell type, cellular localisation, etc

• Negative information

• Speculative & incomplete facts

Copyright 2006 © Limsoon Wong
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Information integration

• Bio-name mapping

• Bio-interaction mapping
– how do you know two complex sentences are 

talking about the same interaction?
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Resource for training & benchmarking

• Is there such a good resource, especially for the 
more complex tasks?
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I2R

Communications & DevicesServices & Applications Media

Media 
Processing

Human Centric
Media

Media 
Semantics

Infocomm 
Security

Context-Aware 
Systems

Knowledge 
Discovery

Radio Systems Networking LightwaveEmbedded 
Systems

Digital Wireless
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