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Plan 

• NUS Bioinformatics Programme

• Research
– Themes
– Collaborations
– Some Basic Bioinformatics Results in 2006

• Education
– Core courses
– Key principles emphasized in first course
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NUS Bioinformatics Programme
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Structure

SOC CBL

I2R-SOC Joint Lab
On Knowledge
Discovery

SOM

FOS

FOE

BIC

Comprising ~20 faculty members from 4 schools, 
anchored by SOC CBL, &
coordinated by Limsoon Wong
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People
• School of Computing • School of Medicine

– Robert HEWITT, Coral 
LAI, SK SETHI, Tin Wee 
TAN, Bor-Luen TANG, 
Allen YEOH

• Faculty of Engineering
– Dong Yup LEE, Hai LIN

• Faculty of Science
– Jinhua HAN, Yong 

KONG, Susan MOORE, 
Martti TAMMI, Louxin 
ZHANG

• Staff
– Mark DE SILVA, Kuan 

Siong LIMLimsoon WongHon Wai Leong

Ken Sung Anthony Tung Mong Li Lee

Wynne Hsu HweeTou Ng Kian Lee Tan
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Professional Activities in 2005/6

• Journal edited:

• Books/Proceedings edited:

• Involved in 20+ 
bioinformatics conf prog & 
org committees
– APBC05, APBC06, 

CSB05, CSB06, ECCB05, 
GIW05, GIW06, ISMB05, 
ISMB06, PSB06, …

• Published 100+ papers
– Bioinformatics, JCB, BMC, 

JBCB, Bioinformatics, 
Nature Methods, NAR, Mol 
Biol Cell, Hum Mol Genet, 
Metab Eng, …

• 20+ keynotes & invited talks 
in conferences

JBCB BioinformaticsDDT IJBRA

APBC’05

APBC’06

Information 
Processing & 
Living Systems

PRIB’06
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Conferences Hosted in 2006

• 5th Korea-Singapore 
Workshop on 
Bioinformatics and NLP
– Feb 2006 @ NUS SOC

• IMS Workshop on 
BioAlgorithmics
– July 2006 @ NUS IMS

• 3rd RECOMB Satellite 
Workshop on Regulatory 
Genomics
– July 2006 @ NUS SOC

• Forthcoming:
– LBM2007, AASBi2007, 

GIW2007, RECOMB2008



Intl Symp on Bioinformatics Education & Research, Yokohama, 17 Dec 2006 Copyright 2006 © Limsoon Wong

Honours

• Ken Sung
– 2006 Singapore National Science 

Award: Paired End diTag sequencing 
technology

– 2003 Japan Forum on IT Award: 
Space-efficient algo for full-text indices

• Limsoon Wong
– 2006 Singapore Youth Award Medal of 

Commendation:  Sustained 
contributions to science & technology

– 2003 Far Eastern Economic Review 
Asian Innovation Gold Award: A simple 
test for childhood leukaemia
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Research
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Protein Function Prediction: 
A Central Problem in Computational Biology

• How significant is 
functional association 
between level-2 
neighbors? 

• How can they be exploited 
for protein function 
prediction? 

• How to integrate protein 
interaction info with other 
info to improve protein 
function prediction? 

⇒ Robust and powerful 
system to predict protein 
functions, even w/o 
sequence homology This project is supported in part by a A*STAR  AGS scholarship, 

and the I2R-SOC Joint Lab on Knowledge Discovery fromClinical Data

Our method
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Protein Interactions Reliability:
A Bottleneck in Proteomic Research

• Protein-protein interaction 
expts have ~50% errors

• True interactions seem to 
exhibit certain topologies 
and motifs that can be 
modeled 

• Develop computational 
methods to detect false 
positives

• Develop computational 
methods to detect false 
negatives

⇒ Robust and powerful 
system to identify protein-
protein interactions in 
noisy expts

This project is supported in part by   the I2R-SOC Joint Lab
on Knowledge Discovery from Clinical Data
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Precise Structure Comparison:
A Key Problem in Structural Bioinformatics

• MatAlign
– Detailed struct alignment 

thru alignment of 2D dist 
matrix & iterative 
refinements

– Provide better alignment 
scores than DALI & CE in 
majority of cases

– 4 times faster than DALI, 
and has about the same 
speed as CE 

⇒ Significantly speed up 
searching of protein 
sequences and structures 
w/o sacrificing accuracy
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Main Courses Developed

• CS2220 Introduction to 
Computational Biology

– Understand bioinformatics 
problems; interpretational skills

• CS3225 Combinatorial 
Methods in Bioinformatics

• CS4220 Knowledge 
Discovery Methods in 
Bioinformatics 

– Clustering; classification; 
association rules; SVM; HMM; 
Mining of seq, trees, & graphs

• CS5238 Advanced 
Combinatorial Methods in 
Bioinformatics 

– Seq alignment, whole-genome 
alignment, suffix tree, seq
indexing, motif finding, RNA sec 
struct prediction, phylogeny 
reconstruction

• CS6280 Computational 
Systems Biology

– Dynamics of biochemical and 
signaling networks; modeling, 
simulating, & analyzing them

• Etc …
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Things Taught in CS2220:
Our “Intro to Bioinformatics” Course

• Tastes of Bioinformatics Problems
– Multi-step nature
– Noisy biased data

• Core principles
– Guilt by Association
– Emerging Patterns
– Identifying and Exploiting “Invariants”

• Techniques
– Knowledge discovery methodology 
– Very basic knowledge discovery methods 
– Very basic combinatorial methods
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A running example based on protein 
function prediction …

• How do we attempt to assign a function to a new 
protein sequence?

SPSTNRKYPPLPVDKLEEEINRRMADDNKLFREEFNALPACPIQATCEAASKEENKEKNR
YVNILPYDHSRVHLTPVEGVPDSDYINASFINGYQEKNKFIAAQGPKEETVNDFWRMIWE
QNTATIVMVTNLKERKECKCAQYWPDQGCWTYGNVRVSVEDVTVLVDYTVRKFCIQQVGD
VTNRKPQRLITQFHFTSWPDFGVPFTPIGMLKFLKKVKACNPQYAGAIVVHCSAGVGRTG
TFVVIDAMLDMMHSERKVDVYGFVSRIRAQRCQMVQTDMQYVFIYQALLEHYLYGDTELE
VT
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Guilt by Association

(General Idea & Many 
Manifestations)

• Compare the target 
sequence T with 
sequences S1, …, Sn of 
known function in a db

• Determine which ones 
amongst S1, …, Sn are the 
likely homologs of T

• Then assign to T the same 
function as these 
homologs

• Finally, confirm with 
suitable wet experiments
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Guilt by Association
of Sequence Similarity
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Guilt by Association of Seq Similarity
Compare T with seqs of 
known function in a db

Assign to T same 
function as homologs

Confirm with suitable 
wet experiments

Discard this function
as a candidate
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What if there is no useful homolog?
Guilt by other types of association!

• Similarity of dissimilarities (e.g., SVM-PAIRWISE)
• Similarity of phylogenetic profiles
• Similarity of subcellular co-localization & other 

physico-chemico properties (e.g., PROTFUN)
• Similarity of gene expression profiles
• Similarity of protein-protein interaction partners
• …
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Guilt by Association 
of Similarity of Dissimilarities

Image credit: www.comstock.com
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Similarity of Dissimilarities

…………

..Color = orange vs yellow
Skin = rough vs smooth
Size = small vs small
Shape = round vs oblong

Color = orange vs orange
Skin = rough vs rough
Size = small vs small
Shape = round vs round

orange2

…Color = red vs yellow
Skin = smooth vs smooth
Size = small vs small
Shape = round vs oblong

Color = red vs orange
Skin  = smooth vs rough
Size = small vs small
Shape = round vs round

apple2

…Color = red vs yellow
Skin = smooth vs smooth
Size = small vs small
Shape = round vs oblong

Color = red vs orange
Skin  = smooth vs rough
Size = small vs small
Shape = round vs round

apple1

…banana1orange1
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SVM-Pairwise Framework

Training 
Data

S1

S2

S3

…

Testing 
Data

T1

T2

T3

…

Training Features

S1 S2 S3 …

S1 f11 f12 f13  …

S2 f21 f22 f23 …

S3 f31 f32  f33 …

… … … … …

Feature 
Generation

Trained SVM Model
(Feature Weights)

Training

Testing Features

S1 S2 S3 …

T1 f11 f12 f13  …

T2 f21 f22 f23 …

T3 f31 f32  f33 …

… … … … …

Feature 
Generation

Support Vectors 
Machine

(Radial Basis 
Function Kernel)

Classification

Discriminant
Scores 

RBF 
Kernel

f31 is the local 
alignment score 
between S3 and S1

f31 is the local 
alignment score 
between T3 and S1

Image credit: Kenny Chua
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Guilt by Association 
of Genome Phylogenetic Profiles

Image credit: Ed Marcotte, http://apropos.icmb.utexas.edu/plex/tour/isoprenoid.jpg
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Phylogenetic Profiling
Pellegrini et al., PNAS, 96:4285--4288, 1999

• Gene (and hence proteins) with identical patterns 
of occurrence across phyla tend to function 
together

⇒ Even if no homolog with known function is 
available, it is still possible to infer function of a 
protein
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Phylogenetic 
Profiling:

How It Works
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Twists in the Tale 
of Guilt by Association

of Seq Similarity

(Noisy & Biased Data)

Image credit: Shanti Christensen, 
http:// static.flickr.com/46/148437681_7f2dfa977e_m.jpg
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Guilt by Association of Seq Similarity
Compare T with seqs of 
known function in a db

Assign to T same 
function as homologs

Confirm with suitable 
wet experiments

Discard this function
as a candidate
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Homologs by BLAST

• Thus our example sequence could be a protein 
tyrosine phosphatase α (PTPα)
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Seq Similarity: Caveats

• Ensure that the effect of database size and other 
biases has been accounted for

• Ensure that the function of the homology is not 
derived via invalid “transitive assignment’’

• Ensure that the target sequence has all the key 
features associated with the function, e.g., active 
site and/or domain
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Law of Large Numbers

• Suppose you are in a room 
with 365 other people

• Q: What is the prob that a 
specific person in the 
room  has the same 
birthday as you?

• A: 1/365 = 0.3%

• Q: What is the prob that 
there is a person in the 
room having the same 
birthday as you?

• A: 1 – (364/365)365 = 63% 

• Q: What is the prob that 
there are two persons in 
the room having the same 
birthday?

• A: 100%
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Interpretation of P-value

• Seq. comparison progs, 
e.g. BLAST, often 
associate a P-value to 
each hit

• P-value is interpreted as 
prob that a random seq
has an equally good 
alignment

• Suppose the P-value of an 
alignment is 10-6

• If database has 107 seqs, 
then you expect 107 * 10-6 = 
10 seqs in it that give an 
equally good alignment

⇒ Need to correct for 
database size if your seq
comparison prog does not 
do that!
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Lightning Does Strike Twice!

• Roy Sullivan, a former park ranger from Virgina, 
was struck by lightning 7 times
– 1942 (lost big-toe nail)
– 1969 (lost eyebrows)
– 1970 (left shoulder seared)
– 1972 (hair set on fire)
– 1973 (hair set on fire & legs seared)
– 1976 (ankle injured)
– 1977 (chest & stomach burned)

• September 1983, he committed suicide
Cartoon: Ron Hipschman

Data: David Hand
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Effect of Seq Compositional Bias

• One fourth of all residues in protein seqs occur in 
regions with biased amino acid composition

• Alignments of two such regions achieves high 
score purely due to segment composition

⇒While it is worth noting that two proteins contain 
similar low complexity regions, they are best 
excluded when constructing alignments 

• E.g., by default, BLAST employs the SEG algo to 
filter low complexity regions from proteins before 
executing a search

Source: NCBI
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Seq Similarity: Caveats

• Ensure that the effect of database size and other 
biases has been accounted for

• Ensure that the function of the homology is not 
derived via invalid “transitive assignment’’

• Ensure that the target sequence has all the key 
features associated with the function, e.g., active 
site and/or domain
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Emerging Pattern

• Most IMPDHs have 2 IMPDH and 2 CBS domains 
• Some IMPDH (E70218) lacks CBS domains
⇒ Alignment must preserve IMPDH domain to infer 

IMPDH

IMPDH Misnomer in Methanococcus jannaschii

IMPDH Misnomers in Archaeoglobus fulgidus

IMPDH Misnomer in Methanococcus jannaschii

IMPDH Misnomers in Archaeoglobus fulgidus

Typical IMPDH Functional IMPDH w/o CBS
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Effect of New Approach to CS2220

• 2006 was first year of implementation

• 9 students took the module
– 2 clear As
– 2 clear C/Ds
– 5 clear Bs

• ~50% success rate in attracting students to do 
more bioinformatics?
– 2 A students and 2 B students subsequently 

chose bioinformatics for individual research proj
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Any Question?


