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Introduction

Bridging:

Bio-/Medical Sciences _Bioinformatics:

More and more crucial

in life sciences and

biomedical

applications for

analysis and new
-High Impacts discoveries

Informatics (e.g. CS)

-Desire for Applications
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I. Introduction to Bioinformatics

3 Research Areas
3 Blological Basics
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Bioinformatics Research Areas

«sMany (crossing) areas:

R (Genome-scale) Sequence Analysis

R Sequence alignments, motif discovery, genome-wide
assoclation (to study diseases such as cancers)

R Computational Evolutionary Biology
R Phylogenetics, evolution modeling
R Analysis of Gene Regulation

R Gene expression analysis, alternative splicing, protein-DNA
Interactions, gene regulatory networks

R Structural Biology

&R Drug discovery, protein folding, protein-protein interactions
R Synthetic Biology
R Applications on High throughput Sequencing Data (NGS)
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Our Bioinformatics Group
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Our Research Roadmap

Real-life Projects

Drug
Discovery

Docking /
Ligand
Growing

Searching /
Optimization

Kernel
Methods

Approximate
Matching

Phylogeny

Data Mining

GPU / Parallel
Computing

—> Related Bioinformatics Problems

Al

SNP Analysi
nalysis spl

(HBV)

Sequence
Alignment

ternative
icing (with
NGS)

SNPs
Association
Study

Statistical

Analysis

Non-linear
Integral

Markov Chain
Monte Carlo
(MCMCQ)

Finite Markov
Chains and
HMMs

Protein-DNA
Interactions with
Next Gen
Sequencing (NGS)

Genomic
Analysis

Strings
Algorithm

Expectation
Maximization

Database
Techniques

9

Computer Techniques

Gene

Networks
(with NGS)

Motif

Discovery

Modeling

Suffix Trees
Suffix Array
BWT Index

Protein-Protein
Interactions

Network
Analysis

Differential
Equations

Feature Selection
(Mutual
Information)

Evolutionary
Computation
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Genome-wide Association

Human DNA sequences

SNPs (single nucleotide
polymorphism; >5%
variations)

b (O

Disease!

SNPs that are associated
with genetic diseases; Diagnosis and
healthcare for high-risk patent

Feature selection;
mutual information; non-linear
integrals; Support Vector Machine
(SVM);
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HBYV Project (Example)

HBV sequences Feature Selection

: = : Hepatitis B 1
| 2 L I (Hep B)
>Normal | Non-linear Integral
(Problem Modeling)
| 0 L I Hep B = 1
I [] 1 | |
| 3 L I Cancer!
Optimization and
Classification

|

Explicit Diagnosis Rules
(if sites XX & YY are A & T, then ...)

SNPs are not known and to be
discovered by alignments

KS Leung, KH Lee, (JF Wang), (Eddie YT Ng), Henry LY Chan, Stephen KW Tsui, Tony SK Mok, Chi-Hang Tse, .
Joseph JY Sung, “Data Mining on DNA Sequences of Hepatitis B Virus”. IEEE/ACM Transactions on Computational Results N lo pa‘tents
Biology and Bioinformatics. 2011
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Biological Basics

A string of amino acids
={A,R,N,D,C,E...}
|2 |=20

Chromosome

Lzl

Other functions:
Protein-protein
Protein-ligand

> RNA > Protein

Transcription Translation

BBa,se Pairs
A-T ‘a

C-G

0
bl halicg |
DN douibla i)

DNA (// k

Sequence 80 Lo

,—>5’ .. .AGACTGCGGA. .. .AGACTGCGGA. ..
37.. .TCTGACGCCT. . 5 Astring with a|phabet
={A,C,G, T}

http://www.jeffdonofrio.net/DNA/DNA%20graphics/chromosome.gif 10
http://upload.wikimedia.org/wikipedia/commons/7/7a/Protein_conformation.jpg
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Transcriptional Regulation

@3 Binding for Transcriptional Regulation

&R Transcription Factor (TF): the protein as the key

R TF Binding Site (TFBS): the DNA segment as the key switch
R Transcription rate (gene expression): the production rate

Transcription @

Factor A
(Tf) - p Translation ‘

,- P Transcription

| » RNA

DNA | __Gene _______ N

Sequence - TATAA ATGCTGCAACTG... <€
TFBS The binding

domain (core)

of TF Detailed in II. protein-DNA interactions
11
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Protein-ligand Interactions

N N

Protein Computational

N

Simulation over

@3 Drug Discovery

wet lab

structures power

Protein-ligand

Other functions: Interactions

Protein-protein

Protein

Detailed in Ill. drug discovery
12
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I1. Protein-DNA Interactions

5 Introduction

o5 Approximate TF-TFBS rule discovery
5 Results and Analysis

35 Discussion

Tak-Ming Chan, Ka-Chun Wong, Kin-Hong Lee, Man-Hon Wong, Chi-Kong Lau, Stephen Kwok-Wing Tsui, Kwong-Sak Leung, Discovering
Approximate Associated Sequence Patterns for Protein-DNA Interactions. Bioinformatics, 2011, 27(4), pp. 471-478

13



THE CHINESE UNIVERSITY OF HONG KONG ## 1 Jr K 2

I d . 3D: limited, Sequences: widely
ntroauction _expensive available
e /_\ TE
Binding ¢Binding
BEaS TFBS

o3 We focus on TF-TFBS bindings which are primary protein-DNA interactions

o3 Discover TF-TFBS binding relationship to understand gene regulation

R Experimental data: 3D structures of TF-TFBS bindings are limited and
expensive (Protein Data Bank PDB); TF-TFBS binding sequences are
widely available (Transfac DB)

R Further bioengineering or biomedical applications to manipulate or
predict TFBS and/or TF (esp. cancer targets) given either side

«3 Existing Methods

R Motif discovery: either on protein (TF) or DNA (TFBS) side. No linkage
for direct TF-TFBS relationship

&R One-one binding codes: R-A, E-C, K-G, Y-T? No universal codes!

R Machine learning: training limitation (limited 3D data) and not trivial to
interpret or apply

14
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Consewation TF I\/’gotif T<H>TFBS I\;Iotif C ¢IBT:|Z@J

. : *Binding

3 TFBSs, Genes > merely A,C,G,Ts; jﬁs
@3 The binding domains of TFs - merely amino acids (AAS)

&R What distinguish them from the others? Conservation

&R Functional sequences are less likely to change through evolution

—> similar Patterns across genes/species-> Bioinformatics!

3 Association rule mining

R Exploit the overrepresented and conserved sequence patterns (motifs)
from large-scale protein-DNA interactions (TF-TFBS bindings) sequence
data

&R Promising initial results obtained with verifiable rules!
&R Biological mutations and experimental noises existl—Approximate rules

Leung, KS, (Wong, KC), (Chan, TM), Wong, MH, Lee, KH, Lau, CK, and Tsui, Stephen, "Discovering Protein-DNA Binding

Sequence Patterns Using Association Rule Mining," Nucleic Acids Research. 2010, 38(19), pp. 6324-6337. 15
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Motivations: overall

ogFinding motifs one-sided Is challenging and
difficult

R e.g. TFBS Motif Discovery: Noises, variations through mutations,
unknown locations—weak signals to be recovered

MMHMUIMBDBIRIRR \ Binding to

2 —Prediction —True TFBS

16
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Motivations: overall

@3 FiInding associated patterns on both sides Is

shown to be promising—when you have many diverse
binding sequences (e.g. TRANSFAC)
R Associated TF-TFBS patterns found from sequences

&® Grouping TRANSFAC data
R Developing a customized TF core motif discovery algorithm

< 7664 F=1¢t ;30 Zzoahlo - +log1fp—1)
TF a=1b
Associated patter . 408 AAs on average e
discovery TGaCa
| I
.NRIAA. . ...TGACA.../ | | X 26786 bound TFBSs,
— . ! 1225 consensuses (motifs)
i b
..NRAAA... ..TGACA... | , 239p on averagg
— I : :
|

...NREAA... ...TGTGA...

_ Tak-Ming Chan et al, Discovering approximate-associated sequence 17
patterns for protein-DNA interactions. Bioinformatics, 2011, 27(4)



http://bioinformatics.oxfordjournals.org/content/27/4/471.abstract
http://bioinformatics.oxfordjournals.org/content/27/4/471.abstract
http://bioinformatics.oxfordjournals.org/content/27/4/471.abstract
http://bioinformatics.oxfordjournals.org/content/27/4/471.abstract
http://bioinformatics.oxfordjournals.org/content/27/4/471.abstract
http://bioinformatics.oxfordjournals.org/content/27/4/471.abstract
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Motivations: overall

ogFInding associated patterns on both sides Is

shown to be promising—when you have many diverse
binding sequences (e.g. TRANSFAC)

R Associated TF-TFBS patterns found from sequences are verified
on 3D structures to be binding cores!

x 40222 binding pairs
» TF:N N\ from 1290 PDB protein-
Verified on 3D structures 282 DNA complexes

(binding cores <3.5A) ) 9D )5

.NRIAA... ... o \
.NRAAA... ... TGACA... TFESITRABA ﬁ(

_ T T T T ]
..NREAA... ... TGTGA...

] 18
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GOAL.: discovering

Pl’Oblem Deﬁnition approximate binding rules

TF Motif T TFBS Motif C
? <H> ?

«3 Input: given a set of TF-TFBS binding sequences (TF:
hundreds of AAs; TFBS: tens of bps depending on experiment resolution),
discover the associated patterns of width w (potential interaction
cores within binding distance)

o5 Output: Approximate associated TF-TFBS binding
sequence patterns (TF-TFBS rules)
—qgiven binding sequence data (Transfac) ONLY, predict short

TF-TFBS pairs verifiable in real 3D structures of protein-DNA
Interactions (PDB)!

19
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Overall Methodology

-

TRANSFAC Binding
Sequence Data

TF TF
R ¢Binding
TFBS TFBS
GOAL: discovering : TE
' approximate binding rules E *Binding
TFBS

'TF Motif T TFBS Motif C
b2 <HD> e — )
TF Motif T TFBS Motif C \ )
200 <HD> |
; : : *Binding

TF

P

TF Motif T TFBS Motif C |
D> e |

TFBS

TFBS motif C ready in TRANSFAC
e.0. M00041: TGACGTYA

Grouped TF data by different C
similarity thresholds (TY)
W, E

Approximate TF (Core)
Motif Discovery

Ruley Ruleg+1
T=NRIAA C=TGACGTYA @ T= C=
ey <D ) <D

Approximate TF-TFBS Rules

A progressive approach:

Use the available TFBS motifs C
from Transfac DB—already
approximate with ambiguity
code representation—TFBS
side done!

Group TF sequences
corresponding to different TFBS
consensus (motif) groups C with
similarity thresholds TY=0.0, 0.1, 0.3

Customized Algorithm

Associating T ({t;;}) with C

20
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@5 The customized algorithm
R Input: width W and (substitution) error E, TF Sequences S

& Find W-patterns (at least 1 hydrophilic amino acid) and their E
approximate matches

® Iteratively find the optimal match set {t; ;} based on the
Bayesian scoring function f for motif discovery:

p:|{t£’j}|/\5| is the abundance ratio

f=Ht 0D

a=1bel

~

log

P
I—p

1)

position weight matrix (PWM) O

Conserved

TF Side: Core TF Motif Discovery

Overrepresented

&k Top K=10 motifs are output, each with its instance set {t;;}

21
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Results and Analysis
Protein-DNA P-D Pairs

PDB Data mw’=2#*w-1 with close residues at the centers

O <> N
3 Verification FLERNRAAA  TAAATGACA
LERNEAAAS wm
R on Protein Data Bank :
(W <> NN
(PDB) KRMRNRIAA TCGATGACG

Most representative database of

..ﬁ!_‘ | = =
experimentacljly determined protein-DNA 7 Close <H>C TGACGTYA TF.
3D structure data )

(35R) EMTTINKIAAY) 1ins N RS
* expensive and time consuming ' {tih=

ENMNINRAAAN 4 ins v v
* most accurate evidence for verification NR'AA Sins v v

RTF=0-9

An approximate TF-TFBS rule
PP Rrp.rrps=0.9

(R Check the approximate TF-TFBS rules T({t; ;})-C

R Approximate appearance in binding pairs from PDB 3D structure
data : width W bounded by error E

& TF side (Rg): instance oriented—{t;;} evaluated R: verification ratio
&R TFBS side (Ryr.1eps): pattern oriented—C evaluated [0,1] higher the better

22
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Biological verification

(5~20bp),
& Predict W(=5,6) substrings ({t;;}) associated with

J
TF: NRIAA\- y )

Which\can be verified
in actual 3D TF-TFBS
binding structures as
well as homology
modeling (by bio
experts)!

TFBS: TGACA )) TFBS: TGACG \

PDB Verified examples in Rule NRIAA(NKIAA; NRAAA; NREAA; NRIAA)-TGACGTYA
23
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Results and Analysis

One more verified example

M TF:ERRRR M TF:ERRRR TF: ERKRR \~
A Y »_,_ B . ‘U,ﬁ
/T , 4 Do
LN/ X A -
As‘: CACGT TFBS: CACGT TFBS)CACGT
(a) 1AN2: ERKRR-CACGT (b) 1AN4: ERRRR-CACGT (c) 1AN4: ERRRR-CACGT (2nd (d) INLW: ERKRR-CACGT
match)

ﬁ } TF: ERQRR
.3
. o

p _—
TF: ERKRR TF: ERKRR

(e) INKP: ERKRR-CACGT (f) INKP: ERKRR-CACGT (2nd (g) INKP: ERQRR-CACGT (h) INKP: ERQRR-CACGT (2nd
match) match)
TFBS: CACGT TFBS: CACGT

TF: ERKRR TF: ERKRR

(1) IHLO: ERKRR-CACGT (5) IHLO: ERKRR-CACGT (2nd
match)

Figure 4. PDB verifications for rule M00217: ERKRR(ERKRR: ERQRR: ERRRR)-CACGTG for W =5, E=1. TY =0.1 using ProtenWorkshop.

M00217: ERKRR(ERKRR; ERORR; ERRRR)-CACGTG

24
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Results and Analysis

5 Quantitative Comparisons with Exact Rules

W=5E=0 W=5 E=0 W=5E=1
TY Exact rules [52] 0.0 0.1 0.3 0.0 0.1 0.3
R, TF TF-TFBS TF TF-TFBS| TF TF-TFBS TF TF-TFBS TF TF-TFBS TF TF-TFBS TF TF-TFBS
AVC R, 057 ﬂ 0.74 % 078 070 082 043 067 056 063 062 060 068
R, >0 99 127 165 147 636 567 235 231 201 287 2101 2072
Rule No. 173 173 172 172 211 211 774 774 346 346 396 396 2550 2550
R, >0Ratio (NUSSW QUES 0@y @E3y| 078 070 08 073 068 067 073 072 0.82 0.81
W=6E=0 W=6 E=0 W=6 E=1
TY Exact rules [52] 0.0 0.1 0.3 0.0 0.1 0.3
TF TF-TFBS TF TF-TFBS| TF TF-TFBS TF TF-TFBS TF TF-TFBS TF TF-TFBS TF TF-TFBS
AVC R, 018 0.13 071 058 | 076 065 081 067 053 054 063  0.60 0.70 0.63
R, >0 6 [N 108 88| 143 121 448 370 181 169 234 222 1665 1618
Rule No. 34 34 153 153 187 187 555 555 271 271 319 319 1920 1920
R, >0Ratio | 0.18  0.18 071 058 | 076 065 081 067 067 062 073 0.70 087  0.84

R More informative (verified) rules (76 VS 110 W=5; 6 VS 88 W=6)

R Improvement on exact ones (AVG R. 29%, 46% better with W=5)

25
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Results and Analysis

73%-262% improvement on AVG R.
33%-84% improvement on R.>0 Ratio
Customized TF core motif discovery is
necessary

5 Comparisons With MEME as TF side discovery tool

MEME Results W=5 E=0 W=5 FE=1
TY 0.0 0.1 0.3 0.0 0.1 0.3
R. TF TF-TFBS TF TF-TFBS TF TF-TFBS TF TF-TFBS TF TF-TFBS TF TF-TFBS
AVG R, 0.33 0.26 0.36 0.28 0.37 0.28 0.33 0.32 0.36 0.34 0.37 0.36
Ours better by 124% 144% 120% 146% 120% 160% 73% 74% T6% T9% 85% 91%
R, >0 143 123 179 151 1306 1071 143 142 179 175 1306 1262
Rule No. 298 2908 342 342 2118 2118 208 298 342 342 2118 2118
R, > 0 Ratio 0.48 041 0.52 0.44 0.62 0.51 0.48 0.48 0.52 0.51 0.62 0.60
Ours better by 54% 55% 49% 58% 33% 45% 42% 40% 40% 42% 33% 36%
MEME Results W=6,,E=0 W=6E=1
TY 0.0 0.1 0.3 0.0 0.1 0.3
B TF __TFE-TFBS __TF ___TF-TEBS__TF ___TF-TEBS TE __TFE-TEBS __TF ___TFE-TEFBS __TF ___TF-TEBS
AVG R, 0.29 0.22 0.31 0.23 0.29 0.18 0.29 0.27 0.31 0.29 0.29 0.26
Ours better by 142% 163% 145% 181% 178%  262% 97% 926% 102% 104% 142% 157%
R,>0 127 96 163 121 1194 839 127 120 163 154 1194 1127
Rule No. 289 289 334 334 2170 2170 289 289 334 334 2170 2170
R, > 0 Ratio 0.44 0.33 0.49 0.36 0.55 0.39 0.44 0.42 0.49 0.46 0.55 0.52
Ours better by 61% 73% 57% 79% 47% 72% 52% 50% 50% 51% 58% 62%

26
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Discussion

@5 For the first time we generalize the exact TF-TFBS
associated seguence patterns to approximate ones

@3 The discovered approximate TF-TFBS rules

R Competitive performance with respect to verification ratios (R,) on
both TF and TF-TFBS aspects

R Strong edge over exact rules and MEME results

R Demonstration of the flexibility of specific positions TF-TFBS
binding (further biological verification with NCBI independent protein records!)

27
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Further Results

@3We can go further with these promising
associated TF-TFBS patterns

&R Discovering and analyzing the binding variances (subtypes): e.g.
3 E variation is associated with T, G variations on TFBS

Subtypes may

* Lead to changed binding preferences

« Distinguish conserved from flexible binding residues
« Reveal novel binding mechanisms

...NRIAA... ...TGACA... : e

i — The result analysis positively supports all these!
...NRAAA... ...TGACA...

I Results more “biological”; check out the following if interested:

Tak-Ming Chan et al, Subtypes of Associated Protein-DNA (TF-TFBS)
Patterns, Nucleic Acids Research, 2012, 40 (19): 9392-9403. 28

...NREAA...
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«3 Frequent Sequence Class (FSC) Tree struc

(ICDE 2012)

Further Results

TF (simplified) TEBS
abbccdac TACGTG
ddbbcdac ACGTCA
dacadbd TACATC

&  bedach GAACGT

a: 1111

0.550.45
I( o 0.09)
0.090.36
0.360.09

055 0 2

0.180.55 L3 0. 0,
(0.09 5_36) L1 0. ‘4 :

018009 0.09 055

075 0 0
0 051
0 0.250

0.250.250

Bit vector to rfepresent occurrences
PWM to represent patterns

A simple biological database

res for efficiency

(1) Generating rule from the nodes

075 0 0 050750
0 0531 050250
/( 0 ﬂ,25ﬂ)=(ﬂ 0 1)
0.250250 0 00

(2) Bit-wise intersecting the bit vectors

1111
AND 1011
1011
(3) Forward confidence = 3/4 =0.75

Backward confidence =3/3=1

G:1111

0.60.1
0101
0304

o 0.4

C:1111 || T:111

0 075

/0.750.12 0.670.1 0.550.55

0.250.12 0 0.44 I 0.18 0.09 |

0 0.44 0.180.36
o o Alvo3z o 0.09 0

1 A:llil
1

C:1011

G:1101

050750 1025 0
0.50.250 o0 0
o 01 0075025
o 00 o0 0 075

Several orders of magnitude faster than Apriori (association rule mining) algorithm

Predicting Approximate Protein-DNA Binding Cores Using Association Rule Mining, In Proceedings of IEEE ICDE 2012, pp. 965-976

29
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Discussion

o3 Great and promising direction for further discovering protein-DNA
Interactions

«3 Future Work
&R Formal models for whole associated TF-TFBS rules
R Advanced Search algorithms for motifs
&R Associating multiple short TF-TFBS rules
&R Handling uncertainty such as widths

«3  Applications
R Generalization of TF-TFBS binding mechanisms
R Subtype and phylogeny analysis
R Genetic disease and regulation modification analysis

30
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II1. Drug Discovery

3sBackground

ogldock: Protein-ligand docking
ogistar: Novel web platform
ogigrow: De novo ligand design
oaiview: HTMLS visualizer
sCase study of influenza
3Case study of cancers

31
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Drug Discovery

osExpensive and long-term business
«3US$1.8B over 13 years to develop a new drug
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 Our Contributions & Proposal

Influenza A
CCRK-Related Cancers
ancer Stem Cells

IEIEIE

2.0
e,
0h

YOO
Jigrep

idock 3'0/ -

Il
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Our Progress

Projects / Case studies Progress
idock 1.0: Protein-Ligand Docking 100%
idock 1.6: Protein-Ligand Docking 100%
istar: Software-as-a-Service Platform 100%
idock 2.0: GPU Acceleration 5%
idock 3.0: Ligand Synthesis 30%
iview: HTML5 Visualizer 30%
Case Study of Influenza A 90%
Case Study of CCRK-Related Cancers WORK IN PROGRESS 90%

Case Study of Cancer Stem Cells 0%
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idock
Protein-Ligand Docking
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Replication Cycle of HIV/AIDS

Ligands as inhibitors
of viral proteins

Fusion / Entry Inhibitor Maturation

s ' e
Attachment & " \*\‘

-

everse
; Transcription

il Protease 2
: J— R . Inhibitors =\
' RT Inhibitors Sle— = 770 % S A
- ) ’ .,‘ oo e
R X o
b > \\

»

-—nr
f.,‘!

Assembly

Integration  \  jhtegrase
Inhibitors Translation
Transcription

" \

Thomas Lengauer, André Altmann, Alexander Thielen, and Rolf Kaiser. Chasing the aids virus. Communications of the
ACM, 53(3):66-74, 2010.
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Input and Output

«gTranslate and rotate the ligand
3 Predict binding affinity

e

protein i

idock |,

ligand

A
| |
energy energy
function minimization

R

© 00 N o o b~ w NP
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Energy Function

(Be =
(—0.035579) = Gau551(ti» tj,"‘ij) +\
(—0.005156) * Gauss,(t;, tj, 1) +
Yicj| (+0.840245) =  Repulsion(t; t;,7;;) +
(—0.035069) * Hydrophobic(t;, t;, 1;;) +
(—0.587439) * HBonding(ti, tj,Tij)
«kSum over all pairs of movable heavy atoms i and |
cr I; : interatomic distance, cutoff r; = 8 A

R t; : atom type of |
R {; : atom type of |

osConformation = (position, orientation, torsions)
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Energy Optimization Algorithm

«3Global optimization: Multithreaded Monte Carlo
osLocal optimization: BFGS Quasi-Newton method

E = +0.36 kcal/mol E = +0.22 kcal/mol E = 0.00 kcal/mol E = +0.10 kcal/mol

Mutate Mutate Mutate

position, & 4 position, position, . Ovef N
orientation, @ orlentatlo orlentatlon,, iterations
or gi;m - or a tors -

G;r:;(r)a"tsal{inom: l Better E: Accept Better E: Accept Accept or Reject?
use Metropolis to decide
exp(-E _/IRT)

caMultithreading via parallel tasks i o7 >z 2

N. Moitessier, P. Englebienne, D. Lee, J. Lawandi, and C. R. Corbeil. Towards the development of universal, fast and highly accurate
docking/scoring methods: a long way to go. British Journal of Pharmacology, 153(S1):S7-S26, 2008.



THE CHINESE UNIVERSITY OF HONG KONG # # 1 Jr K 2

Our Tool idock "

«3Based on AutoDock Vina (EZ:ﬁiiiéZi o :)
o= Z (+0.840245) «  Repulsion(t,, t;, ;) +
. i<j | (—=0.035069) = Hydrophobic(t; t;, ;) +

mS am e e n e rgy fu n Ctl O n (—0.587439) +  HBonding(t;,t;,7;;)

«RkSame optimization algorithm

@30ur contributions
{=Support for virtual screening
Qcanaster evaluation of scoring function
;;}coaThread pool for high CPU utilization
u@aAuto deactivation of inactive torsions
QcoaSupport for 25 chemical elements
ucoaSupport for gzip/bzip2 ligands

E = +0.36 koavmal E = +0.22 kealimol E=D00kcabimol  E = 40,10 koatbmol
Mutate Mutate Mutate
position, position, porition, Over N
i P 2.1 icntasi Jemtati iterstions.
el W .
Gonorasa inital
Better £ Acoapt Better E: Accept Accept of Reject?
e use Matropols to decide
£ RT

exp(-E RT)
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Program CPU  Elapsed CPFU  Elapsed CPU  Elapsed

1HCL human cyclin-dependent kinase 2
Vina 12.57 333 2255 591 5162 13.41

1idock speedup over Ving & == & & & oa %

1J1B human tan protemn kinase I

Vina 207 247 1469 3902 3228 840
idock 0.78 0.21 1.25 0.33 233 0.62
Ratio 11.55 1192 11.73 11.87  13.73 13.73
1LI4 human S-adenosylhomocysteine hydrolase
. Vina 11.82 330 19.08 522 3941 10.64
8 69X - idock 0.89 0.23 1.5 0.40 315 0.82
(% p ro e I n S ’ Ratio 1324 1414 1233 1295 1250 12.98
37 5 1X 1VOU human rhinovirus 2 coat protein VP1
! Vina 9.80 295 1555 462 2975 849

-
idock 097 0.25 1.64 0.42 342 0.39
I g an S Ratio 10.11 11.74 949 10.91 8.69 9.56

1IQH influenza A virus nucleoprotein NP
Vina 951 266 1503 408 2964 7.83

<3 molecular weight groups
Ratio 1035 11.18 943 993 8.69 893
IXSK Escherichia coli curli protein CsgC - SeCys

[200,300], [300,400], [400,500] & “H" S E v

Ratio 14.68 1464 1547 1538 18:83 18:5?

-t

1ZD1 HIV-1 reverse transcriptase

mlooo Iigands eaCh group Vina 978 270 17.67 476 4203 11.33

idock 097 025 132 0.39 2.60 0.69
Ratio 10.05 10.73 11.61 1207 16.14 16.54
500 ® Z;XL influenza virus RNA polymerase subunit PA
Vina 949 160 1504 401 2997 7.82
idock 0.89 0.23 1.36 0.40 3.41 0.87
10- Ratio 10.70 11.37 9.65 10.06 8.78 8.98
4501 ® 3BGS human purine nucleoside phosphorylase
Vina 9.59 2.57 16.50 437 3842 10.14
8 - ® idock 095 0.25 1.35 0.40 2381 0.74
=400 2 Ratio 10.09 10.45 10.63 10.89  13.65 13.75
g 400~ c
% 8 JHOW human S-adenosylmethionine decarboxylase
= 2 Vina 9385 264 17.67 470 4169 11.04
5 6 - idock 0.88 023 135 0.33 220 0.58
2350~ *g Ratio 11.17 1150 13.07 1328 1899 19.11
z ° 3IAR human adenosine deaminase
8 3 Vina 11.25 303 2021 539 4693 12.53
3300 E 47 idock 0.80 0.21 121 0.32 20 0.53
= Ratio 14.10 1444 1668 1690 2334 23.59
IKFN HIV protease
2504 2- Vina 10.53 280 1837 483 4243 11.03
. idock 0.77 020 1.20 0.32 2.09 0.55
® Ratio 13.69 13.85 15.29 1332 2032 20.12
Average across the above 121 receptors
200- 0- Vina 10.31 2.81 17.52 470 3873 10.26
i I i i I idock 0.85 022 138 0.36 258 0.67
200-300 3008—91:00 400-500 200-300 3005—;:00 400-500 Batio 1248 13.07 13.32 13.66 16.76 16.80
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Availability

oahttps://github.com/HongjianLi/idock
RFree, C++, Apache License 2.0
R32bit & 64bit Linux, Windows, Mac,FreeBSD,Solaris

* =
glthUb L] Searchor Type a Command (3 @) Explore Gist Blog Help HongjianLi E ¥ r H
HongjianLi / idock i1 Pull Request @5 Unwatch -~ + Unstar ~ 1§ Fork 0
Code Network Pull Requests 0 Issues 0 Wiki Graphs

idock is a multithreaded virtual screening tool for flexible ligand docking for computational drug discovery. — Read more
http:llistar.cse.cuhk.edu.hklidock

A2 Clone in Windows & 2P HTTP SSH GitRead-Only https://github.com/HongjianLi 1dou -
I branch: master ~ Files Commits Branches ?O Tags 5 Downloads
® 341 commits

idock /
Added & after mt1 !
25| HongjianLi 1ays o latest commit 6chbOellacs
B bin 2 months ago Recompiled idock 1.6 for Windows on Windows 8 [HongjianLi]
— B8 examples 2 months ago Added a new example 2VQZ [HongjianLi] I
B jigands a month ago Removed a large ligand from the ZINC folder [HongjianLi]
B opj 10 months ago Reverted obj/.gitignore [HongjianLi]

BB recentore 2 monthe ann Removad non-nolar hvdrooans for 2V 7 recantor Added MGT ac the nativ @ THonadiian! 11 -
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istar
Software as a Service
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http:/ /istar.cse.cuhk.edu.hk

Client:Server

@ Twitter Bootstrap | node.js
EHTML5 Boilerplate : web server

| job

Dl e eere—

result

result
Network
File System

—>

MongoDB

. : | '
—)Commun!cate via NFS | workstations m NoSQL
—> Communicate via SMTP |
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Ligand Filtering and Previewing

ogFilter ligands with desired molecular properties
@3Preview the number of ligands to dock

Number of ligands satisfying all the 9 filtering conditions: 188,820
Molecular weight (g/mol): [400, 500]

Partition coefficient xlogP: [0, 5]
Rotatable bonds: [2, 8]

Hydrogen bond donors: [2, 5]
Hydrogen bond acceptors: [2, 10]
Net charge: [0, 0]

Apolar desolvation (kcal/mol): [0, 12]

Polar desolvation (kcal/mol): [-50, 0]

Polar surface area tPSA (A2): [20, 100]
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Real-Time Progress

o3Monitor job progress in real time
«RProgress reporting mechanism in daemon
RAjax timer and table

Your jobs

Ligands Submitted on Status Progress Result
8 2012/10/13 21:50:51 Done on 2012/10/13 22:13:29 100.00000% & &

1,590,058 2012/10/20 19:57:54 Phase 1 in progress 0.07289%
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Supplier Output

csHelp purchase compounds from vendors A2sE

molport specs )
search like a chemist 2
chemistry solutions for drug discovery

AZ BA
1 Substance information Suppliers
2 http://zinc.docking.org/substance/25922195 1 | uorsy
3 http://zinc.docking.org/substance/67742829 5 | ambint | chbr | chemonaut | emol | molport
4
5
6
7
8
9
10
11
12

oy
=N
-

30|
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Availability

oshttps://github.com/HongjianLi/istar € @ @ € O
«RFree, Apache License 2.0, Javascript and C++
RChrome 19+, Firefox 12+, IE9+,Safari 5+,0Opera 12+

* =
glthUb L] Searchor Type a Command (3 @) Explore Gist Blog Help HongjianLi E ¥ r
HongjianLi / istar i1 Pull Request @5 Unwatch -~ + Unstar ~ 1§ Fork 0
Code Network Pull Requests 0 Issues 0 Wiki Graphs Admin

istar is a SaaS platform for idock and igrep — Read more L
http:llistar.cse.cuhk.edu.hk o

..

j,/'

A& Clone in Windows ¢ ZIP HTTP SSH GitRead-Only https://github.com/HongjianlLi/istill.qi ‘ F‘-
E—— o

fr branch: master -~ Files Commits Branches 1 Tags Downloads

istar / ® 434 commits

Replaced navbar-fixed-t@h by rivb static-‘
‘_:T: HongjianLi Sminutil a latest commit bdc86b&537

B8 idock 7 days ago Appended & to mt19937eng [HongjianLi]

— B igrep 2 months ago Explicitly set jobs_path of type path. Added using boost::lexical_cast, [HongjianLi] I
B public 30 minutes ago Replaced navbar-fixed-top by navbar-static-top [HongjianLi]
B gitignore 3 months ago Removed filters *.fa, *.fa.gz and README_CURRENT_README. Added filter... [HongjianLi]

R READMFE md adav ann | Inaraded exnrace node modiile from 20 Ore5to0 20 0O THonaiian! 11 -
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idock 2.0
GPU Acceleration
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NVIDIA GK104 Block Diagram

PCI Express 3.0 Host Interface

33.09 TFLOPS SP
3128 GFLOPS DP
«32GB GDDR5
@3PCIE 3.0 192GB/s
«3TDP 195W

34 GPCs

«#4 raster engines
38 SMX units
31536 CUDA cores
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AMD Tahiti Block Diagram

37970 US$516
©33.79 TFLOPS SP
3947 GFLOPS DP

-
-

-y

LAl

|

33GB GDDR5 I '
3264GB/s ||
«3TDP 250W ' %
332 GCN cores j @ i
32048 stream - 1

) Sh MDY NI WS
-gc.:““)“ S 2

LI DD DD [:][:] LI I
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idock 3.0
De Novo Ligand Design
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Motivation

caVirtual screeninglsy  de novo strategy?i
R1000 — 1019 drug-like molecules

T S 7 Cc-C: 1530 A
Design ligands o N 2 O=C=C LAR-N: 1.425 A
that have (

higher binding 0

affinities

«RWhich fragment to choose?
«®RWhich linker atom to choose?
«RHow to join the fragment in 3D?
«RCombinatorial optimization problem

CHEMISTRY
nd

PHYSICS

Editor-in-Chief

EDITION
2010-2011
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Genetic Operator: Selection

-

—_—

idock|
iIdock 3.0

L |
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Genetic Operator: Addition

«sMerge a ligand and a fragment

’ N\ |
| ﬁv as S % —
\f‘:«\r\ ( + "Q@ e

@ Elitist 1 @ Fragment @ Elitist 2
-4.457 kcal/mol -7.818 kcal/mol

@ Elitist 2 @ Fragment @ Elitist 3

-7.818 kcal/mol -9.043 kcal/mol
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Genetic Operator: Subtraction

«3Drop part of a ligand

~ =(
g = O
i |

@ Elitist 1 @ Elitist 2
-4.457 kcal/mol -7.818 kcal/mol
'aPa
— g\ﬂw—gﬁ
» T
@ Elitist 3 @ Elitist 4

-7.818 kcal/mol -9.043 kcal/mol
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Genetic Operator: Crossover

osExchange parts of two ligands
\

ngf, ok UE = b

@ Elitist 1 ~ Elltlst 2 @ Elitist 3
-3.072 kcal/mol-5.027 kcal/mol-7.337 kcal/mol

/’\r O
L, Wb T e N )
R N Y e e

@ Elitist 3 @ Elitist 4 @ Elitist 5
-7.337 kcal/mol-6.126 kcal/mol-8.200 kcal/mol
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Fragment Library

@3 An Example of

Number of Fragments

Small-fragment library
Provided by AutoGrow
46 fragments

3 to 15 atoms
Average 9.6 atoms
Standard deviation 2.8

2 8 3 2 R

CH,

H,C=0
HO(_CHy

HO
X

CH

2

HO
CH,

HZN\ACH

NH,

H,N — CH,

O

HyC— CH,

HO

0 2 4 6 8 10 12 14
Number of Atoms

16

58
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Initial Results: GSK38-ZINC01019824

GSK-3 inhibitor reduces Alzheimer's pathology and rescues neuronal loss

@ [nitial ligand @ AutoGrow @ IGrow
@ -6.9 194 @ -11.9, 57 @ -11.2, 505
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Z.INC08442219

HIV RT-

‘ Results

@ 1Grow

@ AutoGrow

@ [nitial ligand

-11.8, 392
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Results: HIV PR-ZINC20030231

@ [nitial ligand @ AutoGrow @ IGrow
@ -49 209 . @ -/7.5,489_
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1IView
HTMLY5 Visualizer
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Interactive HITML5 Visualizer

3sBased on canvas and WebGL
ogkirst HTML5 visualizer of protein-ligand complex
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Dual Ligand Docking

msSynergistic effect, suitable for large binding




THE CHINESE UNIVERSITY OF HONG KONG ## X k&

Case Study of
Influenza A
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Background

»WHO fact sheets
R250K-500K deaths, 3M-5M severe iliness annually

3Drug resistance

Proteins Functions Binding sites Inhibitors
HA Virus attachment to sialic acid receptors on host Sialic acid binding site; TBHQ binding site Neu5Ac; TBHQ
cell surface; fusion of virus and cell membranes f
NA Cleavage of sialic acid receptors to release progeny Active site Zanamivir; oseltamivir
viruses from host cells
M2 Acidification and uncoating of endosome-entrapped Inside pore near Ser31 Amantadine; rimantadine
virus; virus assembly and budding \
NP Capsidation of viral RNA and binding of three polymerase Tail-loop binding site; RNA binding site -2
subunits to form ribonucleoprotein particles
Polymerase Viral RNA transcription and replication PA: endonuclease active site; PB1 binding -
site PB1: polymerase active site
J PB2: cap binding site; importing binding site
M1 Structural component of virion; nuclear export of NEP binding site -

ribonucleoprotein particles

NEP Nuclear export of ribonucleoprotein particles Crm1 binding site; M1 binding site -
from host-cell nucleus

NS1 Protection against host-cell antiviral responses Double-stranded RNA binding site; -
CPSF30 binding site

Juan Du, Timothy A. Cross, and Huan-Xiang Zhou. Recent progress in structure-based antiinfluenza drug design. Drug
Discovery Today, 17(19-20):1111-1120, 2012.
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Our Progress

«3 Nucleoprotein o5 Polymerase PA  «3PolymerasePB2
R210QH R2ZNL R2VQZ
«ridock 1.4 «ridock 1.5 «rlidock 1.6
R4 Mac@CSE ®R1 Mac@CSE R2 LInux@ITSC

R 7M ligands R 73K ligands R2M ligands
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Polymerase PA w/ ZINC40879809

«3Predicted free energy -11.465 kcal/mol
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Case Study of

CCRK-Related Cancers

B2 }
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CCRK (Cell Cycle-Related Kinase)

3CCRK aliases: p42, PNQLARE, CDK20
«z4 transcript variants by alternative splicing

A CCRK chromosome 9 bp 89771178-89779487, sirand -

UCSC-hg18March 2006
RFP11-350E12

CTSL1
-

CCRK
— {chr@)-Kb from pter
|

T T T T
89600 829700 89800 89900 90000

B chromaosaome 8 80772001 BA7T30001 807740001 87750001 I BETTTO000| 8877000 8E77S0001
MNM_178432.2 = -
MM_012119.3 g ]
MK_O01 0388031 - =
AYB0436T A [ B
&8 7 L 5 4 3

«3Widely expressed in various cancers

RGlioblastoma, cervical adenocarcinoma, colorectal
carcinoma, osteogenic sarcoma, breast
adenocarcinoma, ovarian carcinoma, lung

|

hoF

~HEE
|
-
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CCRK Homology Model from 1HCL

m3Done with SWISS-MODEL

ATP-binding )
region ‘
\ | ~

Ser/Thr protein
kinase active site
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Our Progress

3Repurpose approved drugs
«R1,715 via DrugBank
3,176 via DSSTOX
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CCRK in complex w/ ZINC03830332

o3 Predicted free energy -10.306 kcal/mol

/ ';
’ () >
/ ‘ Bl

LEU159 ™,



THE CHINESE UNIVERSITY OF HONG KONG ##H X K2

Other Drug Discovery Results

Current collaboration with biomedical experts:

best wet-lab immune responses

0.10 ¢

Bepipred Linear Eplioge Prediction 0.09 |

] i 0.08 |
' 0.07 |

0.06 |
0.05 -
0.04|
0.03|
0.02}
.01}
0.00L

Blank Control 32S SP70 BSP1 BSP2

B0
i ol
=

Ir
Absorbance of 490nm

Immune response in mouse, higher the better
BSP1-Computational control (conformational only)
BSP2-Shortlisted epitope (best combined result)
32S, SP70: known and documented epitopes
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IV. Discussion and Conclusion

3 Summary
3 Discussion

75
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Summary

o31n this talk
R A brief introduction to Bioinformatics research problems

R Discovering approximate protein-DNA interaction sequence
patterns for better understanding gene regulation (the
essential control mechanisms of life)

R Computer-aided drug discovery via protein-ligand docking
and de novo ligand design. Case studies on influenza and
cancers.

&R Encouraging results have been achieved and promising
direction has been pointed out

76
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Discussion

3 Bloinformatics becomes more and more important
In life sciences and biomedical applications

5 Most computational fields (ranging from string
algorithms to graphics) have applications in
Bioinformatics

5 Still long way to go (strong potentials to explore)
R Massive data are available but annotations are still limited

R Lack of full knowledge in many biological mechanisms
&R Biological systems are very complicated and stochastic

77
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T.M. Chan, K.S. Leung, K.H. Lee, M.H. Wong 1, C.K. Lau, Stephen K.W. Tsui, Subtypes of Associated Protein-DNA (Transcription Factor-
Transcription Factor Binding Site) Patterns, Nucleic Acids Research, 2012, 40 (19), pp. 9392-9403 (IF:8.026)

Po-Yuen Wong, Tak-Ming Chan, Man-Hon Wong and Kwong-Sak Leung, Predicting Approximate Protein-DNA Binding Cores Using Association
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T.M. Chan, K.S. Leung, K.H. Lee, "Memetic Algorithms for de novo Motif Discovery". IEEE Transactions on Evolutionary Computation, 2012,
16(5), pp. 730-748.
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10 Related Patents including:
SUNG Joseph Jao Yiu; CHAN Lik Yuen Henry; TSUI Kwok Wing; LEUNG Kwong Sak; et al. "Genomic Markers of Hepatitis B Virus in
Hepatocellular Carcinoma”. United States Patent no. US7439020B2. U.S.A, 2008.10.21.

SUNG Jao Yiu, Joseph; CHAN Lik Yuen, Henry; TSUI Kwok Wing, Stephen; LEUNG Kwong Sak; et al. "Genomic Markers of Hepatitis B Virus
Associated with Hepatocellular Carcinoma." United States Patent no. US7871780. U.S.A, 2011.01.18.
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The End

«5 Thank you!
3 Q&A

79
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Appendix

oglntroduction: Bridging

«4ll: Results and Analysis: Statistical
Significance

80
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II: Results and Analysis

5 Statistical Significance (W=5)

«RSimulated on over 100,000 rules for each setting

statistically significant

«rFor E=0, although the 0.05<p(R;21)<0.07, the
majority (74%-82%) achieve the best possible p-

values
W=5 E=0 W=54FE=1
TY 0.0 0.1 0.3 0.0 0.1 0.3
R, TF TF-TFBS TF TF-TFBS TF TEF-TFBS TF TF-TFBS TF TF-TFBS TF TF-TFBS
P-value < 0.05 0 (127"‘) 110 0 (165"‘) 147 0 (636*) R6T 223 296 278 272 1974 2023

Rule No. 172 172 211 211 T4 T4 346 346 396 396 2559 2559
Significant Ratio 0 (0.74%) 0.64 0 (0.78%) 0.70 0 (0.82%) 0.73

0.64 0.65 0.70 0.69 0.77 0.79

81



