Performance of Our Method in Docking Simulation Compared with Others

09 , 0.82
0.8 - = commercial / academic-free docking tools
% 0.7 A .
= a method combines six docking tools
= 0.6 -
[3+]
s :
Al 0.33 0.33
g 0.3 - 024 025 025 0.26 3
5+ e 7 T e
[}]
o 0.2 0.11
0.1 B
\¥ o S Y. - A2 K o o e ..0°
“ﬂi' A oC \ o ¢\e Wr oWV Lo )
¥ \;\ga“e Y\.(‘S} P»too Ge \'\.\15} sut N G “\e\"‘?‘\e\ea‘“\
Tools \t@c'“\
Our method:

® Multiple docking tools: eHiTS, GOLD and AutoDock VINA
® Machine learning systems
*  Machine learning system A: re-scoring function.
*  Machine learning system B: binding mode selection function.
® Hsin, K.Y., Ghosh, S. & Kitano, H. Combining Machine Learning Systems and Multiple Docking Simulation

Packages to Improve Docking Prediction Reliability for Network Pharmacology. PLoS One 8, €83922 (2013).

Prediction of Inhibitor Selectivity Using Our Method Compared with Bioassay Contrast
(Consistent tendency with bioassay contrast)

¥ Our method ¥ Bioassay contrast

B Experimental selectivity score = number of interactions with Kd < 3 uM / number of kinases tested
09 - o
B predicted selectivity score = number of docking scores > 5.52 pKd / number of kinases tested

e
)

e
u

e
@

i
w

e
'S

Selectivity Score (S)

o
w

e
[

0.1

38 kinase inhibitors against 145 kinases
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Case Study Using Our Method over MAPK Pathway
(Good consistency with bioassay contrast) Bioassay contrast

Lapatinib G| s J{rw |
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Lapatinib
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Case Study of Lapatinib Applying Tools Commonly Used in Pharmaceutical Industry
(Poor consistency with bioassay contrast)
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Creating Next Generation
Computational Tox Screening System
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Toxicogenomics Annual Meeting
Gene expression and transcription regulation

analysis for gene network discovery
13/02/2015

Systems Biology Institutee
Natalia Polouliakh, Hiroaki Kitano

Data-driven analytic pipeline

__ intestine

Organ Level
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i

s —‘}‘?_:"'

&@ ~ Molecular level
DNA chip - “*

Gene PPI ‘Physiological Model
Expression Pathway Map Simulation Model
and Simulation Model
Regulation
analysis
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Research Agenda
» AGCT A Geometric Clustering Tool

Clustering Percellome data based on similarity of
gene expression profile. Application to TCDD and
TCDF (2,3,7,8-Tetrachlorodibenzo-p-dioxin and 2,3,7,8-Tetrafuran)

chemicals. e
Sample normalization
Dimension reduction on spectral manifold

Unsupervised clustering

» SHOE Sequence Homology in Higher Eukaryote

Phylogenetic footprinting for discovery of transcription

-

regulation network ; A :
J'if -
S-m;'s- - » i

5 )

3 EZEEEF

AGCT evolution

» AGCT 1.0 Interface 1.0 (2008) Richard Nock (Univ. of Martinique),
Frank Nielsen (Sony CSL)

Small data (2,000-3,000 genes)
(published in 2009 Polouliakh et al, PLoS One)

» AGCT 2.0 Interface 1.0 (2010-2011)
Algorithm significantly improved (40,000*n)=2hours
Source code partly re-factored
(preparing for submission)

» AGCT 3.0 Interface 2.0 (2012-2013)
Interface format changed
New Visualization added
Results Validation added
Source code rewritten in a module-like manner
Plugin to CellDesigner
Plug-in to Garuda platform is developed
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Atlas of Cell Life by AGCT

» AGCT reconstructs gene network basing on the
similarities of the expression profiles of genes

Gene 1

‘

. 4

4 Gene 2 \ schemical
Gene
*doze

- « Gene 4 *time
ks \ eexpression
=
a N\ 40,000 probes
X
v //

Ve s

t0 t1 t2 t3 t4 t5
5

Processing data on AGCT

PCA : M*N matrix

.

RE R BT —Z AT SRR ER /D = — 7 Ly MR
BT EOBEEE~ YRy 72
IRIRTTIC % & 3728 | " Spectral clustering%179, 187 O LR DATHIT),
3¢ RAY72 ClusteringtE 4 i > T L CTT—2 D0 EIZ1T.,

. fE B Dinteractive visualization=°scenario Lk z 1T,

Spectral clustering:
M*M matrix

Examples of different network topologies

Mouse Stem cell

TCDD aftec

ted mouse liver cell

N
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Orthogonal Laplacian matrix to compute
one dimension per cluster/gene

Influenza affected mouse bronchi cell




TCDD TCDF

p———— 24 S% 24
E—P—p—— 8 N7 8
—_—— 4 & 4
—P—T—— 2 % 2
O I A an O Vi A
30 10 3 1 0 30 10 3 1 0
TTG020 2, 74k TTG026 WWo05975
TCDD TCDF
(2.3,7.S-Tetrachlorodibenzo-p-Dioxin) (2,3,7,8-Tetrachlorodibenzofuran)
c 0 cl TEF : 0.1 & £
Cl Cl
Cl 0 Cl \
0
vehicle[corn oil] vehicle[corn oil]
dosage[0,1,3,10,30microg/kg] dosagel0,1,3,10,30microg/kg]
time[2,4,8,24hr] time[2,4,8,24hr]

Analysis of TCDD-TCDF together data (=40,000)
Plug-in to CellDesigner to produce gene MAP

Clustering: Bergman k-means
Affinity propagation, Expectation Maximization, CP, NNMFE

& Cesvrios
OO iy i slosasios i MGz AGoomeic Clusterieg Tooksico oo sl
Normalization Processing Parameters lterative Filtering Comput. & Display Parameters  About

baal 4 |H W R L 1IN ] Scenario. = P | Misc
- Selection - (iJManifold . SfPCA % Correlation g Clustering

B4 [vexz W] o[R x-axiss 0 Yoaxis: 1 Z-axis. 2 ¥ Gene to find

’Délaunéy Triénguiatioﬁ
Surface Extraction (p<0.05) * Principal Component Analysis

N M i e

Optimization of cluster

i E & o ber ', [+ i t
e o N ©_ Cluster centroid

8| Matrix: 5 doze * 4 time * 3 replicate * 40,000=2,400,00073 point = NP hard
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Optimization

m eigenVectors O(n-genes
d=10 m=100) where d
density for sparsification

Matrix sparsfication

(N Sparse r']similarity matrix
d ---dip--- Ao (3) Lanczos algorithm
(Transforms the original matrix into a
\'A% tridiagonal matrix which is real and symmetric.)
O(n1+|0) Note that (x,y) represents the dot product of vectors x and y here
instead Of O(n3) Aftor the iteration, we get the @; and ﬂ, which constructs a tridiagonal matrix
a 3 0
By ay By
By oy
Laplacian matrix T B -

/ B N
@ T o P (

I Di Tha vectors v, (Lanczos vectors) o onthe fly the | 2 hours!

- : Vo ) i
L l ' Matrix W ... o o 1 16075 {5+ & UP!
constant factor O(n3) -> O(d*m*n)\

/ /
speedup by <\& d=10 m=100 /L/
2 R <

L = D-l2wD-!2 memorization n-probes 3

D2 =1/sqrtD, A
I Lq|=a|q|+3rqr,-//

) . Q — orthogonal matrix
The degree of a vertex v, € V is defined as QT_ transformed orthogonal matrix qu = B 2q I + a 2q2+ B 3q3;

4=y w, L — normalized Laplacian Lqm = B +Gm + o " /3 "

Dégree matrix D is defined as the diagonal matrix with the
degrees d,, ...d, on the diagonal.

Plugin to CellDesigner -> MAP

CeliDesigner
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AGCT3.0: TCDD and

7,881 probes

TCDF: PCA on 5 doses

8,674 probes

_z(3PC) _FB3PO)
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1 Toxicity equivalency factor (TEF) might be about 3.

TCDD spectral clustering view

[ A : Toold
(-AGET G i
Params for normalize Lk
—
o o= K-means (wAffin
repicate normalization: [ Arithmetic Mean B9 7 £

) SD Threshold 2.0

[ geneActivation 3D view

“Cells

cluster m

=%
param feature

8 Slope

(O Haar Wavelet
param Matrix

Manifold:

[ Cosine Similarity |

similarity func

number of eigenvectors: 20
clustering
(K-means W ( paam )

E (param )

| Affinity Propagation

( Submit )

™ iDs  ( adjust
5 e T cluster D [ genelD [ gene Name
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CLUSTER SORTING BY VALIDITY

Compactness, Davies-Bolduin index, Sihouette index, Peaks,

&)

File Filter Search

aLTs; Num Co Davies Silhouette nu %in | pea
131 1 0 1.14 1 8
910 1 0 1.079 1 6
915 1 0 1.123 1 5
914 2 0.003 1.275 0.621
900 S 0.003 1.286 0.631 1

| 261 5| o004 136 0625 |- |6
558 5 0.004 1.388 0.525 -
912 3 0.004 1.35 0.61 615
815 4 0.004 1.407 0.627 6
113 S 0.004 1.396 0.497 1
340 6 0.004 1.453 0.49 15
281 2 0.005 1.345 0.513 S
210 2 0.005 1.364 0.585 13
207 6 0.005 1.449 0.544 €
599 3 0.005 1.422 0.498 9
727 3 0.005 1.396 0.534 11
139 10 0.005 1.523 0.525 6
686 5 0.00S 1.469 0.531
897 4 0.005 1.385 0.547
689 6 0.005 1.442 0.5 6
471 9 0.005 1.447 0.511
567 6 0.005 1.433 0.479 14
214 7 0.005 1.638 0.426 10
696 8 0.005 1.574 0.447 6
662 6 0.005 1.54 0.464 7.6
666 9 0.005 1.695 0.455 8.¢
672 3 0.005 1.406 0.501 14
741 8 0.005 1.476 0.43 1
661 7 0.005 1.534 0.412 8
376 7 0.00S 1.706 0.33 8.8
249 10 0.008 1.509 0.507 1
795 3 0.005 1.501 0.473 4

Expression

File

geneActivation

Spectral manifold

3D view

cluster correlation

Dozes 0,0.1,0.3, 10, 30

cluster ID
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gene ID

___Spectral manifold

3D view cluster

gene Name
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Cluster examples on TCDD

7,881 genes (1661cl) => 3,117 probes in (498 cl) 4,550 (60%) unrelated

Marveldl

Abhd6 pook0
Llstn3

Mgli

Jorlb

Mgil

Hyd rlze
Fatty acids

Immune-

Mediated

disorder
15

TCDD Ahr cluster

metalloproteinase binding protein for the snake
venom toxin taipoxin

16
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TF binding to Insulin gene

TCDD Dbp cluster (disease associated aging)

D site of albumin promoter (albumin D-box) binding protein

D site albumin promoter
binding protein

Ll NN X e
P450 (cytochrome peroxisomal Lysophosphatidylglycerol
17 oxidoreductase  pjggenesis factor acyltransferase 1

TCDD Hsd3b2 Cluster (steroid hormone production)

3beta-hydroxysteroid dehydrogenase/delta(5)-delta(4)isomerase type Il

.....

18 Hydroxy elta 5 steroid dehydrogenase 2
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Cluster examples on TCDF

8,674 genes (1600cl) => 3,771 probes in (369 cl) 4,903 (56%) unrelated

Params for normalize

repicate normalization Arithmetic Mean

SD Threshold 2.0

L
param feature

@ siope

Haar Wavelet
param Matrix

Manifold
Cosine Similarity 1ol

similarity func

number of eigenvectors 20

clustering

K-means &4 param
Affinity Propagation &4 param
Submit

19

TCDF Ahr

[ AGCT - A Geometric Clustering Tool |

Celuster]
K-means | Aﬁlml;‘l;rioi:;;q‘;n‘oiw
Al A b S oot docicansiiiaiisaSpecial
File
geneActivation 3D view  cluster licorelationd] _geneActivation 3D view | cluster | correlation
z(3PC)
l\
|
|
|
|
A
X1PC)

4 # D adj

cluster ID gene ID gene Name
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TCDF Cyplal cytochrome P450

Xenobiotic metabolism

IL1RN

p IL1|
|..;..ms\’ “ R 4
y TNFa

bl AhR ot “
AP \ AhR ”
: Q +
| geneActivation 30 view cluster .
ere' hsp% * : o)

ARNT NF-xB
CAR . .
M  ~xro v . N\ ARRR
VDR 2 h' © ‘ ARNT/AhRR
WG —
\ NF1 ik “
AHRE ‘ My AHRE
| JEm V4] m m:ngm- [ |
2 ey TAAb Bkb e o I ¢ [

intergenic region 23.3 kb

HNF-4a PGCia SRC-1 HNF1a USF

A xenobiotic is a chemical which is found in an organism but which is not normally produced or expected to be present in it.
It cah also cover substances which are present in much higher concentrations than are usual.

TCDF Abhd6 cluster

: transformation related
R ————— protein 53
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TCDF Slc46a3 cluster

N-acetyltransferase Fructose and
Mannose metabolism

v

devel 6“;} pent

Prali-fg ration;”
differentiation

24
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New genes shared regulated by TCDD
and TCDF chemicals (600)

0
Rheb : : : 8
Ras homefog enriched in"brpir o
o

=

D

)

N4bp2 | ~ el §

NEDD#bjnding protein 232
()
7
z Dnaj hom {og/subfam‘ili)"'B Clpx\casmolytlc peptidgfé e
Conclusions
» Cluster network 1. Basing on whole data expression profile
Cl 3(5 genes) analysis Toxicity Equivalency Factor (TEF)

of TCDD, TCDF chemicals is about 3.
Metabolic enzymes, transcription factors,
developmental genes are the main

2.
CI5 (3 genes) .
responding genes.

. Approximately 400 novel co-regulated
genes between TCDD and TCDF chemicals
were identified.

Cl 471 (13 genes)

26
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TCDD responsive probes (211) were used to map
on CellDesigner

(Report on the analysis is attached)

SO0

i AGCT e A Goomtrc BB To0 s 2 e —
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[ Selection ' [ Manifold . [ PCA__ ¥ Correlation @ Clustering !
il Vreep (Bl [upxyz W4 [ig[B] x-axis: 0 Y-axis: 1 Z-axis: 2 * Dhrs
Filters
© and
Qor
! tedd_78
! otefl 10_128
— tefl &

range of delaunay

_| delaunay(0.35,2.73)

[ delaunay(1.50,2.73)
range of magnitude

[ magnitude(8.65,1363.07)
range of copy per cell

[ range(1.00,409.32)

.:)nss

Manifold edges Gene names & annotations C . Clusters and «

O All O Pointed @ None | (ID MName = ¥ -1 4 0F 0P C @ show | C#0 38 - (AN Wl o show [ Disks i @

Figure 1: Eight clusters were were obtained by Affinity propagation method on 211 TCDD probes.
217

Gene ontology for 8 TCDD clusters

C2 antioxidant activity (0.001)

ubiquitin-protein ligase activity

ubiquitin-dependent protein catab
&

C4 Ethanolamine kinase activity 5.13E-04
Phosphatidylethanolamine biosynthesis

C1 intracellular (0.01)
Glutathione transferase activity
ribosome

translation

CS5 protein

‘2 modification_process 1.74 C3 mast_cell_activation 4.11E-11
9 ) N

ethanolaminephosphotransferase
., phosphotransferase_

kg Phospholipid biosynthetic process
.’” C7 protein dimerization 1.16
transcription 0.001
.3070&022&.& .WS
.ooozsAozm
£#_7(7)

«1 CO nucleic acid binding 6.63E-17
protein_amino_acid_ADP-ribosylation 1.09E-05
NAD+_ADP-ribosyltransferase activity 1.09E-05
vasculogenesis 1.09E-05

C6 Carboxylesterase 7%
Phosphatidate phospha

l*“igurez%3 : GO terms for eight clusters obtained by Affinity propagation method on 211 TCDD probes.
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Table 1. Classification of top three overrepresented GO Biological Process categories
in eight clusters of 211 probes for eight 2,3,7,8-tetrachlorodibenzodioxin TCDD clusters.

Cluster
(probe)
Cl1 0(20) Nucleic acid binding ( 6.63E-17),
Protein_amino_acid ADP-ribosylation (1.09E-05),
NAD+_ ADP-ribosyltransferase activity (1.09E-05),

vasculogenesis  (1.09E-05)

GO term and p-value (chi2, Yates’s correction)

Cl 1 (45) Intracellular (0.01), Glutathione transferase activity (0.01,)
Ribosome translation (0.01)

Cl 2 (22) Antioxidant activity (0.001), Ubiquitin-protein ligase activity (0.001),
Ubiquitin-dependent protein catabolism (0.001)

Cl 3(18) Mast_cell activation (4.11E-11), Ethanolaminephosphotransferase

(7.22E-04), Phosphotransferase (7.22E-04),
Phospholipid biosynthetic process (7.22E-04)

Cl 4(41) Ethanolamine kinase activity (5.13E-04), Phosphatidylethanolamine
Biosynthesis (5.13E-04)
Cl 5(15) Protein modification process (1.74E-04)
Cl 6(42) Carboxylesterase (7.10E-05), Phosphatidate phosphatase (0.001)
CL7(7) Protein dimerization (1.16E-04), Transcription 0.001
29
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Delaunay Triangulation K & R —[X
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In AGCT DT is used for the validation of manifold

To evaluate if the obtained graph is reasonable or not, we defined a measure used to filter out

any Delaunay edges between two genes g and ¢’ for which:

(‘us*l(wg.mq/) € [mxp/2,mx(1—-p/2)] (modm) . )
Cells (triangles) and genes are in bijection, each cell
a f representing the volume composed of all points closer
4 L to the gene than to any other gene.

g T In the computed structure local consistency is tested.
§ if 0> e——
2

Center of j[
o ’Ll 5 J
Manifold / 5 if 6<3 ——
a*b _
lal* 16l ~ 7 \

/ Unlikely

32
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Drawn based on DT value
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