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4 ™
CheS-Mapper

- Chemical Space Mapping and .
Visualization in 3D

3D viewer for small molecule datasets

Published in Journal of Cheminformatics,
March 2012, >6000 accesses in 18 months

Project homepage:

Open-source java software

Uses: Jmol, CDK, WEKA, OpenBabel, R
Compatible to OpenTox dataset services
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http://ches-mapper.org/
http://ches-mapper.org/
http://ches-mapper.org/

b &S @ demo.smi- CheS-Mapper (v1.12.1)
File Edit View Highlighting Help

Caffeine Dataset: demo.smi
Citric acid Num compounds: 10
Diazepam 2 s Cluster algorithm: No Dataset Clustering
Glucose & ’fa 3D Embedding: Sammon 3D Embedder (R)
Lidocaine < "-;/ 3D Embedding Quality: excellent (CCC: 1, r™2: 0.99)
Nicotine N .
\
Phosphoric acid =<N :‘4\ ::ﬁrirllep:u"d 2:?:;:‘;1(:
Sucrose . . o
Sulfuric acid / abonds 10
THC dbonds 2
shonds 3
'\,/'\,/'\,:.\" HBA2 [
T - HBD (0] .
o b SMIdbNAME Caffeine
W Superimpose . logP -1.03
bonds 15
J MR 52.04
J“). atoms 14
. .~ HBAL 3
o o MW 194.19
ﬁ o e & * .
:,ff nF 0
d
.r.f’“‘: tbonds 0
.;) 1 TPSA 61.82
» . ')
i Caffeine ,f;('
- J '9
&7
3 2
-
D=D= & Wireframe # Balls & Sticks # Dots Artlﬂ Ca I teSt dataset Wlth
Feature: |None (show atom types)]zl 1 O com pO un d S

Jmol




CheS-Mapper Workflow

Dataset

Chemical Space Mapping

3D \ Extract \ : | 3D 3D
Clustering

Structures 7 Features " TV Embedding Alignment

3D-Visualization
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Cnlcnc2clc(=0)n(c(=0)n2C)C Caffeine \
CCCCCclcc2c(C3C=C(CCC3Cc(02)(C))C)c(c1)0 THC
O=C(Nclc(cccclC)C)CN(CO)CC Lidocaine

CN1CCCC1clccencl Nicotine
CN1c2c(C(=NCC1=0)c1cccccl)cc(Chec2 Diazepam
O1C(CO)C(O)C(O)C(O)C10o[C@@]1(0Cc(Cc(Oo)c10o)co)co Sucrose
OCC10C(0)C(0)C(0)C10 Glucose

OC(=0)CC(0)(C(=0)0)CC(=0)O0 Citric acid

0OS(=0)(=0)O0  Sulfuric acid
OP(=0)(0)O Phosphoric acid

Chemical Space Mapping

3D [—I\ Extract N 3D 3D

Structures Features - Clustering TV Embedding Alignment

<

NS
3D-Visualization

OpenTox Euro 2013 - Martin Gitlein - CheS-Mapper /




CheS-Mapper Wizard (v1.12.1)

Load Dataset (step 1 of 6)

Select a dataset from your file system for clustering, embedding and visualization.

Select dataset file (Copy a http link into the textfield to load a dataset from the internet):

[/horme/martin/data/presentation/derno. smi | Open file... Search ChEMBL

[r]Recently used datasets

1. Load Dataset
2. Create 3D Structures @ Load Dataset
3. Extract Features .
4 Cluster Dataset Dlataset Properties: |
5. Embed into 30 Space Rl el
6. Align Compounds Mum compounds: 10
Mum properties per compound: 2
2D available: true

Chemical space
mapping can be
configured with wizard

-

OpenT;x

Help Import Cancel Previous MNext Start mapping




CheS-Mapper Workflow

3D builders: l

« OpenBabel
« CDK

Extract Clusterin 3D 3D
Features g Embedding Alignment

g
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CheS-Mapper Workflow

Feature Extraction:

« Included in the dataset

« PC-Descriptors (computed with CDK or

OpenBabel)

« Structural Fragments
« Subgraph mining
« Smarts matching

: 3D
- - Clustering - AIignment

g
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CheS-Mapper Workflow

Physico-chemical descriptors:

« MW (Molecular weight)

* logP (Octanol water coefficient)

« abonds (Number of aromatic bonds)
« HBD (Number of hydron bond donors)

: 3D
- - Clustering - AIignment

g

OpenTox Euro 2013 - Martin Gutlein - CheS-Mapper /




@S @ demo.smi- CheS-Mapper (v1.12.1)

File Edit View Highlighting Help

Phosphoric acid 28
Sulfuric acid 98.08
Nicotine 162.23
Glucose 180.16
Citric acid 192.12
Caffeine 194.19
Lidocaine 234.34
Diazepam 284.74
THC 314.46
Sucrose
”@fﬁr’tgt .
W Superimpose ' ﬁf/j
B
.
* -’U\".' .=
% W
“1 e :

Embedding is based
on PC descriptors,

molecular weight is
selected

B :Dz ot Wireframe ® Balls & Sticks ® Dots
Feature: [MW [~ ]| m Label

e

“""”x.‘_"‘\a

Dataset: demo.smi

Num compounds: 10

Cluster algorithm: No Dataset Clustering

3D Embedding: Sammon 3D Embedder (R)
3D Embedding Quality: excellent (CCC: 1, r™2: 0.99)

Compound Glucose
fj’\l Smiles 0CC10C(0)...
dbonds 0

HBD 5
logP -3.22
MR 35.74
HBA1l 6
HBA2 6
TPSA 110.38
shonds 12
lucose: 180,16 SMIdbNAME G lucose
Q‘ atoms 12
N bonds 12
r MW 180.16
abonds 0
Feature: MW
Values: 193.16 +83.94

Description: Molecular Weight filter (OB Descriptor)
Usage: Used for clustering and/or embedding.
Missing values: 0

3

%)

[

#compounds

100 150 200 250 300 350
Glucose I Dataset‘




CheS-Mapper Workflow

MACCS list (166 SMARTS fragments):

. P

« [#8]~[#6]~[#8]
« ¥*~n[CH2]~[#8]

: 3D
- - Clustering - -

g
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@S @ demo.smi- CheS-Mapper (v1.12.1)

File Edit View Highlighting Help

Citric acid
Glucose
Sucrose
Caffeine
Diazepam
Lidocaine
Nicotine

Sulfuric acid
THC

no-match
no-match
no-match
no-match

Phosphoric acid no-match

no-match
no-match

W Superimpose

»
PN 3\-3
+ '.
b
F
o .\';. );
“r .?._
p -
1
1
o
o
{

B :Dz o Wireframe # Balls & Sticks # Dots

Feature: |OC0

r -

lzl W Label

‘e

ol

) e
- i

Dataset:

Num compounds:
Cluster algorithm:
3D Embedding:

demo.smi

10

No Dataset Clustering
Sammon 3D Embedder (R)

3D Embedding Quality: good (CCC: 0.86, r~2: 0.7)

Feature: oCco

Same dataset,
but embedding
is based on
structural
fragments
(MACCS list)

Smarts list: MACCS (OpenBabel MACCS)

Values:
Description:
Smarts:
Usage:
Missing values: 0

7% no-match, 3x match

Structural Fragment, matched with Open
[#8]~[#6]~[#8]

Used for clustering and/or embedding.

[+2]

#compounds
N

o

no-match

match



e

™

Caffeine
THC
Glucose

Sulfuric
acid

/MW LogP |abonds .. |HBD N XY 2z

Caffeine

THC
Ii> Glucose

Sulfuric

acid

: 3D
- - Clustering - -

g

OpenTox Euro 2013 - Martin Gutlein - CheS-Mapper /




CheS-Mapper Workflow

3D embedding algorithms:

« PCA (fast)
« Sammon embedding

(non-linear, configurable distance)
« SMACOF
« t-SNE

: 3D
- - Clustering - -

g
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Quality of the 3D Embedding

Caffeine
THC
Glucose

Sulfuric
acid

Nl

Compound
distance matrix
based on
feature values

How well do the 3D
positiones reflect the feature
values?

Caffeine

ﬂ THC
—

Glucose
Sulfuric

acid

™~

N

< J

Global embedding quality:
Correlation between distance
matrixes (CCC, R2)

Embedding stress for each

Compound
distance matrix
based on
3D positions

compound:
1 - correlation of the

Correspoding matrix rows Martin Gitlein - CheS-Mapper /




] @S @ demo.smi- CheS-Mapper (v1.12.1)
File Edit View Highlighting Help

Citric acid 0.05 Dataset: demo.smi
Glucose 0.07 Num compounds: 10
Sucrose 0.08 Cluster algorithm: No Dataset Clustering
Sulfuric acid 0.1 3D Embedding: Sammon 3D Embedder (R)
Phosphoric acid 0.11 \ 3D Embedding Quality: good (CCC: 0.86, r~2: 0.7)
Diazepam 0.12 '\,;-/,.r» b Ly und THC
Caffeine 0.26 N ;\‘*
Lidocaine 0.38 ‘ } CCCCCclcc...
Nicotine 0.4 )C
THC 0.51 T H3
':j(' C=C(A)A
c=C
e CC(C)(C)A
o/ CH3AAACH2A
W Superimpose ‘j ‘¢ s THC: 051 Onot%A%A
i CH3CH2A
: CH3ACH2A
- ACH2CH2A ...
.)‘) ACH2AACH2A
'lt 6Mring > 1
ACH2CH2A
THC iS the ' + 4’; Feature: Embedding stress
I/. I g
T 4 Values: 0.11 +0.17
. o LS -..._fr i A
com pou nd :* I - Description: 0 := perfectly embedded (no stress), 1: h
W|th the ' Usage: NOT used for clustering and/or embeddin
h_ h » £ Missing values: 0
Ig es_t .. e
embedding 4
2 -
5
stress 2
g4l
v
3
i ; 0 5 5
B:D 1 Wireframe # Balls & Sticks # Dots 01 02 03 04 05

Feature: |Embedding stress

lzl W Label

s THC 1 Dataset]|




CheS-Mapper Workflow

Cluster Algorithms:

« k-Means (num clusters configurable)
» Hierrachical Clustering

(dynamic num-clusters detection)
» Expectation maximization

et | custering [ 0220 gl 30

g
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467 COX-2 Inhibitors

Inhibitation of the enzyme Cyclooxygenase-2
(COX-2) is investigated in cancer studies

Compounds are structurally very similar
(docking dataset)

Endpoint: IC;, pMol (half maximal inhibitory
concentration)

Spline-Fitting with a Genetic Algorithm: A Method for
Developing Classification Structure—Activity Relationships
Jeffrey J. Sutherland, Lee A. O'Brien, and, and Donald F. Weaver
Journal of Chemical Information and Computer Sciences 2003 43 (6),

1906'1 915 OpenTox Euro 2013 - Martin Gutlein - CheS-Mapper /




] &S ® cox2.sdf - Ches-Mapper (v1.12.1)
File Edit View Highlighting Help

Dataset: cox2.sdf
Cluster 1 (#90) Num compou_nds: 4§? . _
Cluster 2 (#110) Cluster algquthm: Hierarchical - Dynamic Tree Cut
Cluster 3 (#98) e 3D Embedding: Sammon 3D Embedder (R)

#3D Embedding Quality: moderate (CCC: 0.64, r™~2: 0.12)

Cluster 4 (#40)
Cluster 5 (#51)
Cluster 6 (#39)
Cluster 7 (#39)

W Superimpose W S

J,:n, b e
; l “ﬂi‘,,; Sk . ‘
e g e .u-\}
| e {m*"‘f":{: e "Jﬁ%ﬁg TN
hfii oy }_ - \., \, \.‘g[ff w%iﬁ'"‘; o .\LJ.

k
Compounds are
colored according
D‘=D &t Wireframe # Balls & Sticks # Dots to CIUSter

assignment

Feature: |Cluster




4 ™
Sorting of features

Feature values are shown for

Cluster 3 =

R ¢ the selected compound or

g o7.71=150¢ = cluster

Sl | < Features are sorted according

gg:i::_rllj : __" tO the p'Va|Ue Of

Lc50_mmol X2 test for nominal features

. ANOVA test for numerical

features

v - The most ,important’ features
S o listed first:

esngvalues B the feature values of this

E ot compound/cluster differ the
most from the complete

dataset

O

B Cluster 3 Dataset
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b &S ® cox2.sdf - Ches-Mapper (v1.12.1)
File Edit View Highlighting Help

All clusters Dataset: cox2.sdf

Cluster 4 (#40) 30x Num compou_nds: 4§? . _

Cluster 6 (#39) 39x Cluster algorithm: Hierarchical - Dynamic Tree Cut
Cluster 7 (#39) 39x 3D Embedding: Sammon 3D Embedder (R)

Cluster 5 (#51) 51x * " 3D Embedding Quality: moderate (CCC: 0.64, r~2: 0.12)

Cluster 2 (#110) 79x

Cluster 1 (#90) 90x ' ) T C.Iuster Cluster 3
Cluster 3 (#98) 98x " i ool B W 98
il 0=5(=0)(c...
_ i 52 . 71x 'B.1', 1...
.‘ Y, o] (5 - 3 .
Clyster 3 (#fizﬁg?”% ’m?tch ;.!r ;,.1 P ) . o NC(C)N 98x% 'match’
T ye o 1 ‘ % Py v L Y o " g : >
1 . 1 % CN(O)C
M Superimpose 1 v‘;{‘bi'.,'? T s ' ] s, QN 96x 'no-ma...
N T ‘ T, - CSN 98x% 'no-ma...
= - "
H!‘:'"u’}' A A NS 98x 'no-ma...
o & L QQH 98x 'no-ma...
f.\r A ; ; NAO 96x% 'no-ma...
‘:T L{ . NH2 96x 'no-ma...
' % L N>1
ES jﬁf e 4 Feature: NC(C)N
Uh dp 0 R _ -. Smarts list: MACCS (OpenBabel MACCS)
' ! IR o Values: 328x no-match, 139x match
S Description: Structural Fragment, matched with Open
sl gl S Smarts: [#7]~[#6](~[#6]) ~[#7]
L. J ffff,-'___ 4 Usage: Used for clustering and/or embedding.
e Missing values: 0
5 5 w 300
T
Easy to find important E .
features for clusters 2
S
* 9

B =] ot Wireframe ® Balls & Sticks ® Dots no-match

Feature: [NC(C)N [~]| m Label m Cluster 3 Datasetl




CheS-Mapper Workflow

3D Alignment:

« Detect common subgraph of each cluster:
« Compute MCS (maximum common subgraph)
» Use largest fragment
« Manually specifiy subgraph

« Algin compounds according to common subgraph:
« Obfit (OpenBabel)
« Kabsch Alignment (CDK)
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r OO cox2sdf- CheS-Mapper (v1.12.1)
File Edit View Highlighting Help

All clusters 10-2 [+ ] Dataset: cox2.sdf
Cluster 1 (#90) | |12-10a Num compounds: 467 _
Cluster 2 (#110) 12-10b Cluster algorithm: Hierarchical - Dynamic Tree Cut
Cluster 3 (#98) 12-10c 3D Embedd?ng: . Sammon 3D Embedder (R)
Cluster 4 (#40) 12-3a3 3D Embedding Quality: moderate (CCC: 0.64, r™2: 0.12)
Cluster 5 (#51) 12-3b —
Cluster 6 (#39) 12-5a Cluster Cluster 7 =
Cluster 7 (#39) | | 12-5b Size 39
1272 mes  o=s=o
12-7b AN(A)A 39x% 'no-m
12-7¢ AINS$A 39x 'no-m:
14-12 C-N 38x 'no-m:
ég:s QCH3 36x 'no-m:
ASAIN 38x 'no-mé—
& Superimpose Nnot%A%A 38x 'no-m
NH2 39x 'matct
CsSN 39x% 'matct
NS 39x% 'matct
QQH 39x 'matct
NAO 39x 'matct
NH 39x 'matct
QN 39x 'matct
QAAAA®] 27X 'no-me
Heterocycle 25% 'no-mi
CH3 23X 'no-mq
N Heterocycle 26X 'no-m:
[ C%N 26X 'no-m:
Family 10x'D.1', .
CN(C)C 39x% 'no-m:
Heterocyclic atom > 1 (&.... 28% 'no-m:
NAAAN 39X 'no-mq

Cluster compounds

[-]=
Feature: |MCS |Z|

@ Wireframe # Balls & Sticks # Dots

aligned according to MCS

Jmol




" @@ @ cox2.sdf - CheS-Mapper (v1.12.1)
File Edit View Highlighting Help

: Dataset: cox2.sdf
luster 7 (#39) 0.007 Num compounds: 467
Cluster 6 (#39) 0.017 ’ Cluster alg ofithm: Hierarchical - Dynamic Tree Cut
Cluster 5 (#51) 0.026 o Sammon 3D Embedder (R)

Cluster 4 (#40) 0.051 bk _ B | 4 1|ty moderate (CCC: 0.64, r~2: 0.12)
Cluster 2 (#110) 0.145 ki il

Cluster 1 (#90) 0.455
Cluster 3 (#98) 0.76:

Ll
M Superimpose

- - : ﬁ? Feature: IC50_uM
C|ustering and j ) ‘ Values: 0.12 +33.14

Descrjption:  /ncluded in Dataset
NOT used for clustering andfor embeddin

J@ ’%Mi%ﬁ\g values: 0 & %

and inactive o A4

compounds

embedding

w
o
o

#compounds
N
o
o

=
o
o

o

Bz{] o Wireframe # Balls & Sticks # Dots 25 50

Feature: IC50_uM W Label




4 ™
The CheS-Mapper

extension for

Linear Regression

KN I M E (Learner)
I—lllﬁ-._‘\
SDF Reader \\ Ches-Mapper
~— . R i
R+ - R,
.S
KNIME:

» graphical workbench for data access,
investigation and predictive analysis

» various extensions to process chemical data
CheS-Mapper integration as visualization node
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EPAFHM dataset

EPAFHM:
US Envrionmental Protection Agency (EPA)
Fathead Minnow Acute Toxicity Database File

617 industrial organic chemicals

Endpoint: LC50 mMol ((lethal) concentration
that kills 50%)

Predicting modes of action from chemical structure: Acute
toxicity in the fathed minnow (Pimephales promelas).
Russom, C.L., S.P. Bradbury, S.J. Broderius, D.E. Hammermeister, and
R.A. Drummond (1997)
Environmental Toxicology and Chemistry, 16(5): 948-967.
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(o [VES {1 Single ch Dataset: knime_in|

:22 ;;;E;Ei::yl'l”pmpyl ® &  Numcompounds: 579 Num compounds: 579
6.33 Cyclohexanone -~ 3D Alignementi: No Clust: Cluster algorithm: No Datas

6.58 3-Methyl-3-pentanol 723 LC50_mmol: [9;:917] 3D:Embedging: . Sammon

6.97 2-Cyanopyridine L Q 3D Embedding Quality: good (r
6.98 2-Methoxyethylamine P

7.03 Cyclohexanol & ‘ % Compound: —

7.48 3ncatomidephins P Py ¥ 6 2 _.9.67 1-Benzylpyridinium 3-sulfonate
7.62 tert-Butyl methyl ethe . v oF S ‘ m %UCTURE_FormuIa: C12H11p =
7.67 3-Amino-5,6-dimethyl ' [ 3 ; _" N STRUCTURE_Molecularw... 249.28

7.69 Isopropyl ether ¥ ). p¥ Ed ﬁ LJ STRUCTURE_ChemicalType: defined ¢ []

8.8  5-Chloro-2-pyridinol ’ . S - STRUCTURE_TestedForm... parent

.63 2-ico|ine ol , .l‘ , - . - STRUCTURE_Shown: tested cl
.67 1-Benzylpyric = ] v e o o ~T§§t$ubstance_§hemica... 1-Benzylg

TestSubstance CASRN: 69723-9.

TestSubstance_Descripti... single ck

ChemicalNote: zwitterior
iy STRUCTURE_ChemicalNa... 1-(pheny —

STRUCTURE_Parent_SMIL... C1C(=CC

STRUCTURE_InChl: InChi=1/

i¥ Fish-Toxicity is well
& correlated to
PC-descriptors

(used for
embedding)

Feature: LC50_mmol

Description: Included in Dataset

Usage: NOT used for clustering and/or embed
Missing values: 0

500
PT T d| | ZECECECINURG FICICRTIUICICIUN S SCICIOCIOIIOIE 3] R IOTOSOSKon.
300 i i
SRR SEEEE FEEEEEEE EEEEEEED EEEEE: :
B':D O Wireframe # Balls & Sticks # Dots S| EREI SHETREIEE e e
[+] . - i i i
Feature: ILCSO_mmoI EI M Label o 250 soo 750

Il 9.67 1-Benzylpyridinium 3-sulfonate Datasetl




e
~

knime-in|

Cluster: Single cli Dataset:

Num compounds: 579 Num compounds: 579

3D Alignement:  No Clust Cluster algorithm: No Datas
82 3-Methyl-3-pentanol LC50_mmol_log:  [-6.38; 2 3D Embedding; Sammon

2-cyariopyridine 3D Embedding Quality: good (r™

2-Methoxyethylamine
Cyclohexanol
0.87 3-Acetamidophenol

Compound:
0.99 1-Benzylpyridinium 3-sulfonate

0.88 tert-Butyl methyl ethe Endp;oiln?:: LC50 —
0.88 3-Amino-5,6-dimethyl- 1 Species: fathead
0.89 Isopropyl ether ¥ ChemcClass_FHM: Pyridines
0.94 S-Chlolro-z-pyridinol = CLOGP: -99.99
0.98 2-Picoline - MLOGP: null
0.99 1-Bengylpyridinium 3¢ [ Predicted LC50.mg: 2410
< | [ LC50_mmol: 9.67
] ActivityOutcome_EPAFHM: active
M Superimpose ActivityScore_EPAFHM: 21
\ LCS0_Ratio: 1.39
A LCS0_Note: null
MOA: MOA not
MOA_Confidence: null
MOA_MixtureTest: null
ExcessToxicitylndex: 0 —
FishAcuteToxSyndrome:  null
FishBehaviorTest: Conflictir
Note EPAFHM: null
Lcso mmol log: 099
LCS0_mmol_log (predicti... -1.53
I — EIEI
LCS0_mmol_log
| [ Included in Dataset
H [e] hi [e] ht two features Usage: NOT used for clustering andfor embed

Missing values: 0

at once to detect high
prediction errors g
B=D O Wireframe # ;

A\
Feature: |LC50_mmoI_Iog

{ |

Sticks # Dots \
[~]| M Label

{8
|
|

|
oll_—i ==
6 -5 -4 -3 -2 -1 o0

P

| .
1 3 ST

1 2 3
ll 0.99 1-Benzylpyridinium 3-sulfonate Da!aset]




More features

Export clusters/compounds/features
Export high-res images

Access ChEMBL database

Save and share embedding settings

Data tables to browse through raw
compound/feature/cluster data

Command line interface

Configurable highlight and view settings
Adjust highlight color gradient
Enable log highlighting
Switch between sphere and atom-color
highlighting
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Quotes about CheS-Mapper

... @ very niece piece of software.
Basil Hartzoulakis, PhD, Xention Ltd, Cambridge

You help to make me look like a genius to my bosses ... this
is the only open source tool I know of that is usable by a

regular bench chemist.

Kerry W. Fowler, Ph.D., Senior Scientist
Kineta Inc, Seattle

CheS-Mapper has come in handy.

Kaushik Hatti, Vittal Mallya Scientific Research
Foundation, Banagalore

I am very impressed by the ches-mapper software ... the
tool is very effective to spot trends of a chemical group
Hiroshi Nara, Organic chemist, Japan

thanks for the gorgeous ches-mapper.
Santi Villalba, University College Dublin

Many compliments because we have found that it is highly

useful and well working.
Prof. Paola Gramatica, University of Insubria

OpenTox Euro 2013 - Martin Gitlein - CheS-Mapper /




