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ToxPredict guest

OpenTox demo application Admin

Step 1: Search Step 2: Verify Step 3: Models Step 4: Estimate
Select structure(s) structure Select prediction Estimate

Verify structure models

Step 5: Results
Display results

chosen to run. You could also retrieve the ToxPredict report in various other formats, e.g. SDF, CML, SMI, PDF, CSV, ARFF,

P
[
; This page lists your ToxPredict workflow results for the structure(s) you have selected and the model prediction(s) you have
[
: RDF/XML or RDF/N3.

Download as Gf

CAS RN 71-43-2

EINECS 200-753-7

IUPAC name benzene

Synonym (6)annulene; benzine; Benzol;, Benzolene;

bicarburet of hydrogen; carbon oil; Coal naphtha;
cyclohexatriene; mineral naphtha; motor benzol;
nitration benzene; Phene; Phenyl hydride;

pyrobenzol.
Synonym 21742.0
Synonym Benzene
Synonym benzene
Quality label OK

MolecularWeight +**MolecularWeight
MW 78.1112
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Liver Toxicity
Secondary Metabolites
Interaction with the hERG Channel?
Renal Clearance
Bioavailability
Mutagenicity
Carcogenicity
ReproductiveToxicology
Skin Irritation

Aqua Toxicity

Combined predictions for arrays of
mutiple end points

Increasing demands on industry to satisfy safety evaluation and risk

assessment required by REACH legislation.
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Challenges to in silico Applications

» Lack of public standards, ontology

* Toxicity data collected in many
different databases using different
formats, frequently incompatible with
computer programs

* Many databases lack important
information for in silico modeling
(e.g. chemical structures)

* Hard to integrate confidential in-
house data with public data for model
building and validation

» Models have been published in a
variety of different formats (ranging
from simple regression equations to
complete computer programs)

* Need for New Business Cases

—
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» There is no straightforward
integration of predictions from
various programs

* No commonly accepted framework for
validation of in silico predictions,
many tools provide limited support
for reliable validation procedures

 Application, interpretation, and
development of in silico models is
still difficult for most toxicological
experts

* It requires a considerable amount of
statistical, cheminformatics and
computer science expertise -
procedures are labor intensive and
prone to human errors




Compelling Needs of Users

Multidisciplinary R&D

Transparency -
Not Black Box!
Mechanistic QAR &
ational Expert Workflows
ationale Systems
Automated Applicability :
Integration Domain Lalizbies
gé"‘-__"z:--“--" Communicated to OpenTox in 2009 by
OpenTox Stephanie Ringeissen (L’Oréal)




Compelling Needs of Users

Integrated Testing
in vitro

Read Category
Across Formation

REACH Reporting Applicability e Human
(QPRF, QMRF) Domain Validation | i
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Ontology and Data - Interoperability

— Adaptor Challenge in Jeddah, 2008
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Interacting Components create Solutions
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OpenTox Components

Compounds: Structures, names, ...

Features: Chemical and biological (toxicological) properties,
substructures, ...

Datasets: Relationships between compounds and features
Algorithms: Instructions for solving problems

Models: Algorithms applied to data yield models which can be used for
predictions

Validation: Methods for estimating the accuracy of model predictions
Reports: Report predictions and models e.g. to regulatory authorities
Tasks: Handle long running calculations

Authentification and Authorisation: Protect confidential data

—
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Overview of Application Programming Interfaces

Dataset

GET
POST
PUT
DELETE

Feature

GET
POST
PUT
DELETE
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Report

GET
POST
PUT

AppDomain DELETE

GET
POST
PUT
DELETE

Model

GET
POST
PUT
DELETE

(0]7] (o] (1Y

GET
POST
PUT
DELETE




Representational State Transfer (REST)

What?

» Architectural style for distributed information systems on the Web

« Simple interfaces, data transfer via hypertext transfer protocol
(HTTP), stateless client/server protocol
— GET, POST, PUT, DELETE

« Each resource is addressed by its own web address
Why?
« Lightweight approach to web services

« Simplifies/enables development of distributed and local systems

« Language independent

—
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Semantic Reflections

4 “Now! ... That should clear up
S a few things around herel"
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Interoperability & Vocabulary

e Collie
e Labrador

e Siamese
e Persian

UoajeIasuFsIEIS)|

e Owl
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Interoperability & Vocabulary

chase
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Interoperability & Ontology

Org A

—

chase

Org B
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OpenTox committed to creating a Semantic Web for Predictive

Toxicology (with its APl 1.1 development in 2009)

Linked Data is a term used to describe the exposing, sharing, and
connecting of data on the Semantic Web using:

URIs a generic means to identify entities in the world

HTTP a simple yet universal mechanism for retrieving resources

RDF a generic graph-based data model with which to structure and link data

Linked Data needs:

1. Provision of a URI that describes a Data Resource

2. Use of HTTP to retrieve useful data from the URI

3. AData Format described with standardised
semantics (so relationships are enabled) e.g. RDF

4. Data should provide links to other Data (through
URIs)

Linked Data approach can also be applied to
other resource types e.g., for algorithms or
models as done in OpenTox... Linked Woatae (e e
Resource approach enables Knowledge approach applied to
Creation, Combination and Analysis Wikipedia

OpenTox =




Solution created by Linked Open Data, Web
Appllcatlons and Crowdsourcing

Haiti Earthquake Crisis Response (2010)

wiki.openstreetmap.org

="‘":"‘--:_“-;..--
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http://wiki.openstreetmap.org/

OECD Principle OpenTox addresses Validation
Principles by...

Defined Endpoint providing a unified source of well defined and
documented toxicity data with a common vocabulary

Unambiguous providing transparent access to well documented
Algorithm models and algorithms as well as to the source code

Defined integrating tools for the determination of applicability
Applicability domains during the validation of prediction models

Domain

Goodness-of-fit, providing scientifically sound validation routines for
robustness and the determination of errors and confidences
predictivity

Mechanistic integrating tools for the inference, correlation or
interpretation prediction of toxicological mechanisms and the
(if possible) recording of opinions and analysis in reports

—
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OpenTox is an Integrating Framework

» Toxicity Data (Linked)
e in silico models

Framework  Validation & Reporting
 Interpretation aids
» Toxicolog, Biolog, Chem - ists
. o Computational Scientists
Diverse Access

e Interfaces for new algorithm
development & integration

e Promote Standards

e Core Open Source Components

Interoperability . support Ontologies &

Integration of Multiple
Resources

———
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Journal of Cheminformatics Publication

Collaborative development of predictive toxicology applications
Journal of Cheminformatics 2010, 2:7 doi:10.1186/1758-2946-2-7

Barry Hardy, Nicki Douglas, Christoph Helma, Micha Rautenberg, Nina
Jeliazkova, Vedrin Jeliazkov, lvelina Nikolova, Romualdo Benigni,
OlgaTcheremenskaia, Stefan Kramer, Tobias Girschick, Fabian
Buchwald, JoergWicker, Andreas Karwath, Martin Gutlein, Andreas
Maunz, Haralambos Sarimveis, Georgia Melagraki, Antreas Afantitis,
Pantelis Sopasakis, David Gallagher, Vladimir Poroikov, Dmitry
Filimonov, Alexey Zakharov, Alexey Lagunin, Tatyana Gloriozova,
Sergey Novikov, Natalia Skvortsova, Dmitry Druzhilovsky, Sunil Chawla,
Indira Ghosh, Surajit Ray, Hitesh Patel and Sylvia Escher

Open Access publication available at
www.jcheminf.com/content/2/1/7
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ToxPredict guest

OpenTox demo application Admin

Step 1: Search Step 2: Verify Step 3: Models Step 4: Estimate
Select structure(s) structure Select prediction Estimate

Verify structure models

Step 5: Results
Display results

chosen to run. You could also retrieve the ToxPredict report in various other formats, e.g. SDF, CML, SMI, PDF, CSV, ARFF,

P
[
; This page lists your ToxPredict workflow results for the structure(s) you have selected and the model prediction(s) you have
[
: RDF/XML or RDF/N3.

Download as Gf

CAS RN 71-43-2

EINECS 200-753-7

IUPAC name benzene

Synonym (6)annulene; benzine; Benzol;, Benzolene;

bicarburet of hydrogen; carbon oil; Coal naphtha;
cyclohexatriene; mineral naphtha; motor benzol;
nitration benzene; Phene; Phenyl hydride;

pyrobenzol.
Synonym 21742.0
Synonym Benzene
Synonym benzene
Quality label OK

MolecularWeight +**MolecularWeight
MW 78.1112



What you can do with i

r
(@ Models - Mozilla Firefox

(=lE =]
File Edit View History Bockmarke Tocle Help
@—- ) http://apps.ideaconsult,net:1 80/ ToxPred ct/user/d396263h- d7 c-1fec-8b58-15e38 MeT rol/ Afstep3 7 | |8 Google =
() Disabler £ Cookiesw | CS§ = | Forms= ¥ Imagess () Information ) Miscellaneous . Qutliner | | Resizer . Tocls 2] View Sourcer 7 Options~ O O
- guest Tl
oxrredic oo
OpenTox demo application Admin
Step 1: Search Step 2: Verify Step 3: Models
structure structure Select prediction
Verify structure models N EXT
. . Training .
Endpoint Model Descriptors oot Algorithm
?‘E'—‘Ppe"“’* model created with ves @@ @ T Elhup://opentox.informatik. tu-muenchen.de: 8080 3
TUM's kNNregression model <3 JopenTox-dev/algorithm /kNNregression
learning web service.
oxTree: Benigni/Bossa rules S g .
! ! _ ToxTree: Benigni/ Bossa rules for carcinogenicity and
[Carcinogenicity for carclqogenlcww and mutagenicity
mutagenicity
Pissociation constant .z, _ pKa
(pKa)
Endpoints f"ﬁ[nx:[ree: .Struclure Alerts fo.r _ ToxTree: Structure Alerts for the in vive micronucleus
P the in vivo micronudeus assay in assay in rodents
rodents
Endpoints # ToxTree: Michael acceptors - ToxTree: Michael acceptors —
Eye - . - N ) Ao
rhtation/corrogion [ IroxTree: Eye irritation ToxTree: Eye irritation
Human health effects i:;!“-rme: Extended Cramer ToxTree: Extended Cramer rules
#“[IroxTree: ILSI/Kroes decision _ e 5 . 3 )
Human health effects tree for TTC ToxTree: ILSI/Kroes decision tree for TTC
[Skin irritation P - ahtn i
/corrosion 7“1/ ToxTree: Skin irritation ToxTree: Skin irritation
Done - @
L

Simple building of predictive toxicology
applications based on well-established
methods and databases

——
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What you can do with it ...

- i
@ Models - Mozilla Frrefox (=[5 e

File Edit View History Bookmarks Tcols Hlslp

- c £y ([E ntipyiappsidesconsult.net: €180 TosPredict/user/4386263b-07 c-bec-8b38-1 538 Vel celfAstep3 77 - [2q- Googie P

7

(@ Disabler £ Cookiess || S5+ =] Forms= @ Images+ () Information= (1 Miscellaf
[F] Models -

ToxPredict

OpenTox demo application

Step 1: Search Step 2: Verify Step 3: Models
S E structure Select prediction
Verify structure models

Endpoint Model Descriptors
#TDpenTox model created with
TUM's kiNNregression model YES

learning web service.

oxTree: Benigni/Bossa rules
[Carcinogenicity for carcinogenicity and -
mulagenicity

Dissociation constant
- #pka -
(pKa)

T IroxTree: structure Alerts for

Endpoints the in vivo micronudeus assay in -
rodents

Endpoints # ToxTree: Michael acceptors -

Eye

rritation/corrosion [ IroxTree: Eye irritation -

Human health effects 4 iToxTree: Extended Cramer

rules
‘:’?fi IroxTree: ILSI/ Kroes decision
H health effect: o -
uman nhea efrects tree for TTC
[Skin irritation F ToxTrea: Skin irritati _ b
fcarrosion oxiree: nrritation v
Done

Simple building d
applications Distributed applications, integrating

methods andl  Wide range of data, models, prediction
methods
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What you can do with it ...

- i
@ Models - Mozilla Frrefox (=[5 e

File Edit View History Bookmarks Tcols Hlslp

@—- ) http//apps.ideaconsult,net:1 80/ ToxPred ct/ussr/d996263h-d7 c-1fec-8b58-15e38 26T rd/ Afstep3 77 | |- Google =l ‘

(@ Disable- 2 Cookies || €88+ =] Forms= @ Images= () Information= 1 Miscella \ .r-\_ar)l P,\.-‘.L ,‘)
" ~ N

FE Taverna Workbench 2.1.0 -8 X
Flle Edt Insert View Wordflows Advanced Help

ToxPredict T e

OpenTox demo application

Service panel Workflow diagram
Step 1: Search Step 2: Verify Step 3: Models _ P ]
Select structur: structure Select prediction s Qe v EE@O BM 8

.

Verify structure models

Import new services |
* @ Avallable services 4 |
* (@ Service templates

@ Beanshell -A s
Endpoint Model Descriptors
@ Rshell - A servi
#TIopenTox model created with £k Spreadsheati
TUM's kiNNregression model YES b string conctar
learning web service. v @ Local services
— » [ bases!
oxTree: Benigni/Bossa rules [ ] 2 v
[Carcinogenicity for carcinogenicity and - 12 =
mutagenicity
Dissociation constant Details
Fi -
(pKa) #ipica Workflow explorer
T “IroxTree: Structure Alerts for Workflows .
Endpoints the in vive micronudeus assay in - £ Workflow input ports
rodents * & Workflow output ports
" resul
Endpoints [ ToxTree: Michael acceptors - v J-;:;:;
Eye N ) - - v 8 algorithm_uri value
rritation/corrosion ’QKDTDKTTEE. Eye irritation Fipigas
) v & apply_model to_tes|
Human health effects ﬁ;!oxTree. Extended Cramer  _ @}9:2{_““_5_"‘”_“
#[IroxTree: ILSI/Kroes decision g o
Human health effects g # model_uri
tree for TTC  result_dataset
[Skin irritation P @, result_uri
reorrosion i ToxTree: skin irritation - v sk pseword
1 message
[of 2 title
one ®, answar
L v £ ask_usemame
{ 2 message

22 title
o, answer

Simple building d i o |
applications Distributed

methods and| Wide range o
methods

Integration into workflow systems for
computational biology
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ToxCreate

¥ ToxCreate - Mozilla Firefox ;Iglﬁl

Datei  Bearbeiten  Ansicht  Chronik  Lesezeichen  Extras  Hilfe

v c M ITC|http:J',fwww.toxcreate.Drg.l'create o "."'|GDDQ|E 7 @'

J TC ToxCreate | =+ | F

Create and evaluate models to predict toxicity

ToxCreate

This service creates

User: guest
» lazar classification models and
» lazar regression models
from your uploaded datasets. Further modelling algorithms will be added in future versions.
Please read the instructions for creating training datasets before submitting.

Select training data in Excel or CSY format:
l;lIvergleich\tmp\hamster_carc:inugenic:ity.csv Durc:hsuc:hen...l

Create model | Cancel

You are currently logged in as guest and your models can be modified or deleted by other guests. Please log in
with your OpenTox account to control your model permissions.

© in silico toxicology 2009-2010, powered by OpenTox

-
—
E—
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ToxCreate

¥) ToxCreate - Mozilla Firefox =10/ x|

Datei  Eearbeiten  ansicht  Chronik  Lesezeichen  Extras  Hilfe

= c M WY ITC |http:,l’,l’www.toxcreata.org,l’mode\s birdid I-" - | Google J‘II @

J‘ TC ToxCreate I—_| F

Create and evaluate models to predict toxicity

ToxCreate

User: guest

Get an overview about ToxCreate models. Parts of this page are refreshed every 5 seconds
to update the model status.

Hamster Carcinogenicity  cait)

Status: Completed{delete)
Training compounds: 85
Algorithm: lazar
Type: classification
Descriptors: Fminer backbone refinement classes
Training dataset: Excel sheet , YAML (experts)
Feature dataset: Excel sheet , YAML (experts)
Model: QMRF Editor, YAML {experts, models cannot be
represented in Exceal)
Validation:
Detailed report: show
Number of predictions: 69
Correct predictions: 52.68 9%
Weighted area under ROC: 0.935
Specificity: 0.143
Sensitivity: 0.865
Confusion Matrix: Measured
active inactive
active 32 5
Predicted =
inactive 7 25
e =
-_-'h
— © in silico toxicology 2009-2010, powered by OpenTox El

OpenT X
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ToxCreate

¥) TorCreate - Mo:

a Firefox 10l x|

Datei  Bearbeiten  Ansicht  Chronik  Lesezeichen Extras  Hilfe

|NNC1CCCCC1 F o

v c P (BT ITC|http:,i,l’www.tnxcreate.nrgJ‘Iazar#lazar_a\gnrithm

J TC ToxCreate ﬁ | # 4 phenylhvdrazine (CHEBL:27324) = | =+ |

Create and evaluate models to predict toxicity TOXCreate

User guest
New prediction

[Carcinoge
N

N
] Names and synonyms
C/ lactive [V et Significant fragments

Supporting information

o
\L | - Names and synonyms
N ! Significant fragments
N
i
N
N inactive 05 Names and synonyms
! significant fragments
o
/N - b5 Names and synonyms
N ractive ' Significant fragments
o
[
/N
N bnact o5 Names and synonyms
M [EIEERAS ' Significant fragments
-
o
[

Y\_‘/N
inactive 0.5 Names and synonyms
pr

Significant fragments

N
o=
i"-'----"_-___l- ‘l‘l
——

—

O P e n I x _— in silico toxicology 2009-2010, powered by OpenTox
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ToxCreate

@ crossvalidation report - Mozilla Firefox @E‘éj

Datei Bearbeiten Ansicht Chronik Lesezeichen Extras Hilfe
D' c Q L1 http:,-’,-’opentox.informatik.uni-freiburg.dej\falidation\'"."'r - |- Google R @ Ca

|| Crossvalidation report X |t =

Crossvalidation report

m

Created at 03.24.2011 - 18:21

Mean Results

Table 1. Mean Results

Crossvalidation uri http://opentox.informatik.uni-freiburg.de/validation/crossvalidation/50
Algorithm uri http:/fwebservices.in-silico.ch/algerithm/lazar
Dataset uri http://webservices.in-silico.ch/dataset/88
Num folds 10
MNum instances 51
Mum unpredicted 9

Root mean squared error 1.25 +- 0.19
Mean absolute error  1.00 +- 0.034
R square 0.42 +-0.11

Regression Plot

Figure 1. Regression plot

Regression plot

g T T T T T T T T

Actual values
o
T

Predicted values
Y

4.:..-—-.‘____- fold1 4 fold3 % folds m fold 7 fold 9 2
———— 1| I | L
-—-," - -»

OpenT X =
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ToxCreate

r B
@ crossvalidation report - Mozilla Firefox -l E@ﬁ
Datei Bearbeiten Ansicht Chronik Lesezeichen Extras Hilfe
D' c ﬁ |_| http://opentox.informatik.uni-freiburg.de/validation 1.7 "'l" Google Pl %
| Crossvalidation report X |k -
Predictions
Table 4. Predictions
4 actual predicted confidence d-uri
compoun wvalue wvalue wvalue compound-uri
o N http://webservices.in-silico.ch/compound/InChI=15/C20H18CINOE
6.47 2.99 0.41 c1-10-7-12-14(21)9-13(17(23116(12)20(27128-10)18(24)22-15(18(25"
L o h2-6,9-10,15,23H,7-8H2,1H3,(H,22,24)(H,25,26) P
0
o# o
Cl
Cl
3.56 4.74 0.47 http://webservices.in-silico.ch/compound/InChi=15/CSH3CIS/c1-2(4(7
Cl
Cl
Cl
F
F c
1.81  4.29 0.47 http://webservices.in-silico.ch/compound/InChI=15/C2HCI2F3/c3-1(4)
F
Cl
0 ]
\,,TI
N N
http://webservices.in-silico.ch/compound/InChI=15/C2HSN503/c1-6(5
I Y 5.26 5.26 0.41 H2,3.41
N
- \N
0]
— e N"(
S e e /0
—— « 1 g
—
P eniox —=
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Reporting (Qedit)

o Document 1 ==

[ 1. Substance T 2. General Information T 3. Prediction T 4, Adequacy Info ]

_[ Model T Prediction T Applicability Domain ]

Model Information

/ A 5] @ ® ®
Model Info, Algorithm Info. Predicted Feature Dependent Feature = Download Model Info Find Models Online...
Model & Training Dataset : Model Version Info :
Model Version
@ Link to Model Resource : http:/jopentox.ntua.gr:3000/modeljedl 32ed1-0438-4daa-9as37-d| | [} ?
& Link to Training Dataset : http:/fapps.ideaconsult.net:8080/ambit2/dataset/54 Ip ?

Training Algorithm :

Algorithm Mame : | Multiple Linear Regression Training Algorithm I

& Link to Algorithm Resource : | http:/fopentox.ntua.gr: 3000/algorithm/mir L) ? Model Date

Predicted Feature : |_J Use current date

Predicted Feature Name : http://apps.ideaconsult.net:8080/ambit2/feature/28337 I Year: |[2010 v
& Link to Feature Resource : | http://apps.ideaconsult.net: 3080/ambit2/feature/28337 ) T Month:  |January _

Day: |1 v

Related QMRF Report :

QMRF Report (reference) :

QMRF report discussion :

=-'--
—

OpenTO = Application by Pantelis Sopasakis (NTUA)
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Reporting (Qedit)

& /hi hung/Desktop/ph barn

[ A8 SubstanceT 2. General Informatiorq 3. Prediction ]' 4. Adequacy Info ]

[ Model | Prediction [ Applicability Domain | Compound Details

Compound Details

3.3. Applicability Domain Info.

Name Applicability Domain Estimation Algorithm Used : & URL: http:/fambit.uni-plovdiv.bg:8080/ambit2/compound/51 00/conformer/510(

Smiles: [Ca+2].CCC1(C(=0)NC(=NC1=0)[0-])C2=CCCCC2.CCC3(C(=0)NC(=NC3=
Link to Applicability Domain Resource :

Inchl:

3.3.b. Structural Analogues InChl Key:

CAS number: 143-76-0

- —_—
Add Compound 2l Similarity Level: 0.95 Acquire List of ) - -
Wizard Remove Clear List Analogues Compound Info Chemical Name:  calcium bis[5-(1-cyclohexen-1-l)-5-ethylbarbiturate]
List of Structural Analogues (URIs) : Image of structural analogue 3.3.c. Consideratio Einecs: | 205-610-2
| Chemical Name | Experimental Value | | r || REACH Reg. Date:
| phenobarbital,Phen... Al
5-methyl-5-phenylb... ‘ o o
‘ methylphenobarbit... Available Conformers (Links):
5-allyl-5-phenylbarb théN
| primidone, Primaclo 0. ‘ http://ambit. uni-plovdiv.bg:8080/ambit2/compound/5100/conformer/5100
| ‘0’ N 0 http://ambit. uni-plovdiv. 080/ambit2/compound/5100/conformer/105301
| 5-ethyl-5-(4"-hydrox... o http://ambit.uni-plovdiv.bg: 8080/ambit2/compound/S100/conformer/181274
barbexaclone N
\ 1,3-dimethyl-5-phen... [ 0
5-ethyl-5-phenylbar... i€
T SRR PR e DS L&

[7 @ Close [ L ~ Apply Changes and Close j

Discussion

Applicability Domain Result: &

3.3.a. Choose Domain : [Mét;lglizﬁaa{n

=
OpenTox =  Application by Pantelis Sopasakis (NTUA)
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orting (Qedit)

A

fhome/chung/Desktop/phenobarn

_[ 1. Substance T 2. General Information T 3. Prediction T 4, Adequacy Info ]

Compound Info

= < ®
Save CML Sawe RDF | Compound Details | Download Compound Info
Structure Image

Search for compound (Provide any Keyword like its chemical
name, CAS Registration Number, Smiles etc or provide its URI)
@

@ Link to Dataset containing descriptors

Q 9]
Compound Name(s) (Synonyms]:
phenobarbital.Phenobarbital.PhenobarbitoI.ElARElE|K l 4 Add Synonym J H’N N“‘H
PHENGBACA \H/
PHENOEAMG | = Remove Synonym | I
FHEMCEARE Jv
ELS T l [ Clear All J
Descriptors Lock your report Efllatures of the Substance
y You can lock your report so that it will not be opened by the editor :
+ - % & unless a passphrase is provided, However this should be considered a jis{roliasl]fgral:f:;essutgsatta?caey affect
low strength security measure! Ll
Descriptor | Walue
Passphrase:
************»1
oK Cancel
E—

OpenTo

=
= Application by Pantelis Sopasakis (NTUA)
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Linked resources:

Compound, Algorithm, Model, Dataset, Features

Model

Dataset

‘i MIp:i]Joperm:J.'\nlurmﬁl:.tu-muemhen.de:!l]MfﬂpenTuxdEu.’mud:lﬂUMDpﬁlTuMude\_PW r es o u r C e R
Ble Edit Viw Hitoy Bookmars Tooks Hep % e X o @ st esource
v e “1\ || htp:/opentoxinformatik befEnchen.deB081)/ OpenTox-dev/model TUMOpenTodModel 1 7 - "l el S Disber & Cooloes” €55 =) fams: 3 images O bformaton | Mcelaneaus o/ Outine | Reser - Took (2 iew Source
_ ) B [ btpdfapps ideaconsult net-B080/am.. |
© Disble: & Cookies | €5 = Foms~ (X Images- () Iformation */ Miscelenous® ./ Outiner , 3 Resize™ * Tooks 12 View Sourcer - Ogtionss o/ 4 @ w
it e - vhttp:llaxps.ideaconsuIt.nel:808ﬂlambit2!dataseUR545 <4 4 =
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Linked resources:

Compound, Algorithm, Model, Dataset, Features

Dataset
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Make the model available

Register at OpenTox ontology ﬁ
Service Model servic

— RDF triple storage
— Accepts HTTP POST
— SPARQL endpoint

Curl -X POST -d
“uri=http://apps.ideaconsult.

/model/{id} | yrre poST

Ontology service

[
[

Published models,
Algorithms,

Ontologies,

metadata

net:8080/ambit2/model/57”

http://apps.ideaconsult.net:8
080/ontology

Becomes visible for applications

— ————
——

OPenTOX |deaconsult Ltd.



http://apps.ideaconsult.net:8080/ontology
http://apps.ideaconsult.net:8080/ontology

Need for communications in the community
overcoming different languages and vocabularies

So now | have
explabned our
pame, how does
yours work?

——

- From Conservation Project Trip in Caprivi Delta

—
—
T —
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http://barryhardy.blogs.com/theferryman/2009/02/experiences-from-expedition-work-in-the-caprivi-delta.html

Collaborative Ontology Development:
Collaborative Protege Server

OpenTox
API 1.2
ontology

Collaborative
OpenTox

features,
agorithms

ontology

="‘"'"‘--:_“-;..--
OpenT =

OpenTox Toxicological
Data Ontology

5 toxicological endpoints

Project

All Organ Systems
Collaborative Opentox
OpenTox AP .2
ToxLink

Toxicological Ontalogy

OpenTox

Organs
Ontology

(ITEM)

ToxLink
ToxCast assays
ontology




ToxML: conversion in OWL ontology

» Initial work to check out how costly would be to convert ToxML to an OWL ontology

> Why:

»-to integrate the Leadscope databases in the OpenTox service

»-to combine with data coming from different databases (e.g. for complex queries)

ToxML

xsd
schema

Procedures:

>

each element which
doesn't have a type in the
schema is converted to an
OWL class

each element which has a
type in the summary file is
considered as a property

the parent relationships
are kept

=

OpenTg;

Protégé OWL

File Edlit Project ol Fea=sonin

= EH o B E -

B tetadatar Toxicity) |/ O Clas

For Project: % CarcinogenicityStudies

Asserted Hierarchy

ol Thing

t=: Chata

[ 3 t= Compound
t= ControlTyvpe
t=Inexact " alue
t= Cuuantity
t=RegulatoryTestType
t= ResultFindings
t=Sex
t=: TestCall
t= Typedywalue

www.opentox.org/dev/ontology/collaborative protege

Some parts of the
taxonomy may need to
be reorganized

Needs for extensions: e.g.
target sites, target cells,
species are free text fields.
Solutions:

development extension in
OWL, e.g. Organs Ontology
has been developed
importing of parts of the
neighboring ontologies



http://www.opentox.org/dev/ontology/collaborative_protege

Toxicological Endpoint Ontology Development

ToxML schema Other publicly available resources:

DSSTox, GoReni (ITEM), ISSCAN ...

i CPOBxml | s olgaxml | b mapping. * s UntitlE---‘|
|> A [isscanxm 0[] B B = 3

= [# 1ssCAN.xmI
=& Compounds
@ xmlns:xsi
@ xsi:noNamespaceSchemaLocation O t l gy D I p t
=& Compound n O o eve 0 men
@ wersion
i lds
& Otherlds
-& MNames
i Formulae

=& ToxicityStudies O T
@-& BacterialMutagenesisStudies pen OX

ChronicStudies

AquaticTaxicityStudies

= & CarcinogenicityStudies . )
Toxicological Clomnysusesrypes <

=& Study
/X

CarcinogenicityStudies

L stuayCalls
o & Tests Y

S-ala Test

e Ontology

o p
. & Sex
=& TestResults
= & EndPoints
. =-& EndPoint
i ; Type
=& Value
w8 Value
& Units

= & TestCalls
#-aka Call

Py
& StudyType D
# & Entryinformation q ) A
@i Background E n d poll n t 4 ToxicityStudies I i BacterialMutagenesisStudies
: N

TargetSites

Protégé

& Datasets
=& Structure
#-& MolecularFormula
- Molfile

=-& Smiles

Re-use of terms defined in

neighbouring ontologies (e.g. OBO)

——
—

OpenTg);

www.opentox.org/dev/ontology/collaborative protege

InvivoMicronucleussStudies

Collaborative

Environment


http://www.opentox.org/dev/ontology/collaborative_protege

Toxicological Ontology: graphical representation

.r;{eta'"’.ﬁ

N I LS .-"_"'-|_=':-:- Al o
irtravenous s 1= ﬁ-‘-ll:‘.‘“:l‘l' a
@ subcut \ AL G P kgusStu I
Wintrap .Eﬂ ala ?n "~ Bhsa"' RHATET %? |25
yCagnpaen t%mgées
" injection \,‘ /.metabnllc |nn‘~f§; @:} AN = male
: /&3 icity St s .
/ | - Tl argetSite
ﬁu,t\e_} exposure | ~ 0_Rat
% i\i b H MoLuse
’E:A-cthr ncernLeveI
‘““.Tnxmt‘g ___E'.S VE .S@EEH: — i e D oMag
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OpenTox Organ Ontology Development

- organ ontology consisting of 12 very detailed organ systems

pl:circulatory_system
O

p2.digestive_system

p3:Endocrine_systems

p4:1ema|e_genitalgr_s;slem""'r

p&:hematopoietic_system
O 2 / / / \ S
/ 14 \ ; p13:urinary_system
/ f \ \ '

p7:immune_syﬁem_anggmnphatic_organs // / \ \ \
(0] i \ \ p12:soft_tissue_antl, %Jsculoskeletastiem
/ \ \

/ / | piirespiratory_system
pa:integumentary_system |
O ‘.“' p10:nervous_system_and_special_sense_organs
pg: male_gerjtal_system
o

- effect ontology, which is linked to the organ ontology
- comprehensive review by FhG pathologists, who have been involved in
the INHAND process

——
—

OPenTo ¢ = ~ Fraunhofer




OpenTox Organ Ontology

; all organsystems
- g

V

pathological effect ‘ organsyste

: o/
|

.

diagnostic feature 5
Class of effects '

diagnostic feature 6

= ~ Fraunhofer

\

OpenTg;



A Toxicology Ontology Roadmap

In Preparation by: Barry Hardy (Douglas Connect and OpenTox),
lan Dix (AstraZeneca & Pistoia Alliance), Sherri Matis-Mitchell
(AstraZeneca), David Cook (AstraZeneca), David Heard (Novartis),
Dominic Clark (EMBL-EBI), John Overington (EMBL-EBI), Philip
Judson (Lhasa), David Watson (Lhasa), Anne Hersey (EMBL-EBI),
Andrew White (Unilever), Loca Toldo (Merck KGaA), Gordana Apic
(Cambridge Cell Networks), Imran Shah (US EPA), Chihae Yang
(Altamira), Dave Bower (Leadscope), Ola Spjuth (Univ Uppsala),
Janna Hastings (EMBL-EBI), Philip Carthew (Unilever), ----

“:"'“::-
OpenT i



ToxLink: ToxCast Ontology

<4 ToxLink Protégé 3.4.3 (rmi://opentox/ToxLink)

File Edit Project OWL Reasoning Code Tools Window Collaboration Help

NeE +BE vd ¢ el <>

| @ Metadata(EPANCCTAssayOntologyl.owl) | © OWLClasses | MMl Properties | 4 individuals |

m CLASS EDITOR for Assay (instance of owl:Class)
For Project: @ For Class: | http://www .semanticweb.org/ontologies/2010/4/EPANCCTAssayOntology1.owkAssay

Asserted Hierarchy w lf} & lj @ ﬁ [E rjg

owl: Thing Property
0 Assay 1 rdfs:comment
) AssayComponent
v @ AssayParameter
) AssayCode
) AssayReadout
O AssayTarget
) AssayTechnology @ @ Q} &
@ BioEffect
) Biolnteraction
v ) BioProcess
) Disease
& Phenotype
v ) BioTissue
@ cell
& Organ
@ Organism
@ Tissue
v O GeneBag
@ GOCategory
O Pathway & e

owl: Thing

h”_
—
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http://www.opentox.org/dev/ontology/collaborative_protege

Example: ToxCast

Dataset service at
http://ambit.uni-
plovdiv.bg:8080/ambit2/dataset

File Edit View History Bookmarks Tools Help

6 ¢ i | X I £

(@ Disabler £ Cookies | €55+ ] Forms= 9| Images (@ Information® ) Miscellaneauss -/ Outliner ;: Resize™ f’TooIr Q ViewSourcer .~ Optionss &/ @

Q <‘6 @ http://ambit.uni-plovdiv.bg:8080/ambit2/ dataset?search=ToxCast

oxPredict TTC Depiction Datasets Chemical compounds Similarity Substructure Algorithms References Features Templates Models g_

layground Help
. ToxCast

~ Jmhlt

- . I . ” . This site and AMBIT REST services are under development!
E6 PP gRGe BEDN «} Toxcast ACEA 20091214.txt
J_ o PP adge g B %) ® =} ToxCast Attagene 20091214.txt
E@LP @G @« BHE M roxcast pioseek 20091214.0xt
J_ o PP Baage g {5 & 8 4§ Toxcast cellumen 20091214.txt
EOLP @@= 8HEE 8 roxcast celizbirect 20091214.00¢
J_ 9 PP a@Ge= a B &) ® =} ToxCast Gentronix 20091214.txt
= 9 PP aBGe BEES @} Toxcast NCGC 200912180
J_ 9 PP GGG B B &) ® =} ToxCast Novascreen 20091214.txt
B 9 PP aBGe ap 1) ® =} Toxcast solidus 20091214.6¢
H0L,L @@= BBE M 1oxcast ToxRelDB 20091214.0¢

Add new dataset (SDF, MOL, SMI, CSV, TXT file)

Import properties (SDF, MOL, SMI, CSV, TXT file) <

4 " | +

% Find: Next Highlight all [¥] Match case

€ P

Previous &

Query an OpenTox ontology service at
http://ambit.uni-plovdiv.bg:8082/ontology

PREFIX ot:<http://www.opentox.org/api/1.1#>
PREFIX ota:<http://www.opentox.org/algorithms.owl#>
PREFIX owl:<http://www.w3.0rg/2002/07 / owl#>
PREFIX dc:<http://purl.org/dc/elements/1.1/>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
PREFIX rdf:<http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX otee:<http://www.opentox.org/echaEndpoints.owl#>
PREFIX toxcast:<http://www.opentox.org/toxcast#>
select *
where {
?Feature rdf:type ot:Feature.
{?Feature dc:title ?title}.
{?Feature owl:sameAs ?assay}.
{?assay toxcast:gene ?geneid}.
{?assay toxcast:hasProperty ?species}.
{?species rdf:type toxcast:SPECIES}.
{?assay toxcast:hasProperty ?target_source}.
{?target_source rdf:type toxcast:ASSAY_TARGET_SOURCE}
{?assay toxcast:hasProperty ?target_family}.
{?target_family rdf:type toxcast:ASSAY_TARGET_FAMILY}.
{?assay toxcast:hasProperty ?target}.
{?target rdf:type toxcast:ASSAY_TARGET}.
{?assay toxcast:hasProperty toxcast:Cytochrome_P450}.

}

order by ?feature ?assay ?target

h”-
—
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Example: ToxCast

PREFIX ot:<http://www.opentox.org/g
PREFIX ota:<http://www.opentox.org
PREFIX owl:<http://www.w3.0rg/2002
PREFIX dc:<http://purl.org/dc/elemel
PREFIX rdfs: <http://www.w3.0rg/200
PREFIX rdf:<http://www.w3.0rg/1999
PREFIX otee:<http://www.opentox.org
PREFIX toxcast:<http://www.opentox|
select ?Feature ?title ?id
where {
?Feature rdf:type ot:Feal
{?Feature dc:title ?title}.
{?Feature owl:sameAs ?assay}.
{?assay toxcast:gene ?geneid}.
{?assay toxcast:hasProperty ?genena
{?genename rdf:type toxcast:GENE_I

}

Query an OpenTox ontology servic
http://ambit.uni-plovdiv.bg:8082

———
E——

—
—

& Chemical compounds LEIEI@
|_ <> ||+ htl:,l’,l’arnhil.uni—Iovdiu.h:EDEDfamhi‘lZfdatas ¢ [Qr Google | O~ &~

[0 &= Apple Yahoo! GoogleMaps YouTube Wikipedia Mews (114) ¥ Share on FriendFeed

Search results Dataset =961
hits: 100

#% Compound

L1

he)el

he) el

he)ehe

Download as @@@ = @ E@ .ﬁ ‘4 Max number of

ToxCast At # Benigni f # Benigni / %+

Structural Alerg2tructural Alert

ATG RORE CIS for genotoxic for
- _— nongenotoxic
carcmggenl(:l;g = e
carcmggemm;g
1000000.0 NO NO
1000000.0 NO NO
1000000.0 NO NO
1000000.0 NO NO

lm| »

lataset/9617?feat
INi-
‘eature/335126

X0

——
—
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OpenToxipedia

—

K A Barry Hardy Log out X Quicktools Site Setup @ Help
O P e n I ox Site Map Accessibility Contact DETE] D

Home Toxicity Prediction OpenTox Blog People Partners Development OpenToxipedia

q’

User Guidance Latest Entries A B C D E F G H I ] K L M N o P Q R S T u A" w
X Y Z by Categories Entries OpenToxipedia

You are here: Home » OpenToxipedia

| Contents | | View | | Edit | | Rules | | Sharing | [ History |

Actions v | Display v | Add new... v | State: published v
OpenToxipedia
by Barry Hardy — last modified Sep 03, 2002 01:09 PM

OpenTox Community Resource for Toxicology Vocabulary and Ontology

OpenTox is supporting the creation and curation of OpenToxipedia, a community-based predictive toxicology knovdedge
resource. All members of the community are welcome to provide entries, suggested definiton edits or additional information to
entries in the resource.

OpenTox is supporting the application and development of the ToxML standard for representation of toxicology data, the
OECD principles for (Q)SAR model validation, and the use of the OECD HT standard for requlatory reporting purposes.

OpenToxipedia provides here a Vocabulary Resource of toxicology terminology. We hope you find the resource useful and
consider contributing to terms and their content.

Guidance for Vocabulary Resource entries

www.opentox.org/opentoxipedia

—-..-____-.
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http://www.opentox.org/opentoxipedia

SMARTCyp Service for Predicting Metabolites

4 " Atom Reactlwty Libra

| A. Calculate Quantum
Chemical Reference Energies

| Calculate transition state energies
using density functional theory

| B. Define SMARTS Rules |

Group calculations by fragments and calculate average energies

| |
[CX3H1](=0)[#6]
| ©/\ : 40.2 kJ/mol

- _ o

SMARTCyp - developed by Patrik
Rydberg, University of Copenhagen

www.farma.ku.dk/index.php/SMARTCyp/7990/0/

h”-
—

OpenTox

4 SMARTCyp "\
1. Assign Energies By SMARTS matching
Atom SMARTS Energy
3
H,N \2/& 1 [CX3H1)(=O)#6] | 40.2
O 2 [CX4]IN] 308
3 [NA3][H1,H2] 54.1

2. Compute Accessibility Descriptor

A, = Maxbonds, / Maxbonds_,

1
HzNwo A, =2/3=067
HN 2 A,=2/3=067
3
HaNNg A,=3/3=1.00

3. Compute Score and Rank Atoms

Score, S=E-8A
Lowest score gets rank 1

S,=40.2-8%0.67 = 34.84 Atom 1 - Rank 2

S,=39.8-8"0.67 = 34.44 Atom 2 - Rank 1

S,=54.1-8"1.00=46.10 Atom 3 - Rank 3)

\.




SmartCYP Prediction of Testosterone Metabolites

OH

HO

OH

1

OH

X E MaJor
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Controlling Access to Confidential Information

* OpenTox makes resources available
through URIs

* OpenTox provides facilities to protect
confidential information located at URIs.
Two tasks are involved here:

— Authentication: Confirming the identity of
the user requesting access

— Authorisation: Granting the confirmed
identity access according to a set of
restrictions described in policies

=
= —— * ¥

—— * *

OpenTox = ol
Niox %

Pe EEEEEEEEEEEEEEEE L
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Authentication

LDAP AUTHENTICATION
OpenlLDAP OpenSS0O

-

Verify

Credentials

<
-

Credentials

[]

Status+Token E

Create Token

WEBSITE
Plone

e Registered users are instantly available as potential
users of OpenTox web services
« Users receive a token upon service request

—
E—
——

OpenTox s




Authorisation

AUTHORISATION WEBSERVICE
OpenSS0O URI+
Action+

Token

=
=

Code+Reply

URI+Action+Token

&
-

(

Accept/
Decline 4

—
-

Execute/
Abort :

- Tokens encode user identity
 Tokens are valid for a certain time period only

(customizable)
* The triplet URI+Action+Token makes up the call to be

authorised

» All messages are encrypted (SSL)

» Resource Owners create and modify policies defining
access rules

=

OpenT;-;



OpenTox - Leadscope

[:Prnject Browser,

Fle Edt Yew Toos Window Help

= Compare ¥ . =1 @stuctures @ Feature Combinations  Clusters Scaffolds R-Groups | A7 t0 Hisrarchy
Histogram | Scatterplot | Features| Filters: Salmon. . = s=i0 sio A
#ds: Salmonella
Sorted Feature List v | Mean Z-Score  Fikered  Total QJ‘J
nitro ~ 0.79 199 660 660 T
= 0.81 19.9 606 606
- henzene, 1-nitro- 073 179 Bz s
iy, phenyl- 073 179 Bz s o5 O s D
benzene, 1-heteroaming- 076 175 617 617 10 s=10 s=10
benzene, 1,2,%,4-fused 085 145 @5 275
benzene, 1,2-fused 0es 127 702 702
- amine(NHZ), aryk 067 112 485 465 l’/’ )
- henzene, 1-amino(NHz)- 071 110 36+ 364 LN
- amine(NHZ), phenyl- 071 110 3 364 ., I\
benzene, 1,2,3fused 085 104 150 150 v
aromatic 0.48 99 a6 3786 s s Qs o
- naphthalene, 1-heteroaming- 0.94 9.8 (3 8 =5 = Eo
naphthalens, 1-nitro- 0,94 9.8 (S 33
- chloride, alkyl, acye- 0.72 9.3 235 735 < (o< Gty s B, | o
halide, p-alkyl- 0.73 92 zs  z1s = e e e s
naphthalene, 2-heteroaming- 0.9 8.8 68 68
naphthalene, 2-nitro- 0.5 87 &7 7
- henzene, 1-amino- 0.57 86 781 731
- quingling, 3-Fused ring- 0.58 85 89 £
chioride, alkyl- 0.68 83 @54 254
quindline, 2-fused ring- 0.87 8.2 86 86
chloride, p-alkyl- 0.7 8.2 144 144
- amine(NHz) 0.5 82 &0 608
-~ naphthalene, 1-slkyl- 0.79 8.0 119 119
halide, alkyl, acyc- 0.63 79 39 879 -
benzene, 1,2,3-fused, 4-acyc 091 77 64 64
acridine 081 77 &5 65
1, 4-benzoquinone 0.77 7.7 120 120 SelectWen: [Hotorams (] Sehct Datmsat: [ s ]
- kekone, dipheryl 0.73 75 153 153 o5
pyridine, 3-Fused ring- 0.6 74 241 241
pyridine, 2-fused ring- 0.67 7z 23 213 =
halide, alkyl- 0.60 71 405 405 -
- henzene, 1-(z-oxyethyl)-,2: oyl 0.95 7.0 44 44
-~ naphthalene, 2-slkyl- 0.77 7.0 104 104 a8
benzene, 1,3-dritro- 0.5 6.8 &8 68
naphthalene, 1-phenyl- 0.59 6.7 53 53 e
naphthalens, 1-aryl- 086 67 ] 58 220
- quingling 0.67 67 181 181
~.naphthalene, 2-(alkyl, cyc)- 0.88 6.6 5z 52 o
1,4-naphthoquinone 0.75 66 101 101 o5
benzene, 1-aryl-,4-heteroaming- 0.95 6.4 38 38
benzene, 1-amino-,3-heteroamino- 088 6.4 50 50 =
- naphthalene, 1-(akyl, cyc)- 080 6.4 47 47 .
~oritroso 050 6.4 74 74
1,4-naphthoquinone, S-hydraxy- 0.53 6.3 &0 60 Hasae
< 2 10 100 1 10¢ Color by: e
— l:l . e — - oty TotaG6_ Beam 81 5 Dm0 Fiersdi608__Selscted
|== -300-25-2.0 20 25 30 ==

| Reaty etsiIS4  Toral4e2s  MeaniD.43  Std, Dev..S0

‘_“_.__‘---‘--:-_-.-
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OpenTox - CDK

- The Chemistry Development Kit

A Family of Projects
m CDK-Taverna (chemoinformatics workflows)
m JChemPaint (semantic 2D editor)
m ChemolJava (GPL-ed extension)

Problem

Building
Blocks

Conclusion

Goals

m library of cheminformatics algorithms
m educational
Usage
m CDK: 100+ times cited in scientific literature
m Bioclipse, KNIME, Jumbo (CML), AMBIT, ...

C. Steinbeck et al., J.Chem.Inf.Comput.5ci, 2003
C. Steinbeck et al., Curr.Pharm.Design, 2006

212 | Bl Bioclipse & Proteochemometric Group -9.- Egon Willighagen | chem-bla-ics.blogspot.com

=
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OpenTox - Bioclipse

Bioclipse
LIPPSALA
UMMNWERSITET

Fie EdéR ldndoe Hedp

- -] — T Dl
Yenkile - = Pl a - e N T o
F'r-_1..1|-_-rr1 s Biechpna Radgator 1 =1k B [=] PreparSos 5 M| =] -
- L i
T z I-gtrutture MOLALGENT . i=
Building =
LI =g el gl e ]
Blocks b @ Ehamiinte e
-
3 - OElE “ .
T ' y s
Conclusion b Vel e BTN &
PSR TTEAS Sal ] LEETT T15% :-‘- 1-.:... h
P 1TEL
Eg=1. 1
b :_.__" - "J'\.|1'\.'\J-‘-":|.1-|-Ii o =
i MDD L7LSE
3 riampk Dala
3 = Sclubirty
¥ e SlamEs
¥ ok Tt ."-}—-\_'_k ]
- el T Bl _ﬂ, - L1718
B bugBzL s )
[ fac -
W FrAgTH UM
B gRL2iL e
& ynnamed ol -
¥ urnamadloml '
& ynramad ) oml o | Momcules ID-rtruchure | Headern i ¥

O. Spjuth et al., BMC Bioinformatics 2007, 8:59
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Bioclipse - OpenTox Interoperation

Core bic-
and chem- ?atﬁ;:nfrf’;t”;ﬁgt Data and madels
Informatics L
Ds Mutagenicity pradictions
—-
Cofmiman
c e Carcinogenicity predictions
Bioclipse [: Signatures
% .
LIBSYM predictions
i f % i
§
§
L}
I I | I predictions
| <additions> | | <additions> | é

—

q’,
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Bioclipse Visualisation Workbench

'\..’

= O[] pecision Support &3

r@ bursiPos3.mol &3
< ﬁ ‘$|-t‘.}w| E|||E:I

=E-\'

B Uncategorized
£ Lipinski's Rule of Five
'/ Failures: 0
@ Mutagenicity
= Bursi exact matches
" Bursi nearest neighbour
! Bursi Toxicophores [1 pos]
E} Aromatic nitroso
! Bursi Signature Significance [1 pos]
® [cucimn
:!'_- Carcinogenicity
E = CPDB exact matches
w" CPDB nearest neighbour

" CPDB Signatures

HO

@-—-E

nALY

Consensus: NEGATIVE J

0. Spjuth, L. Carlsson, M. Eklund, E. Ahlberg Helgee, and Scott Boyer. i

=
Integrated decision support for assessing chemical liabilities. In preparation

OpenTg



Bioclipse Visualisation Workbench

HC

OpenTo

-
3 bursiPos3.mol 53

] 20Mols.sdf 53

Table | Single Molecule Headersl

= El\lf Decision Support &3 = E\||
=0 Decision Support £3 =0

ol R Ai=l=]j=}=]]c]

| v® AHR
‘ AHR Signature Alerts
v @ AHR Signature Significance [1 neg|
® [0)(=[Ch
. AHR exact matches
‘ AHR nearest neighbour
v Carcinogenicity
‘ CPDB Signature Alerts
v @ croB Signature Significance [1 pos]
() Result: 1.002
v @ CPDB exact matches [1 pos]
(® Index 199
‘ CPDB nearest neighbour
@ Mutagenicity
v Ames Signature Significance (1 neg|
® [CiIC)ol=[0]
‘ Ames Structural Alerts
v @ Ames exact matches [1 pos)
(® 91-64-5
v Ames nearest neighbour [3 neg]
(%) 90-33-5 [tanimoto=0.78]
(%) 2107-76-8 [tanimoto=0.76]
(%) 26093-31-2 [tanimoto=0.75]

Consensus: NEGATIVE ﬁ

——

——
——

———
E——

0. Spjuth, L. Carlsson, M. Eklund, E. Ahlberg Helgee, and Scott Boyer.
Integrated decision support for assessing chemical liabilities. In preparation
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Bioclipse Visualisation Workbench - OpenTox

. . e | o-0 .. s |
3 bursiPos3.mol 53 E'\I( Decision Support &4 EI\||
E 20Mols.sdf 23 = O Decision Support 23 =0
ol R Aieiefl==]lo
[ @ app
 Bioclipse =R Ao~
HC File Edit Window Help
r3 & ‘ v L ammd4@eroPlaneccOCey i & |£) Decision S.. |
» Bioclipse N &2~ 0|/ 0037.cml [ *UNNAMED 2. ™ = O [£) Decision Support &, S O0|Es 2\ @we =0
. WO |Gl BE@0nlrE
* - Changed s |
= Sample Data Testl « @ Ames Structural Alerts [1 pos) Al % +
S i & ® Epoxide [« [] 5 samples 4 M/
i Virtual @ Ames exact matches [no hits] {w| &l Amino acid |
4 @ Ames nearest neighbour [3 pos, 1 negl;’:’}i [v] El epoxide [*[C
© 26761-45-5 [tanimoto=0.82] = [¥] El Ester [0=C(*
© 2461-18-9 [tanimoto=081] ] B t-Butyl [*[C)(
© 2461-15-6 [tanimoto=0.73]
© 5926-90-9 [tanimoto=0.71]
4 ® OpenTox
4 ® Caco-2 Cell Permeability http://www.n
‘ 7 caco? = -4.548099994659424
4« = Lipinski Rule of Five
v LipinskiFailures = 0.0
- 4 = MnlernlarWeainht 3
2 ~ ¢ I »
= Propemes 3 m .2 <=0 [f) 2D-Structure 2 =0
Property Value
General
Classification POSITIVE
Matching atoms 22,21, 23
Table Sin Name Epoxide
Test Ames Structural Alerts
— o 2 g — W el 2L 123 — o - n g pr— 1 _g— — =
= e
—— .
= 0. Spjuth, L. Carlsson, M. Eklund, E. Ahlberg Helgee, and Scott Boyer.

OpenTo

Integrated decision support for assessing chemical liabilities. In preparation
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The “Tamboti Tree” Use case

T
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Augmented Reality

1 . projector

colored caps
~

- e

mirror

phone

total: $350

e MIT Media Lab
OpenTox v




Processing Packaging Information

MIT Media Lab
=y Inspiration for Saturday Shopping Do

= the right thing for Safety Use Case 7 B
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OpenTox - ToxCast

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Data Collect EPA CCL3

i iEEu ACToR Web
R Browser
i
CEETL T

ACToR API

Chemical

@ ToxRefDB — DevToxDB BioRefDB
Jabulac MicroArr  Biologica Data
N ay L Mining
N Links to Web SDpecLallzed Tox1cology Data Referenc
Internet Resources atabases e
Searches actor.epa.gov e Data

=""""‘=-“_:--:-
OpenT =
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http://actor.epa.gov/
http://actor.epa.gov/
http://actor.epa.gov/

OpenTox - ToxCast

ToxPredict i .,

OpenTox demo application Resource [T

Step 1: Search Step 2: Verify Step 3: Models Step 4: Estimate
Select structure(s) structure Select prediction Estimate
Verify structure models N

Step 5: Results
Display results

; ACToR Web
Browser

This page lists your ToxPredict workflow results for the structure(s) you have selected and the model prediction(s) you have
chosen to run. You could also retrieve the ToxPredict report in various other formats, e.g. SDF, CML, SMI, PDF, CS5V, ARFF,

RDF/XML or RDF/N3.

semical Detals % H
L]

53 [ 1 s
Download as @ ﬂﬂﬂ

CAS RN 71-43-2

EINECS 200-753-7

IUPAC name benzene

Synonym (6)annulene; benzine; Benzol; Benzolene;

bicarburet of hydrogen; carbon cil; Coal naphtha; ' R API
cyclohexatriene; mineral naphtha; motor benzol;

nitration benzene; Phene; Phenyl hydride;
pyrobenzol.
Synonym 21742.0 o
Synonym Benzene Chem1cal
Synonym benzene
Quality label OK ID,

MolecularWeight #*Molecula rWeight
MW 78.1112

BioRefDB
) I

@ Tabular & _/  MicroArr Biologica Data

Data, >4 ay l Mining

Links to Web  Specialized Toxicology

|ternet Resources Databases Data Re;eienc
Searches actor.epa.gov e Data

——

——
——
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Chemical Space Visualisation (Ches-Mapper)

Opeda™ CheS-Mapper: Chemical Space Mapping and Visualization in 3D

http://opentox.informatik.uni-freiburg.de/ches-mapper

UNI

FREIBURG

Martin Giitlein!*, Andreas Karwath!, Stefan Kramer2
*guetlein@informatik.uni-freiburg.de
nstitute for Computer Science e Albert-Ludwigs-Universitat Freiburg  Germany, 2 Institute for Computer Science I12 e Technische Universitz

Miinchen » Germany

Abstract

Sdentic researchers In the field of chemoinformatics, are often overwhelmed by the size and the sheer complexdty of
ests

CheS-Mapper Workflow
ing)

Wizard Dialog to Control Mappmg

‘The workfion s divided Into Mapping and

i * Al Gl quides trough the
chemica datasets. Therefore, the need for visuaizaton tools, s one of the uttermost req Chemical Space Map, Visualization appa e
Our recently developed 3D molecular viewer CheS-Mapper (Chemical Space Mapper) indudes many techniques, like state- * Mapping: + Suitable for nrwvtb and expert
he-art struchra dustering, and mut dmensiona ambeddng technidues. Large datasets are dvided ko custers of + 15 2 preprocessing step where the data s fravy
similar_compounds and consequently arranged n 3D space, such that their spotil proximiy refiects thelr chemical dustered and arranged In 30 space + Single Steps:
Similarty. This Intultively provides essentil Information to the user, while making the dataset more easlly accessible and + Easy to use: the nowce user can employ
allowing easy and understandable access to a large number of chemical structures witin seconds. deauit

Visualization + Allsteps can be configured manually
-+ Developers can plug in own algorithms
Visualizatin:
- The dataset Is presented in a 30 viewer
+ The clustering and embedding provides
jonal Information about simiaity nd
makes the data easlly accessible

The difren dustering approsches employed in ur toutlze common substuctures a5 well s auanttative cheical

desaiptors of the compounds. These features can be highi in CheS-Mapper, which aids the chemist to bett

understand the undering soenthc nowledge. A 3 il fucton,te s ca at o used o seleck and expor specic
part of a given dataset for further analysis

Automaic detection and plug in
of new methods and algorithms

Chemical Space Mapping 3D Visualization

Build 3D Structure and
Extract Features

+ Select input dataset
+ Various dataset formats are
supported (sdf/mol/smiles/...)
+ Dataset con be directly loaded
from the web
+ 30 structure is buit )
30 structure can be build with ) } Foatwe [ vee

3D Embedding Dataset Overview -- Clusters
(of Clusters & Compounds) == |

+ Embeddng algorithms assign [ Festures
h

Inside Cluster View

Togr | weight | W.path | W, poarty o
N(CB@HXOK(=0)0 e | e ==E

Chemical-Development-Kit

(CDK) or OpenBabel
+ External fibraries ke Corina
n be phogged neasly
+ ot f

 Features are requied for
dlustering and embedding

+ Automatic extraction of
dozens of descriptoss with
@K

Cluster Compounds

+ Compounds in the dataset are assigned to subgroups.
ity

Anolysis (PCA)

o + Multimensional Scaling

= Using Majorization
(SMACOR)

Neighbor Embedding (1SNE)
can easily plug in
their own/preferred 30
Embedding algorithm.

3D Alignment of Compounds

- Compoundsin s st ae ey o shre
commonsul
s sdbgoeh & ready omiria
stuurl dusteiog s peror

+ Datasets are separated Into dusters, arranged In 3D space
* Thentuttve feace ofthe 30 viewer alaws o
ot the cluster:

. Lelvwaue nformationon clstrsvia mouse over

- Examin
 The embedding nto 20 e ostions/dstance bebween csters)reflecsthe

similaity betweer

+ Chuster tom b remaved from the dotaset

a cluster, the view z0oms into the duster and displays only the
Compounds induded
Detls fo ech compound ars avltle va mouss over

Like the dusters, the compounds

the poston/ dsiance between sebbduigu-bt-dptrl-dy bl o
similarty between compou

o O e D oo i o

« Fixed number of k dusters . Aum.«.m, the maxin «
R abaton e e of | gl o S o s e
i e e =g = Highlight Features and Endpoints F
+ Hiearchical Clustring < < + The compounds within a dster an be e e s b Ak ;
& E"‘," um-:‘mw-d ‘ww‘ Uv‘sl X o~ wfﬂ""-rwwwwu«mdma to this : The compounds are colored according to the numeric value,  high value Is indicated >
Sequentially merge similar dusters subgraph: " value is indicz ¥
- e st < Thesrows difermnces between compounds a .y aloor i kot bt o
g ( ds groups that share structural similartty + Gives an intuitive explanation towards the quality of the dustering anpmm % ]
L 0 WIS W the ing it e ive from inactive comy
there exists a common subraph of suffident R st oot RO S lom s e s . >
+ Developars can phig I néw chser o
Open-Source Webstart Application References Acknowledgements

+ Java program that comes in two vasiants: Poweredby: »

+ Java Web Start application (can directly started from a web browser) e
&

This work has been supported by the EU FP7 project (HEALTH-F5-2008:

+ Local Installation that makes use of non-java libraries
* ChesS-Mapper is available at hite://opentax informatik.unk-freiburg. de/ches-mapper

os 4] Seeland, M, Girschick, T, Budhwiald, , Kramer, Online Structural Graph Clustering Using
¥ Freguent Sibgraph Mining, 2010, Macine Learing and in Dotabases,
o 213228, Springer

L (2] Jmol: an open-source Java viewer for chemical structures in 30. hitp:/fwww.jmol.org
——g
-_—

OPenT = Martin Gutlein, Andreas Karwath, Stefan Kramer (ALU)
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Chemical Space Visualisation (Ches-Mapper)

- CheS-Mapper: Chemical Space Mapping and Visualization in 3D

OpenTox

5

k_means_cluster_l.sdf
k_means_cluster_2.sdf
k_means_cluster_3.sdf
k_means_cluster_4.sdf
k_means_cluster_S.sdf
k_means_cluster_8&.sdf
k_means_cluster_7.sdf
Abstract k_means_cluster_8.sdf

Scentc researchrs In the fild of chemolnfomratic,
chemical dataset herefore, the need for visualization t k—means—CIUSter—g' sdf
Our recently developed 3D molecular viewer CheS-Mapps
Tt shruciora dustering, and mul dmensiond .
imar compounds and conséquently aranged In 30
Simlarty. Ths intutiel provides ssentl Iformatn |
llowing ey and uncerstandabl access 0. large
The different dustering approaches employed in our to
desriptors of the compounds. Thes feaures can be h
Understand the underyng scentic knowledge. A a i
part of a given dataset for further analysis.

¢

Build 3D Structure a
Extract Features

+ Select input dataset
Various dataset formats are
supported (sdf/mol/smile/...

+ Dalaset con be directly

¢ is buit 4
- 30 ca ) P
Chemical-Development-Kit
(CDK) or OpenBabel
+ External fibraries ke Corina
can be plugged in easily

+ Extract features.
+ Features are required for >
dlustering and embedding
+ Automaic extraction of
dozens of descriptoss with
@K

Cluster Compounds

+ Compounds n the dataset are assigned to subgro
according to their similarity

+ Fixed number of k dusters
+ Random initialization, terative update of
dlusters and duster centroids
+ Hierarchical Clustering
+ Ench compoundis single duster
+ Sequentially merge similar clusters
+ Structural Clustering
« Finds groups that share structural similar

there exists a common subgraph of suffic

size
+ Developers can plug in new duster algorithms

Num moleculas 19
LOGP [2,81; 9,09] @:5,09
[ spin onfoff () Wireframe @ Balls & Sticks ActivityOutcome_NCTRER [ activei19) ]

( Species [rat(19)]

s o ok e b Highlight: |disabled ] ActivityScore_NCTRER |20; 100] 2:88,11

+ Java Web Start application (can directly starte
+ Local Installation that makes use of non-fava |

+ ChesS-Mapper is available 2t htto:/jopeataxinfon  IMItia! Prototype ﬁ
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hemical Space Visualisation (Ches-Mapper)

== CheS-Mapper: Chemical Space Mapping and Visualization in 3D

IURG

OpenTox

Abstract

Sdentific ressarchers In the field of chemolnfom
chemical datasets. Therefore, the need for visuall
Our recently developed 3D molecular viewer Cheé

the-art structural dustering, and mult-dmens
similar compounds and consequently aranged
simiarity. This Intultively provides essentil infort
allowing easy and understandable access to 3 larg
The different clustering approaches employed in
desariptors of the compounds. These features c:
understand the underlying scentific knowledge.
part of a given dataset for further analyss.

Build 3D Structure
Extract Features

Select input dataset
+ Various dataset formats are

dozens of descriptoss with
@K

Cluster Compounc

+ Compoundsin the dataset are assigned to
according to their similary
+ Supported duster algorithms:

+ Moy

5 o k dusters
. R ization, Revative up:
dlusters and duster centroids
+ Hierardhical Clustering

6

« Finds groups that share structural
uste

there exists a common subgraph ¢

size
+ Developers can plug in new duster algorit

+ Java program that comes in two vasiants:
+ Java Web Start application (can direct

+ Local Installation that makes use of no
Chess-Mapper is avallable at hitp://opeatc

-
—
—
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ToxBank Infrastructure Project
(started Jan 2011)

www.toxbank.net

Establishment of a ...

... cell and tissue banking
information resource

| —

Cell/Tissve :
qu‘isng ... repository for the selected

test compounds

. database of reference test
compounds

. dedicated web-based
data warehouse

This project will be jointly funded by COLIPA and the EC. Any opinions expressed in this slide are those
of the author. COLIPA is not liable for any use that may be made of the information contained therein.



http://www.toxbank.net/

Our Infrastructure Vision for
ToxBank supporting all steps of Predictive Toxicology
Research based on Alternative Testing methods

Users access compounds, biological materials, data and models for
experimental planning and integrated analysis of experimental results

=---i_i_._
OpenTox B
§ Dat2 I Models @ Warehouse

Gold
Compounds
I X XX

~ Database
‘ @ Biobank
SOPs SOPs _

Compounds Biological

Materials www.toxbank.net

This project will be jointly funded by COLIPA and the EC. Any opinions expressed in this slide are those OLIPA _?
of the author. COLIPA is not liable for any use that may be made of the information contained therein. ~~ § _/ TucEuioesn  SEVEQHIRANEN

r“ CosmeTics Assoc AAAAAA


http://www.toxbank.net/

Compound HTS
Repository  Screening

Douglas HCS Assay
Connect Partners

/ Parasite SYNERGY
Biologists

Neglected Disease Drug Design VO

—
E—
——

OpenTox s

Virtual Organisation Pilots

Leadscope,
FDA Data

SMARTCyp

OpenTox

Pharmatrope



OpenTox - Synergy Predictive Toxicology VO Pilot

Strategy Development & Case Study

« Data Mining of Human Adverse Drug Events
« Data Mining of Literature Knowledge

 Creation of Mechanism-based Hypothesis
«Selection of Biological Pathways & Targets

«Selection of Compounds
 Prediction of Metabolites of Compounds

«Selection of in vitro assays relevant to Mechanism
«Selection and integration of Toxicity Data

 Creation of Predictive Toxicology Model including Model Validation
and Applicability Domain

«Selection of Low and High Content Assays for Testing in Cell Lines
« Analysis of Results




Analysis of Adverse Events Based on
Pharmacological Activity

Iong $e

syndrome

B

én‘«s

« (Cardiac adverse events

 Related to hERG ion channel?

cyan = adverse event,

lines define links

=
OpenTox =

red = drug

* Question addressed:

— Are the adverse
events a function of
inhibiting the
pharmacological
target?

— Or is the adverse
event due to an off-
target activity?

PHARMAJ; (o))
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Example: Cardiac Adverse Events

serotonin uptake

Inhibitors; antifungals
vi“"uv
syndrome pointes syndri:me
fluoroquinolone
antibiotics .
cardiac

ﬁb_r_agc&r\tfia arrest

ACE
Inhibitors

On-target events

cyan = adverse event, red = drug
lines define links

——

OpenT?

h”-
—

[l
STl

hERG-related

| toxicities?

Off-target events

PHARMA T @)43




Synergy Drug Design Collaboration Pilot

T | Refine Predictions
\/ E e e SYNERGY
Screened CERF
Li bra ry ToxPredict

el
AP
kel
=g
il - eC]SlOﬂ
B —_— DashtFoard e
. Toxicity | — itz | | TSy
= Assays '
, : 1HHHE (Safer) Drug
x Leads

————
—

www.scientistsagainstmalaria.net
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http://www.scientistsagainstmalaria.net/
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Introduction - REACH registration

Import/manufacturing
of not less than 1 ton
chemical substance

ECHA / Member countries

- Properties » Document-based evaluation

* Confirmed use
» Safe management

l

Non-Action

* Material evaluation

European
Registration Chemical

Agency

Materials that need to be regulated l
Demand of additional

Materials with very Unacceptable materials information
high hazard potential with very high hazards

Authorisation Limitations

. Review of need for control of hazards |~ | Use prohibited

» Consideration of alternative materials

Authorisation Approval

=

OpenTg_;



REACH

“Registration, Evaluation, Authorisation & Restriction of Chemicals”

European Union Legislation, 2007

All chemicals imported or manufactured in Europe must be registered
from 1st December 2010 (European Chemicals Agency - ECHA)

“...protecting human health and the environment...” Geert Dancet, ECHA

Responsibility:
Manufacturers and importers to

provide safety information & manage risks

Threshold:

Phased: 2010 > 1,000 tons p.a.
2018 > 1ton p.a.

__________-

OpenTox =




REACH

Registration per chemical: $2M to $14M?

I[UCLID: International Uniform Chemical Information Database

S Registration submitted by 22 Nov. 2010: 19,237¢
m'| Chemicals pre-registered by 1 Dec. 2008: 143,0002

54M3 - 9M# additional test animals

“...promote alternative methods for assessing
hazards of substances......... animal testing as
a last resort...” Geert Dancet, ECHA

=<=__ 1. C&EN, Nov 29, 2010, P. 15
e == 2. en.wikipedia.org/wiki/Registration, Evaluation, Authorisation_and_Restriction of Chemicals
OPenTox - 3. T. Hartung & C. Rovida: Chemical regulators have overreached. Opinion in Nature, vol. 460, 27 Aug ‘09.

4. ECHA - New study inaccurate on the number of test animals for REACH. Helsinki, 28 August 2009



http://en.wikipedia.org/wiki/Registration,_Evaluation,_Authorisation_and_Restriction_of_Chemicals

REACH

OpenTox InterAction Meeting
Innovation in Predictive Toxicology

Modelling, Applications, REACH, Risk Assessment

9-12 August 2011
Technical University of Munich, Germany

Registration: Free but limited to 100 attendees
https://www.surveymonkey.com/s/opentox2011

Abstracts by: 30 April 2011, Posters: 30 June 2011

Bursary Award: three abstracts will be selected for
travel & accommodation awards (by 30 April 2011)

More Information at:
www.opentox.org/meet/opentox2011

=
OpenTox o~

www.opentox.org


https://www.surveymonkey.com/s/opentox2011
http://www.opentox.org/meet/opentox2011

Collaborating Partners

In Silico Toxicology, Douglas Connect, Albert Ludwigs University
Switzerland Switzerland Freiburg, Germany

National Technical
% University of Athens,
’ Greece

Ideaconsult, =
Bulgaria e

Istituto Superiore

di Sanita, Italy Fraunhofer Institute

for Toxicology &
Experimental Medicine,

Technical University
Germany

of Munich, Germany

David Gallagher, UK Institute of Biomedical Seascape Learning &
Chemistry of the Russian JNU, India
Academy of Medical

h Sciences, Russia
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Opentox Partners Basel sept08

Our Funding Support...

For more information, visit

www.opentox.org

twitter.com/barryhardy
barryhardy.blogs.com

OpenTox - An Open Source Predictive Toxicology Framework, www.opentox.org, is funded under
the EU Seventh Framework Program: HEALTH-2007-1.3-3 Promotion, development, validation,
acceptance and implementation of QSARs (Quantitative Structure-Activity Relationships) for
toxicology, Project Reference Number Health-F5-2008-200787 (2008-2011).
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