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Abstract

The new European Union (EU) REACH chemical legislation will require over 9
million additional test animals, if no alternative methods for toxicity prediction
are accepted. However, the number of test animals could be significantly
reduced by utilizing existing experimental data in conjunction with
(Quantitative) Structure Activity Relationship ((Q)SAR) models.

To address the challenge, the European Commission has funded the OpenTox
(www.OpenTox.org) project to develop an open source web-service-based
framework, that provides unified access to experimental toxicity data, in Silico
models (including (Q)SAR), and validation/reporting procedures.

Now, in the final year of the initial three-year project, the current state of
architecture, Open API, algorithms, ontologies, and approach to web services
will be presented. Our experiences on current collaborative approaches
aiming to combine OpenTox with other systems such as CERF, Bioclipse,
CDK, and SYNERGY to create “superinteroperable K-infrastructure” will be
discussed both in terms of conceptual promise and implementation reality.
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Background - REACH

“Registration, Evaluation, Authorisation & Restriction of Chemicals”

European Union Legislation, 2007

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

All chemicals imported or manufactured in Europe must be registered
with European Chemicals Agency (ECHA)
phased threshold: Dec. 2010 > 1,000 tons p.a., 2018 > 1 ton p.a.

Responsibility:
Manufacturers and importers to

provide safety information & manage risks
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Impact of REACH

Registration per chemical: 2M to 10M Euros?

[UCLID: International Uniform Chemical Information Database

B Registrations submitted by 22 Nov. 2010: 19,2371
Chemicals pre-registered by 1 Dec. 2008: 143,0002

OM4 - 54M3 additional test animals

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

_-g..___-__- 1. C&EN, Nov 29, 2010, P. 15
== 2. http://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
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European Union
Seventh Framework Programme —

SEVENTH FRAMEWORK
PROGRAMME

Program: HEALTH-2007-1.3-3
Promotion, development, validation, acceptance

and implementation of QSARs for toxicology
Project Reference Number Health-F5-2008-200787.

3M Euros (2008 — 2011)

Awarded to: OpenTox Consortium
Proposal: “An Open Source Predictive Toxicology Framework”
www.opentox.org
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OpenTox Goals

Development of:
= an interoperable, extensible predictive toxicology framework

Containing state-of-the-art:
" QSARs & SARs
= cheminfomatics, bioinfomatics
= statistical and data mining tools
= computational chemistry & biology algorithms & models
= |n vitro and in vivo data resources
= ontologies
= user interfaces...”

S S -
OPenTox = QSAR:  Quantitative Structure-Activity Relationships

Ontology: formal definitions and relationships between entities in a domain




The Challenges

QSARs for predicting toxicity
(Q)SAR algorithms & descriptors
consensus predictions
validation of models
applicability domains
transparency

Toxicity data
standards, quality, licensing, confidentiality

Metabolite predictors
e.g. SMARTcyp, CypScore

Retrieval of supporting information
database mining, text mining

* |Integrated across the internet
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In Silico Methods Considered

(Q)SAR

Structural Alerts
Read Across
Database mining

Text mining

Third-party packages....
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Quantitative Structure-Activity Relationships
(de)activating fragments or functional groups
Expert knowledge, compare related chemicals
for same or similar chemicals

for reports on same or similar chemicals




Reporting: Validation of Predictions

OECD Guidelines:

1. Defined endpoint
well defined ‘homogeneous’ training data

2. Unambiguous prediction algorithm
fully documented prediction models

3. Defined applicability domain
documented algorithms for chemical space of model

4. Appropriate measures of goodness-of-fit, robustness, & predictivity
scientifically sound: r?, CVr?, RMSE, skew, confusion matrix, etc.

5. Mechanistic interpretation, if possible
key descriptors, human evaluation, can improve confidence
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Prototype Application 1: ToxPredict

ToxPredict (www.toxpredict.org)

Browser-based GUI enables lay-user to enter a single structure
and get a toxicity report back based on available end-points (currently 18)

Help ToxPredict =

Please select the structure(s) for which you would like to apply some OpenTox models. WEL COME
Log in
PREDICT
Dranw Search
@Q % & [19] - 3 i cvares [E \Ljpluad strlucture
uery ezZene iew results
== ==~A00G8C00
. ® Auto detect BROWSE
= o
» Search mode Exact structure Datasets
= O Substructure search | models
s © Similarity search
= Search |
F
Lol
Br
|
=
Erter any identifier (CAY
JME Wolecular Edftor (o) Peter Erl OpenTax compound or ¢
automatically SMILES ms
JWE Editor courtesy of Peter Ertl, Novartis atternatively use the JWE
Im | Mlare. . Developed by Ideaconsult Ltd, 2011 T
- a
E— -—-_%‘- **
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ToxPredict: Results Summary

r&,' CAZRMN 71-43-2

- EINECS 200-753-7
IUPALC name benzene
Chemical Name benzene

SMILES cleoccocd

Standard InChl InChl=15/CEHE/C1-2-4-6-5-3-1/h1-6H
Standard InChl key UHOWQNZIY S0RNE-UHFFFADY SA-M
REALCH registration date 30.11.2M0

Predictions | Datasets

Run All |

MolecularWeight Calculate

Bl 7811
Dowvnload OSAR SRC KOWWIN fingerprints AD Calculate
Browse all Tanirmoto onm
AppDomain_Tanimoto 0.0a

Caco-2 Cell Permeability http:/’www.nchi.nlm.nih.gov/pubmed 16959190 Calculate
cacol -4.55
ToxTree: Structure Alerts for the in vivo micronucleus assay in rodents Calculate

At least one positive structural alerts for the
micronucleus assay (Class [)

Mo alerts for the micronucleus assay (Class ) YES
“erbose explanation:

QEAT Acyl halides Mo

QEAZ Alkyl (C=0) or benzyl ester of sulphonic or phosphanic acid Mo
Q5A3 M-methylal derivatives Mo

25a4 Monohaloalkene Mo

Q5485 5 ar M mustard Mo

QSAE Propiolactones and propiosultones ko

QAT Epoxides and aziridines ko

Q548 Aliphatic halogens Mo

QEAS Alkyl nitrite Mo

Leed 0o B pmeatnrated carbonuls ko
£
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Prototype Application 2: ToxCreate

Creates a model from a training set (www.toxcreate.org )

Step 1, upload training set, and create model

Create and evaluate models to predict
ToxCreate

i Inspect | Predict | Help

This service creates

* 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.

1. Enter endpoint name and unit (for
regression ).

2. Upload training data in Excel or CSY format:

Choose File INU file chosen

Create model l Cancel

?"é:—____:__. © in silico toxicology 2009-2010, powered by OpenTox -
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ToxCreat

e (2

Step 2, View prediction model & validation report

hampster test2

Status:

Started:

Training compounds:
Warnings:

Algorithm:

Type:

Descriptors:

Training dataset:
Feature dataset:
Model:

Validation:
Detailed report:

Number of predictions
Correct predictions:

Specificity:
Sensitivity:
Confusion Matrix:

Weighted area under ROC:

Completed

03/02/2011 - 03:00:18AM

85

lazar

classification

Fminer backbone refinemen
Excel sheet , RDF /XML (expd
RDF/XML , YAML (experts, d
RDF/XML , YAML (experts,

show

76 \
76.00 %

0.904

0.771
0.756

Meg
active
active il

Predicted . :
inactive 10
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Crossvalidation report

Created at 03.02.2011 - 03:01

Table of Contents

Mean Results
Roc Plot

Roc Plot
Confusion Matrix
Results

All Results
Predictions

Mean Results
This section contains results.
Table 1. Mean Results

Algorithm uri http: /fwebservices.in-silico.ch/algorithm/{lazar
Dataset uri http: /fwebservices.in-silico.ch/dataset/1702

Num folds 10

69.17 +-475.31
Weighted area under roc 0.90

Area under roc

Percent correct

true: 0.94, false: 0.89 +-true: 0.03, false: 0.05

F measure true: 0.78, false: 0.73
True positive rate 0.77

True negative rate 0.77

Roc Plot

This section contains the roc plot,
Figure 1. Roc plot

ROC-Plot
100

True Positive Rate

|»




ToxCreate (3)

Step 3: enter new structure to predict...

Create and evaluate models to predict toxicity

ToxCreate

Create | Inspect [Mag=ls(lasll Help

Use this service to obtain predictions from OpenTox models.

Draw a compound Create | Inspect |[fxgelelladll Help
(ck  pEL (DR - uoo
= —==~A00coc| | New prediction
C
I O=NN1CCCCC1
o 0
2 = |
e N ampster test2:
a N/ active
Br
K { Measured activity )
=
_ © in silico toxicology 2009-2010, powered by OpenTox
or enter a Name, InChl, Smiles,

= -"-_:_:,-=_- Choose one or more prediction models
OPenTox = hampster test2 %
Test BH 6 r
harmecetaer carcinnrenicrity -




OpenTox Implementation Outline

= User Needs
= Semantic Web for Predictive Toxicology
= Key Components

= Web Service Interoperability
» Bioclipse, CDK
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Compelling User Needs
Integrated Testing

Read Category
Across | Formation

REACH S ... | Huma
Reporting Applicabilit § Validatio N

(QPRF, QMRF) | Y Pomain 1 Data

Communicated to OpenTox in 2009 by Grace Patlewicz (Du Pont)

E--='--g‘""‘--..:;--_...“-‘-'-
OPenTox = TTC: Threshold of Tox Concern. QPRF: QSAR Prediction Reporting Format.
QMRF: QSAR Model Reporting Format.




Semantic Web for Predictive Toxicology

sUJRIs: Uniform Resource Identifier on the
web with a name & location User Interface & Applications

Trust

"RDF: Resource Description Framework -
Graph based Data interchange model
to structure data and link resources

Ontology:
*OWL.: Ontology (Web) Language to add stlercy{L — e
vocabulary for describing properties RDFS

and relationships
Data interchange:

RDF
[ XML
URI/IRI |

A www network of Linked Resources for
Predictive Toxicology!

Crypto
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OpenTox Web Linked Resources/API

Task
GET
POST
AA PUT
GET DELETE
POST
PUT
DELETE
Dataset
GET
POST
PUT Model
DELETE GET
POST
Feature Compound PUT Ontolo
GET GET DELETE gy
POST POST GET
PUT PUT POST
DELETE DELETE PUT
DELETE
S S
OpenTox =

http://www.Opentox.org/dev/apis/api-1.2



Collaborative Ontology Development:
Collaborative Protege Server

OpenTox
APl 1.2
ontology

Collaborative
OpenTox

features,
agorithms

ontology
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OpenTox Toxicological
Data Ontology

5 toxicological endpoints

Project

Al Organ Systems
Collaborative Opertox
OpenTox AP .2
ToxLink

Toxicological Ontology

OpenTox

Organs
Ontology

(ITEM)

ToxLink
ToxCast assays
ontology




Web service interoperability

Bioclipse, CDK

ql
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Recap: What you can do with it ...

r ; M
@ Models - Mozilla Frrefox (=[5 e
File Edit View History Bockmarke Tocle Help
w c % ([ htipfiappsideaconsult,net:E 80/ ToxPredict/user/d396263h-d7 c-1fec-8b58-15e38 MeT rol/ Afstep3 17 -| |-'l- Google D\
() Disabler £ Cookiesw | CS§ = | Forms= ¥ Imagess () Information ) Miscellaneous . Qutliner | | Resizer . Tocls 2] View Sourcer 7 Options~ O O
[Z] Models | e
| - 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
#TopenTox model created with ves @@ @ T Elhup://opentox.informatik. tu-muenchen.de: 8080 3
TUM s kNNregress!on maodel ] -l::! /OpenTox-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 - . . . . . P .
rhtation/corrogion [ IroxTree: Eye irritation ToxTree: Eye irritation
Human health effects m;!““'ee: Extended Cramer ToxTree: Extended Cramer rules
Human health effects :"’q:hmﬂree: 1LSI/Kroes decision _ ToxTree: ILSI/Kroes decision tree for TTC
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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Recap: What you can do wi

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

File Edit View History Bookmarks Tcols Hlslp

T c ) http//apps.ideaconsult,net:1 80/ ToxPred ct/ussr/d996263h-d7 c-1fec-8b58-15e38 26T rd/ Afstep3 57 «| [~ Googie 2|
) Disabler 2 Cookiess || C88- = | Forms~ (¥ Imagess () Information= () Miscellad
[# Models |+

ToxPredict

OpenTox demo application

Step 1: Search Step 2: Verify Step 3: Models
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

Human health effects tree '(;):Trr:_ag: ILSI/ Kroes decision _
;Sckli)n”itl,'!i?:ion i ToxTree: skin irritation -
Done

Simple building d
applications Distributed applications, integrating

methods and  Wide range of data, models, prediction
methods
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Recap: What

r
(@ Models - Mozilla Firefox

you can do with

File Edit View History Bookmarks Tcols Hlslp

@—.’

o http:/fapps.desconsult.net&180/TosPredich/user/4996263h- 7 c-fec-8b58-15e%R el ccl/Astep3

2§ - Google
7007

(@ Disable- 2 Cookies || €88+ =] Forms= @ Images= () Information= 1 Miscella

ar” N\ |

CED Taverna Workbench 2.1.0 -8 X
° Flle Edt Insert View Wordflows Advanced Help
ToxPredict B SRR T e
- (- Design' [ Results [ myExperiment
DpenTox demo application Service panel Workflow diagram
Step 1: Search Step 2: Verify Step 3: Models _ P 3
structur: structure Select prediction Gt Qo v @EO BM & Y
Verify structure models Import new services
v @ Avallabie services & |
* (@ 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
oxTree: Benigni/Bossa rules ’ (@ basess o
[Carcinogenicity for carcinogenicity and - 12 =
mutagenicity
Dissociation constant _ Details
(pKa) 7k Workflow explorer
;'"elj‘[nx'rree: Structure Alerts for Workfiowd .
Endpoints the in vive micronudeus assay in - £ Workflow input ports
rodents ¥ & Workfiow output ports
Endpoints 9 oxTree: Michael acceptors - i
Eye ¥ & Senvices
rr\tatmn/:orrosion I roxTree: Eye irritation - : @.a"gm:m_un_value
. v 1t
Human health effects >€"II_I‘I'oxTI'ee. Extended Cramer @:9::/;;“;?;—‘:"-:?
!'u les - #® dataset_ur
Human health effects 1 lroxTree: ILSIf Kroes decision  model uri
tree for TTC  result_dataset
[Skin irritation P @, result_uri
corresion i ToxTree: skin irritation - v R usk_password
1 message
[of 2 title
one ®, answar
L v £ ask_usemame
{ 2 message
2 title
. - . o, answer
v @ calculate_descripto)
imple building d - et
#° dataset > L4
vl I
. . =
lications Distributed a
id gration into workflow systems for
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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, Ivelina 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: Www.jcheminf.com/content/2/1/7
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OpenTox Achievements to Date:

B

‘/Integrated services: predictior; rﬁodels & creation, descriptors, validation
‘/Integrated databases: ToxCast, ISS, Fraunhofer Inst., Leadscope
‘/Ontologies: Organs, Toxicological end-points

‘/OpenToxipedia: terminology related to the study of toxicity
‘/Prototype applications published: ToxPredict, ToxCreate

‘/API & framework design: freely available from open source repository

‘/Integration and interoperability: e.g. OpenTox with Bioclipse & CDK

=< API: Application Programming Interface, 1SS: Superior Health Institute, Italy
OPenTox = Bioclipse: free, open source workbench for the life sciences.
CDK: open source Java library for Chemoinformatics and Bioinformatics.




OpenTox: The Benefits

® additional validated toxicity data
curated databases, new algorithms, search, validation
® saves time and money
less animal testing, automated tox reports (OECD, QMRF)
“Value statement............ 27
1-‘-'"5'—_—_-____:__. API: Application Programming Interface, ISS: Superior Health Institute, Italy

=

Bioclipse: free, open source workbench for the life sciences.
CDK: open source Java library for Chemoinformatics and Bioinformatics.
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