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Collaborative Predictive Toxicology Challenge

Input Structure
VO
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Out - Toxic or Not?
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LD50

Liver Toxicity
Secondary Metabolites
Bioavailability
Mutagenicity
Carcogenicity
ReproductiveToxicology
Skin Irritation

Aqua Toxicity

Combined predictions for arrays
of mutiple end points

Driver Increasing demands on industry to satisfy safety
—> evaluation and risk assessment required by

REACH legislation. (Over 140k cmpds registered).




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






REACH Registration

Import/manufacturing
of not less than 1 ton
chemical substance

* Properties
» Confirmed use
» Safe management

Registration

European
Chemical
Agency

ECHA / Member countries
* Document-based evaluation

* Material evaluation

l

Non-Action

» Review of need for control of hazards

Materials that need to be regulated

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

Authorisation

Limitations

Use prohibited

» Consideration of alternative materials

Authorisation Approval

l

Demand of additional
information




Challenges to Integrated Resources & Applications

 Database silos  Lack of standards
 Missing information * Lack of validation
 Varying quality * Complex subject

* Hard to integrate data  Application difficult
« Hard to integrate models - Lack of transparency

 No common framework * Interdisciplinary
collaboration
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Value is in Linking

The key idea of Google's founders in creating their search engine:
There is useful knowledge in the links between Web Pages.

Page Ranking
A page is ranked higher
in a search if:

A. it has more
connections to it than

other pages

B. the pages connecting to it
have higher ranking
themselves

OpenTox =




Linked Data enables Knowledge Creation, Combination and Analysis

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... DBpedia = Linked Data
approach applied to
Wikipedia

OpenTox
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Solution created by Linked Open Data, Web
Applications and Crowdsourcing
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Haiti Earthquake Crisis Response (2010)

S wiki.openstreetmap.org



http://wiki.openstreetmap.org/

Accelerating Knowledge Flows in Predictive Toxicology

ToxPredict




OpenTox is an Integrating Framework

[

» Toxicity Data (Linked)
e in silico models
 Validation & Reporting
 Interpretation aids

Framework

» Toxicolog, Biolog, Chem - ists
e Computational Scientists

e Interfaces for new algorithm
development & integration

Diverse Access

e Promote Standards

e Core Open Source Components

Interoperability . support Ontologies &

Integration of Multiple
Resources

—
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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




Overview of Application Programming Interfaces

Report

clay
POST
PUT

AppDomain DELETE

GET
POST
Dataset PUT

GET DELETE
POST

PUT Model
DELETE GET

POST
Feature PUT
GET

DELETE Ontology
POST GET
PUT

POST
DELETE PUT

DELETE




Toxicological Endpoint Ontology Development

ToxML schema Other publicly available resources:

DSSTox, GoReni (ITEM), ISSCAN ...

o CPDBm [ algaxml | e mapping..* tar Untitle..=

|> A lzscamam o)) 3B 3

= [E1sscAN.xmI

=& Compounds
@ xmlns:xsi
§ ammsssaceschamiscsion Ontology Development

- @ version

-& Ids ChronicStudies
i Otherlds
- & Names

oxicityStudies =l

-& Formulae
o & ToxicityStudies O T g AquaticTaxicityStudies
---l BacterialMutagenesisStudies pen OX
=-& CarcinogenicityStudies 24
= 4 Study T . l . l ToxicityStudiesTypes CarcinogenicityStudies
& StudyType OXICO Og'lca i s = genely
# & StudyCalls
& Entryinformation - )
=& Background Endpollnt T BacterialMutagenesisStudies
=& Tests
= ule TeSt O t l
B: IestSystem n 0 ogy InVivaMicronucleusStudies
L sex
& l TestResults )
=& EndPoints TargetSites
=& EndPoint

Collaborative
Protégé
Environment

=& Value
l ‘a Value

& Units
5 l TestCalls
- Call

-& Datasets
=-& Structure
@& MolecularFormula
& Molfile

- Smiles

Re-use of terms defined in

neighbouring ontologies (e.g. OBO)
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OpenToxipedia

—

— % Barry Hardy Log out X Quicktools Site Setup @ Help

K -

O P e n I ox Site Map Accessibility Contact DETE] D

Home Toxicity Prediction OpenTox Blog People Partners Development OpenToxipedia

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

q’

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

OpenTox: Databases
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Eile Edit View History Bookmarks Towols Help

@ - 7y .\, ([ nhttp://apps.ideaconsult.net:8180/ambit2/ query/smartsttype=smiles@search=[J0C(%3D0) [ %236%3BH11%3D[ %236 %3BHL Il cceecl &t 17 -

(© Disabler & Cookies™ || C55- £ Forms+ [ Images~ (@ Information= () Miscellaneous™ ./ Outline- . 3 Resizer . Tools™ || View Sourcer -~ Options
J. @Chemicalcompounds | + F

Chemical compounds Similarity Substructure Algorithms References Features Templates Models Ontology RDF playground Help @

| Google P |

ToxPredict TTC Depiction Datasets

_— m h . Keywords
C . . . u . Search for substructure and properties

This site and AMBIT REST services are under development!
Search results SMARTS []JOC(=0)[#6. Download as @ [@@ e [ B i) ¥ ‘3 Max number of hits: 100

[l pefault
[l 1dentifiers
[ patasets

Cmodels

[ClEndpoints

Clan

descript o . .
escriptors - 30.11.2010 78-37-5 201-110-3linalyl cinnamate

Clpka r&,_""
[CIMolecule
size

[ClElectronic
descriptors
(PM3

optimized |
structure) 0 O
[l Electroni
ectromic 30.11.2010 90-50-6 201-999-83,4, 5-trimethoxycinnamic acid

L I SMARTS  [JOC(=0)[#6:H1]=[#6:H1]cTccece raw substructure’

fS)ela

hS)ely

descriptors
(original

structure) =
COToxtree: B
Cramer rules
P i

http:/ /apps.ide: i
< i 3

&

"'é‘.‘:'
OpenT X =



Creation of VO from Collaboration Pool

> TR
Opportunity ||-:> ‘

P

Call for Tender
Need for joint effort
Major project
N— -

Virtual Organisation

Coordinator Partner 5 Partner 7

Partner 6

S S
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Synergy Drug Design Collaboration Pilot
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Recording of Collaborative R&D
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Fig. 1. Stimulation of LFA-1 through ICAM-2 and ICAM-3 in the presence of CD3/CD28 co-stimulation does not activate caspase-3. (A) Intracellular
staining of cleaved-caspase 3 in cells treated with ICAM-1, ICAM-2, ICAM-3, CD3, CD3/CD28, CD3/CD28/ICAM-1, or CD3/CD28/ICAM-2, or
CD3/CD28/ICAM-3. Naive T cells were stimulated in 96-well coated plates and stained for CD4-PercpCy5.5 and intracellular cleaved-caspase-3-PE at
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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




1. A library of compounds is entered to the ELN

Synergy

OpenTox
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2. Each compound is assighed a data structure in ELN

Model 2

i Model 3

Px

Synergy

OpenTox
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4. OpenTox computes toxicity predictions




5. OpenTox sends back a report to ELN
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6. ELN sends the results to SYNERGY
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7. SYNERGY applies the Recommendation Rules

Recommendation Rules:

Non-toxic,
0lgio E high confidence

010 \ Inconclusive
00 1 i:@ results,

011 . e 4 further study
needed
101

111 Toxic,
high confidence

ELN

N
Synergy

3

—
3

=} Model 2

[
o
s
=
1

OpenTox




8. Inconclusive data = SYNERGY calls a meeting
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9. Experimental assays confirm toxicity
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Development and Use of Predictive

Toxicology Applications

OpenTox Workshop
19 Sept. 2010, Rhodes, Greece

OpenTox Framework Design

Christoph Helma
(in silico toxicology)
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Initial Motivation

* Predictive Toxicology applications heed common components, e.g.
e Access to datasets
» Algorithms for descriptor calculation and model building
 Validation routines

* These components have to be reimplemented for every new
application

* If we had these components readily available we could
e Quickly build new applications for specific purposes
e Experiment with new combinations of algorithms

e Speed up method develoment and testing

-
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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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» Platform independence

 Interoperability for communication with
external programs and data sources

* Transparency for scientific and regulatory
credibility
* Open for future extensions
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Technological Choices

« Webservices

« Comunication through well defined
interfaces

* Ontologies for the exchange of knowledge
and data

» Use and promote open standards
* Open source components
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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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Interface Definitions

Description Method

Retrieve SPARQL GET
query results

Predefined query GET
to retrieve all
models

! Predefined query GET
to retrieve all
endpoints

|1 Predefined query GET
v toretrieve all
algorithms

| Submit SPARQL POST
query and/or
OpenTox service
URL

——
—

OpenT:;

URI

{ontology

{ontology/models

{ontology/endpoints

{ontology/algorithms

{ontology

Parameters

?query=SPARQL_QUERY
(mandatory)

uri[]J=URL of a OpenTox
RDF resource

query=SPARQL_QUERY

Result Status codes
RDF representation of the query 200,404,500
results.

RDF representation of all models.

RDF representation of all endpoints.

RDF representation of all
algorithms.

RDF representation of the query 200,404,500,502
results, If query is specified.

if urif] is specified, the server
retrieves a RDF representation and
adds it to the RDF storage, thus
making it available for the
subsequent queries.




What?

* Formal, shared conceptualization of a domain

Why?

 Distributed services need to be able to “talk to each other”, e.g.
have a common understanding of endpoints, properties, methods,
etc.

* Allows us to integrate existing knowledge from many related
domains
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What can you do with OpenTox
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» OpenTox is a framework for predictive toxicology

» Designed for language independence, interoperability,
transparancy and extensibility

* Implemented as open source REST webservices

» Exchange of data and knowledge with ontologies
(OWL-DL)

* OpenTox components: Compound, Feature, Dataset,
Algorithm, Model, Validation, Report, Task,
Authentification and Authorisation

* Documentation: www.opentox.org/dev
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http://www.opentox.org/dev/apis

Development and Use of Predictive Toxicology

Applications

An OpenTox Workshop
19 Sep 2010, Rhodes, Greece

Application Programming Interfaces

presented by Nina Jeliazkova
(Ideaconsult Ltd., Bulgaria)
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Framework design rationales

User Requirements . Software Requirements

Umambiguous data = formal way of representing information about data
Unambiguous access = well-defined interfaces

Transparency of = formal way of representing information about
computational tools methods, well-defined interfaces

Variety of user groups = simplicity and modularity of design

Need to integrate various = distributed architecture, interoperability
resources (e.g., databases,

prediction methods,

models, ...) to make

meaningful predictions

Need to integrate = again, modularity of design, extensibility
biological information

-
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The framework

 OpenTox API
. . Report
— The way applications talk to each other o
— The way developers talk to applications e
— http://opentox.org/dev/apis/api-1.1 <2l
«  The basic building blocks: Dataset T
— data, chemical structures, algorithms PosT ;E;:E
and models. DELETE e
« Functionality offered Eeature CELETE
— build models, POt
— apply models, DELETE

— validate models,

Technologies ,
cREsT e Web servi Web seryjces Web services

— REST style web services
AINKHATGT | Reporting | Validation
service data service service
s

— RDF for description of resources
— Links to existing and newly developed Reg1strat1
Web servjces

ontologies (mainly to describe W$ A ’F
metadata) about resources
e

OPenTox = |deaconsult Ltd.




Representational State Transfer (REST)

A software architecture style, defined by Roy Fielding in his PhD thesis (2000). Many services worldwide offer REST
API. There are (currently) no standards for RESTful applications, but merely design guides.

Design principles:
* Resource oriented

— Every object (resource) is named and addressable (e.g. HTTP URL ) Example:
http://example.opentox.com/model/myBestModel , http://example.opentox.com/compound/50-00-0

— RESTTfull API design starts by identifying most important objects and groups of objects, supported by
the software system and proceeds by defining URL patterns.

« Transport protocol
— HTTP is the most popular choice of transport protocol, but other protocols can be used as well
»  Operations

— All resources (nouns) support the same fixed and universal number of operations (verbs). HTTP
(GET, POST, PUT, DELETE) operations are the common choice, when the transport protocol is
HTTP.

» Hypermedia as the Engine of Application State

— All resources should be reachable via a single (or minimum) number of entry points into RESTful
applications. Thus, a representation of a resource should return hypermedia links to related resources

» Error codes (for each resource/operation pair )
— HTTP status codes (e.g. 200 OK, 400 Bad Request, 404 Not found, etc.) are usually used

‘:_.,—l--_-_-"
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OpenTox resources (1)

OpenTox considers the following set of entities as essential building blocks:
» Structures of chemical compounds
* Properties and identifiers of chemical compounds

« Datasets of chemical compounds and various properties (measured or calculated)
« Algorithms

— Data processing algorithms
« Algorithms generating certain values, based on chemical structure (e.g. descriptor calculation)
« Data preprocessing (e.g. Principal component analysis, feature selection)
» Structure processing (e.g. structure optimization)

» Algorithms, relating set of structures to another set of structures (e.g. similarity search or
metabolite generation)

— Machine learning algorithms
» Supervised (e.g. Regression, Classification)
* Unsupervised (e.g. Clustering )

— Prediction algorithms, defined by experts (e.g. series of structural alerts, defined by human
experts , not derived by learning algorithms)

‘:_.,—l--_-_-"
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OpenTox resources (2)

« Models are generated by respective algorithms, given specific parameters

« Statistical models are generated by applying statistical/machine learning algorithms
to specific dataset and parameters

* Models can be other than statistical, e.g. expert defined rules, quantum mechanical
calculations, metabolite generation, etc. The intention of the framework is to be
generic enough to accommodate varieties of predictive models.

« Validation provides procedures independent of model building facilities (e.qg.
crossvalidation) and generates relevant statistics.

» Reports

— Marious types of reports might be generated, using building blocks above (e.g. validation
report can be generated using validation object, a model and a dataset).

« In addition, the following components are introduced:
— Task (asynchronous processing of computationally intensive tasks)
— Authentication and authorization (Ensuring secure access to sensitive resources)

— Ontology service (provides an RDF storage and SPARQL endpoint for resources
registration)

‘:_.,—l--_-_-"
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Resources identification

All resources are identified via unique web address, assigned according to the URL templates

Component Description URL Template (example)

Compound Representations of chemical compounds http://host:port/compound/{compoundid}

Feature Properties and identifiers http://host:port/feature/{featureid}

Dataset Encapsulates set of chemical compounds and their property | http://host:port/dataset/{datasetid}
values

Model OpenTox model services http://host:port/model/{modeld}

Algorithm OpenTox algorithm services http://host:port/algorithm/{algorithmid}

Validation, A validation corresponds to the validation of a model ona | http://host:port/validation/{validationid}

Report test dataset. http://host:port/report/{reportid}

Task Asynchronous jobs are handled via an intermediate Task http://host:port/task/{taskid}

resource. A resource, submitting an asynchronous job
should return the URI of the task.

Ontology service

Provides storage and SPARQL search functionality for
objects, defined in OpenTox services and relevant
ontologies

http://host:port/ontology

Authentication and
authorisation

Granting access to protected resources for authorised users

http://host:port/opensso

http://host:port/opensso-pol

-
— —
—

OpenTo

—
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OpenTox REST operations

Individual resources (e.g. a dataset or a model)

URI template http://host:port/{resource}/{resourceid}, e.g.
http://host:port/model/{model id} or http://host:port/dataset/{dataset id}

GET - retrieve representation of the resource
PUT - update representation of the resource
POST :

— replace representation of the resource with a new one (e.g. replace the dataset with new
content)

— initiate calculations, based on this resource (e.g. submit dataset URI to an algorithm resource and obtain a
model URI as a result)

DELETE - delete the resource

Collections of resources (e.g. list of all available models, or datasets)

OpenT:;;

URI template http://host:port/{resource} , (e.g. http://host:port/model or http://host:port/dataset)
GET - retrieve representation of multiple resources ( e.g. retrieve all available algorithms)
PUT - N/A

POST - create new resource and return its URI (e.g. create a new dataset by submitting new dataset
content to the dataset service)

DELETE - N/A

—
—
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Build a predictive model

Model servic

|
L /model/{id}

Validatiqn service
1

/validation/id

c~_—
Create a model, Returns the model URL HTTP POST
Run calculations with http://host1/model/id
dataset
http://host1/dataset/id
Dataset service AlgonthmI service
[ . |
Structures, Regression ad
descriptors, Classification —
Quantum Chemistry .
Ontology service
|

|
Published models,
Algorithms,
Ontologies,
metadata

Descriptors, etc.

endpoints

HTTP POST

Build a predictive model




Uniform approach to models creation

Read data from a web address - process - write to a web address

Dataset

GET +
POST = Model
PUT
DELETE GET
POST
Feature PUT
GET DELETE

POST
PUT

DELETE

http://myhost.com/algorithm/neuralnetwork

http://myhost.com/dataset/trainingset1

=
——

OpenTox e

—
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Use an algorithm to build a model

*An algorithm is applied by submitting
HTTP POST to the algorithm URI and
providing required parameters.

A common required parameter is
dataset_uri=http://host:port/dataset/{da
tasetid}, which specifies the data set to be
operated on.

*HTTP POST iIn REST style services
returns URI of the result, and not the
content of the result.

*The algorithm services are designed to
store the results into a dataset service and
return the URL of the resulted dataset.

*In case of slow calculations a Task URI,
Instead of the dataset URI is returned

——
—

OpenT§£

S curl -H "Accept:text/uri-list" -X POST -d
'dataset_uri=http://apps.ideaconsult.net:8080/ambit2/dataset/1037' -d
'prediction_feature=http://apps.ideaconsult.net:8080/ambit2/feature/26
701' -d
'dataset_service=http://apps.ideaconsult.net:8080/ambit2/dataset’
http://opentox.informatik.tu-muenchen.de:8080/0OpenTox-
dev/algorithm/J48 -iv

* Connected to opentox.informatik.tu-muenchen.de (131.159.28.16) port
8080 (#0)

»POST /OpenTox-dev/algorithm/J48 HTTP/1.1

»> Host: opentox.informatik.tu-muenchen.de:8080

»Accept: */*

> Content-Type: application/x-www-form-urlencoded

< HTTP/1.1 202 Accepted

< Date: Sat, 31 Jul 2010 14:46:38 GMT

< Location: http://opentox.informatik.tu-muenchen.de:8080/0OpenTox-
dev/task/acdf6eac-d5a2-402c-a4e2-06cd7e3calb5s

< Accept-Ranges: bytes

< Server: Noelios-Restlet-Engine/1.1.snapshot

< Content-Type: text/uri-list;charset=1SO-8859-1

< Content-Length: 99

<

* Connection #0 to host opentox.informatik.tu-muenchen.de left intact
* Closing connection #0
http://opentox.informatik.tu-muenchen.de:8080/0OpenTox-
dev/task/acdf6eac-d5a2-402c-ad4e2-06cd7e3calb5

Ideaconsult Ltd.
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Resources: The model

S curl -iv -H "Accept:text/uri-list" http://opentox.informatik.tu-
muenchen.de:8080/OpenTox-dev/task/acdf6eac-d5a2-402c

* About to connect() to opentox.informatik.tu-muenchen.de port 8080 (#0)

* Trying 131.159.28.16... connected

* Connected to opentox.informatik.tu-muenchen.de (131.159.28.16) port 8080 (#0)
> GET /OpenTox-dev/task/acdf6eac-d5a2-402c-a4e2-06cd7e3calb5 HTTP/1.1

> User-Agent: curl/7.18.2 (x86_64-pc-linux-gnu) libcurl/7.18.2 OpenSSL/0.9.8g

*When task URI is returned , the
returned status code is HTTP 202
Accepted, instead of HTTP 200
OK.

*This tells the client the processing
Is not completed and the client need
to poll the task URI until OK code
IS returned

*The final result, returned by
Example 25 is the URI of the new
model http://opentox.informatik.tu-
muenchen.de:8080/OpenTox-
dev/model/TUMOpenToxModel j4
8 48.

*To obtain prediction results POST
a dataset to the model URI

——
—

OpenT§£

zlib/1.2.3.3 libidn/1.8 libssh2/0.18

> Host: opentox.informatik.tu-muenchen.de:8080

> Accept:text/uri-list

>

< HTTP/1.1 200 OK

< Date: Sat, 31 Jul 2010 14:47:22 GMT

Date: Sat, 31 Jul 2010 14:47:22 GMT

< Location: http://opentox.informatik.tu-muenchen.de:8080/0OpenTox-
dev/model/TUMOpenToxModel j48 48

< Vary: Accept-Charset, Accept-Encoding, Accept-Language, Accept

< Accept-Ranges: bytes

< Server: Noelios-Restlet-Engine/1.1.snapshot

< Content-Type: text/uri-list;charset=1S0-8859-1

< Content-Length: 86

<

* Connection #0 to host opentox.informatik.tu-muenchen.de left intact
* Closing connection #0
http://opentox.informatik.tu-muenchen.de:8080/0OpenTox-
dev/model/TUMOpenToxModel j48 48

Ideaconsult Ltd.
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Descriptors calculation

Read data from a web address - process - write to a web address

Dataset

GET
POST
PUT

Dataset

+ clay
POST

DELETE il

Feature

DELETE
Feature

GET
POST

PUT
D

GET
POST
PUT
DELETE

http://myhost.com/algorithm/{descriptorX}

http://myhost.com/dataset/trainingset1
http://myhost.com/dataset/results

Uniform approach to data processing (e.g.




Uniform approach to models validation and
report generation

Read data from a web address - process - write to a web address

http://myhost.com/dataset/trainingset1

http://myhost.com/dataset/predictedresults1 Validation report

Dataset

GET

POST Report

PUT

DELETE GET
POST

Model generating PUT

DELETE

predictions

Model

GET
POST

http://myhost.com/report/1

PUT

DELETE

OpenTox = 5
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Apply predictive models

mel service
Apply the model

/mOdell{l http://host1/model/id
to dataset
http://host2/dataset/id SPARQ

HTTP POST

Aopk Vo Geeghgs Vb Wit Nesa 07 Feple®

ToxPredict

Returns the results : [FESA

dataset URL
http://host/dataset/id

Ontology

Published models,
Algorithms,
Ontologies,
metadata

Retrieve available
endpoints and model
URLs, e.gq.
http://host1/model/id




Uniform approach to model prediction

Read data from a web address - process - write to a web address

Dataset
Dataset
GET
POST GET
PUT POST
DELETE PUT
DELETE
Feature
Feature

GET

POST GET

PUT POST

DELETE PUT
DELETE

http://myhost.com/dataset/id1

-
e, —
E——

—

http://myhost.com/dataset/results1
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RDF - Resources representation

*  The opentox.owl ontology All OpenTox components are defined by
— A common OWL data model of all OWL ontology
OpenTox resources http://opentox.org/api/1.1/opentox.owl
— Describes OpenTox resources All resources are subclasses of

ot:OpenToxResource

ot:OpentoxResource

— Describes relationships between them
— Generates object's RDF representations. -
otAlgorthm otFeature ot FeatureVakie o:Datantry

 RDF/XML representation is mandatory for D D D
OpenTox resources. D

» Uniform approach to data representation

— Calculated and measured properties of
Chemical Compounds are represented in an oParameler othodel - DoDatasel
uniform way -

— Linked to the resource used for data
generation

— Annotated via ontology entries

— Model representations link to algorithms
and data used

Otparameters Vragorthm | ot MaassebtitinblesOkhasSource “oldataEnt

| Et:r?nﬂaqﬂ. asel

e T'/{Jl__\ra\idat‘vanﬂ‘estﬁzzlu'mt‘l sl
! mvgmmm\edDalasetUR\ oTash

N |
‘:::Lh:if‘-.h(ur;.l\.m\nh (][]

—
—
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Services implementation by partner and

service type

All components are implemented as REST web services.
There could be multiple implementations of same type of
components.

(Subset of) services could be hosted by the same provider, or
by multiple providers on separate locations.

and Authorisation
Ontology service

Partner No.
/Service type
Compound
Algorithm
(processing)
Validation
Autherntication
service

3 Y Y
5 Y Y Y

6 Y Y Y Y

7 Y Y

10 Y




Demo applications

» Two end user oriented demo applications, making use of OpenTox
webservices, have been developed, deployed and are available for

testing - http://toxcreate.org and http://toxpredict.org ;
« ToxCreate creates models from user supplied datasets;

« ToxPredict uses existing OpenTox models to estimate chemical
compound properties

[ R TSE pap—
& e o pom speny fetemte jen oy
= r— W - “ - Cc ~ © T ——————— [ Pe————
TouCreate Jt's-w:»:.-.v COF Tl 4 vager O Whsmaner < Muheener . Ovtime | | Bosser 7 Toster |3 Ve boamw  Dysans
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- iy ey e o il e e g e by yts e ey e b s L Tox”ELe"—d-ict
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ToxPredict: a detailed case study

» ToxPredict estimates the chemical hazard of chemical structures.
It relies on OpenTox API-v1.1 compliant RESTful webservices.
Users can either search the OpenTox prototype database, which
includes currently quality labelled data for ~150,000 chemicals,
grouped in datasets, or upload their own chemical structure data.
ToxPredict provides access to 14 ready to use models, addressing
13 different endpoints

» ToxPredict uses the following OpenTox webservices: Compound,
Feature, Dataset, Algorithm, Model , Task and Ontology;

« more details on its interactions with OpenTox webservices which
are taking place behind the scenes and without requiring any end-
user intervention;

_—
——
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ToxPredict: Step 1 (Select structure(s))

Find structure by name, registry
number, SMILES, InChl, structure,
substructure, similarity...

OT Dataset APl HTTP GET

ToxPredict
Web
Application

OT Dataset
Service

text/uri-list,

application/rdf+xml,
chemical/x-daylight-smiles
chemical/x-mdl-sdfile,...

Here is the list of structures as
URI links, RDF, MOL or SMILES.

-
. —
E—
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ToxPredict: Step 2 (Verify structure(s))

Select and/or edit structure(s)

OT Dataset APl HTTP GET
(HTTP POST for structure editing)

>

ToxPredict
Web
Application

OT Dataset
Service

text/uri-list,
application/rdf+xml,
chemical/x-daylight-smiles
chemical/x-mdl-sdfile,
image/png

Here is the list of structures as

URI links, RDF, MOL, SMILES or
images.

-
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E—
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ToxPredict: Step 3 (Select model(s))

What prediction models are
available? Is there a model for
endpoint X?

HTTP GET SPARQL query

ToxPredict
Web
Application <

OT Ontology
Service

application/sparql-results+xml

Here is the list of model URIs and
related endpoints and algorithms
in SPARQL format.

-
. —
E—
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ToxPredict: Step 3 (behind the scenes)

OT Algorithm, Model and Feature
services have registered the
corresponding lists of algorithms,
models and features in the OT
Ontology Service by POSTing URIs
of these objects.}

OT Algorithm OT Ontology APl HTTP POST
Service

OT Model OT Ontology APl HTTP POST
Service

OT Ontology
Service

OT Feature OT Ontology APl HTTP POST
Service

-
h‘
-_—

—
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ToxPredict: Step 4 (Estimate)

Run the selected models.

OT Model API HTTP POST with
. parameter dataset URI from
Web

Application

>

OT Model
Service

HTTP code 202 “Accepted”
Model task URI in
HTTP:location header

~ The calculation will take a while; | Create
here is a task URI, which can be a new OT Task
queried for processing status. task. Service

Ideaconsult Ltd.



ToxPredict: Step 4 (Estimate)

Is the task completed?

OT Task APl HTTP GET on task URI

>
ToxPredict

Web
Application

OT Task
Service

HTTP code 202 “Accepted for processing”
Returns Task URI

Not yet, but processing has finished and the results have
been posted to the OT Dataset service; here is a task URI
for the dataset import.

Ideaconsult Ltd.



ToxPredict: Step 4 (Estimate)

ToxPredict
Web
Application

Is the task completed?

OT Task APl HTTP GET on task URI

>

OT Task
Service

HTTP code 200 “OK”
Returns Dataset URI

Yes, here is the dataset URI of the results.

Ideaconsult Ltd.



ToxPredict: Step 4 (behind the scenes)

Does the model make use of
descriptors?

OT Ontology AP| HTTP GET
o SPARQL
ToxPredict W

Web
Application <

OT Ontology
Service

application/sparql-results+xml

Yes, here is a list of features and algorithms, used to
calculate descriptors for the training set.

Ideaconsult Ltd.



ToxPredict: Step 4 (behind the scenes)

Are the descriptor values for query compounds
already calculated and available in the OT

database?

OT Dataset API| HTTP GET

ToxPredict
Web
Application

OT Dataset
Service

HTTP code 404 “Not Found”

No, the descriptor values for query compounds are not
available in the OT database.

"'é‘.‘:'
OpenT X =

Ideaconsult Ltd.



ToxPredict: Step 4 (behind the scenes)

Submit the results to OT Dataset
OT Dataset service. Service
OT Dataset APl HTTP POST

Calculate
descriptors.

OT Algorithm APl HTTP POST with
. dataset URI of query compounds as
TOXPred]Ct input parameter
Web
Application

=
OT Algorithm

Service

HTTP code 202 “Accepted”
Algorithm task URI in
HTTP Location: header

The calculation will take a while; here is
a task URI, which can be queried for
processing status.

Create
a hew OT Task
task. Service

-
e
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ToxPredict: Step 4 (behind the scenes)

Is the task completed?

OT Task APl HTTP GET on task URI

>
ToxPredict

Web
Application

OT Task
Service

HTTP code 200 “OK”
Dataset task URI in
HTTP Location: header

Yes, here is the dataset URI of the results.

Ideaconsult Ltd.



ToxPredict: Step 4 (behind the scenes)

Run the selected models.

OT Model API HTTP POST with the
. new dataset URI as input
TOXPred]Ct parameter

Web
Application

>

OT Model
Service

HTTP code 202 “Accepted”
Model task URI in
HTTP:location header

The calculation will take a while;
here is a task URI, which can be
queried for processing status.

Create
a hew OT Task
task. Service

- ... the remaining part of the Estimation step
OPenTa;‘z—-—--““" has been described “

Ideaconsult Ltd.
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ToxPredict: Step 5 (Display results)

Retrieve calculation results from
the final dataset URI, obtained in
Step 4 (Estimation).

OT Dataset API| HTTP GET

ToxPredict
Web
Application <

OT Dataset
Service

application/rdf+xml

Here is the dataset content in RDF format, according to
OpenTox.owl and containing estimation results, as well as
compound identifiers and experimental data.

Ideaconsult Ltd.



Development and Use of Predictive Toxicology

Applications

An OpenTox Workshop
19 Sep 2010, Rhodes, Greece

Ontology and Data Schema

Olga Tcheremenskaia
Romualdo Benigni

S
VQJ” ? «{5’

(Istituto Superiore di Sanita, Rome, Italy)
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Ontology: presentation plan

« What is an ontology?

« OWL and OBO languages, Protégé Editor
» Biomedical ontologies

« OBO Foundry Principles

Introduction, Tools,
Principles

« Why we need an ontology for the OpenTox?

 Principles of the OpenTox toxicological endpoint
ontology development

Incorporation of Ontologies
into OpenTox

 ToxML data standard

ToxML data standard « Toxicological Databases mapping onto ToxML
scheme

e ToxML in ontology development

e Collaborative Protégé Server

» Toxicological Endpoints Ontology structure

e Organs ontology

« OpenToxipedia: community knowledge resource

Ontology Development




OpenTox

What Is An Ontology?
Ontoloies in Information Science

Ontology (Socrates & Aristotle 400-360 BC): The study of being
Explicit description of the conceptualization of a domain

Ontology in Information Science is a base for Semantic Web (a group of
methods and technologies to allow machines to understand the meaning - or
"semantics” - of information)

Ontology Components
* concepts - set of entities within a domain
» relations - interaction between concepts or concept’s properties
* instances - concrete examples of concepts of the domain
« axioms - explicit rules to constrain the use of concepts
Role of Ontologies
» To share common understanding of the structure of descriptive information
* among people
« among software agents
* between people and software
* To enable reuse of domain knowledge
» To introduce standards to allow interoperability

-
e, —
E——

—
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OWL : The Web Ontology Language

Protegé Ontology Editor

« OWL: the Web Ontology Language is the World Wide Web Consortium (W3C) standard

 OWL components:

« a formal description of concepts, terms, and relationships within a given
knowledge domain

» formal computational definitions
» tools for reasoning

« OWL tutorial published by The University of Manchester “A Practical Introduction to
Ontologies & OWL” http://www.co-ode.org/resources/tutorials/intro/

@ oWnloEd EroteEm SORWarEEWInd ovsintern e nEXDIoTer jji
[ P rotege 'iS a free . O pe n SO u rce o nto logy editor @ ‘:\v B http:iiprotege stanford.eduidownload/dewnload htmi [ 45 | %/ protege P

and knOWledgebase framework JFMe Modifica  Visudizza PrJef’erm' Tmemu ? - G%‘E:Co\legamenu s -
],:f n{% IﬁpDowm‘mdpmt&ges"] I @Fagmalmzlale ‘J [;gjjstampa MPagma'
(http://protege.stanford.edu) i a—
protégé

) prOVideS tools for V'isual'iz‘i ng Ontolog‘ies as HOME | OVERVIEW | DOCUMENTATION | DOWNLOADS | SUPPORT | COMMUNITY | WIKI | ABOUT US
. download protégé software
well as for constructing them s o

UG-TNS | core Protégs, Protégé-Frames, and Protége-OWL are available as free software under the open-
ONTOLOGIES | souree Moxzilla Public License.

« facilitates OWL ontology development [ ———

see ai

a n d m a-i n t e n a n C e pnmsc’s‘ﬁwguﬁjs Registered Users: please continue to our download page.

 allows an automated reasoning: RACER is |
a reasoner frequently used with Protege

Protégé is a core component of The Mational Cenl

(www.sts. tu-harburg.de/~r.f.moeller/racer/)

——
—
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Public Biomedical Ontologies Resources

« The Open Biomedical Ontologies (OBO): e R -
ontology development is regulated within the OBO Th“’ S et
Foundry, which defines a set of shared principles '
governing ontology development
http://obofoundry.org

 OBO Foundry principles and criteria:
 The ontology is open and available to be used by all.
 The ontology is in a common formal language.

» The developers of the ontology agree in advance to collaborate with developers
of other OBO Foundry ontology where domains overlap.

» Orthogonality: for any particular domain, there is community convergence on a
single controlled vocabulary.

|| NCBO BioPortal & | k& Open Biological and Biomedical. .,

_ BioPortal | Browse » motte | AlMappngs  AlResources
« Web-based ontology portal: BioPortal p—
(www.bioontology.org/tools/portal/bioportal.ht [E—
ml) allow users to browse, search, and visualize
ontologies.

» Ontology Lookup Service: accessing
ontologies www.ebi.ac.uk/ontology-lookup/

o
2
E
g
]
<
e
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g
5
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5
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K
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Biomedical Application of Ontologies and Examples

* Possible biomedical applications of ontologies:
» Search and query of heterogeneous biomedical data
» Data exchange among applications
* Information integration
» Representation of encyclopedic knowledge
« Computer reasoning with data

» A growing community interest in using and producing biomedical ontologies.

Examples of most important ontology projects:
*Gene Ontology (GO)
*Chemical entities of biological interest (ChEBI)
*Ontology for biomedical investigations (OBI)
*NCI Thesaurus
*Foundational Model of Anatomy (FMA)
*Mouse Adult Gross Anatomy (MA)
*Mouse gross anatomy and development (EMAP)

- Toxicology domain - no ontology available

OpenTox =




Example of ontological representation of terms

SNOMED CT (Systematized Nomenclature of Medicine - Clinical Terms):
Paracetamol (Acetaminophen) example

250f ' h— R

Arnides and derivatives (=]

Show Hierarchy To Root (All Relationships) |+ J

Armnide

Zrganic nitrogen

subClassOf
T = I;A'R_ T cornpound .
_ 1 ] . Sub .
— » Chemical categorized . Pz Tarmm e 'mds_t;(;; %
Chermica structurall 0 C.
7 Py
P i
v ;J’, I' N ) G
% i b £ ubClasst -
» p q?“} ) \
& — PAR e
S Vi Anti-rheurnatic agent - = Acetaminophen
_:'I 1 Anti-inflarnrnatory agent 'R- - -l .
. 1 J
Substance categorized o
I ~ AQ
structurall - %
o ; Analgesic AND &Y, D
i Antipyretic =] i ) &
Substance [ antippratic ¥ &
o~ 7
g ubClassof F -
WX SOf ) ) J] h_ 1--; ) AR o & / Mon-steroidal
— . — \ i Iy
- PAR — - Drug allergen by

AR — - _
1 Naon-opioid analgesic [ structure
< | . bk

-
h, 7;, Drug or rmedicament

!
- s
B R = P?-:R Drug allergen eyhClassO
PRy - < i — Para-arminophenol
b | T A Allergen or PER Drug allergen ar FAR PAR Crug preudoallergen Acetaminophen ar n derivative
: = pseudoallergen “H pseudaallergen “I Drug pseudoallergen <] by function derivative nti-inflarmrnato gen

E‘--i-____'
0
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OpenTox Toxicological Endpoint Ontology

‘Why we need an ontology?

» Distributed services need to be able to “talk to
each other®, i.e. have a common understanding
of endpoints, any type of property, methods, etc |

*Methodology
« Starting from 5 toxicological endpoints
« following OBO Foundry principles

Aquatic ToxicityStudies

ToxicityStudies <]

<=
¢)

BacterialMutagenesisStudies
InvivoMicronucleusstudies

ToxML scheme

i CPDBml |1 olgasml |1 mapping. * b Untitle. |

Other freely available resources: DSSTOX, b onums B8 BXH
GoReni (ITEM), etc ey

- @ xming:xsi
- xstnoNamespaceSchemaLocation
=1 c

Protégé, free open
source OWL (Web OpenTox

Ontology Language) Toxicological
editor Data Ontology

Re-use of pieces or terms defined in
neighboring ontologies (OWL and OBO)

1 StudyCalls
i Entryinformation
1 Background
=4 Tests
S ula Test
o & TestSystem
& Species
b sex
=4 TestResults
=4 EndPoints
=1 EndPoint
1k Type
=4 Value
1 Value
& units
=@ Testealls

Fo
® I Molfile
® 4 Smiles




Toxicological data: needs for standards

ToxML scheme

Need for data standards for automatic data integration
« Example: Carcinogenic Activity

CPDBAS: Carcinogenic Potency Database

ISSCAN: Chemical Carcinogens Database
http://www.epa.gov/ncct/dsstox/sdf cpdbas.ht

http://www.iss.it/ampp/dati/cont.php?id=233&

ml#SDFFields lang=1&tipo=7
ActivityOutcome Canc
active . 3 = carcinogen;
unspecified/blank Integration 2 = equivocal;
inactive

1 = noncarcinogen

ToxML (http://www.leadscope.com/toxml.php)
» is a public initiative led by scientists at LeadScope, Inc

controlled vocabularies and XML scheme for storing chemical toxicity data
the latest version of ToxML public schema (April 7th , 2009)

It is supported by OpenTox for interoperable data communications between services

—

—
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Mapping of the ISSCAN entry - ToxML xsd scheme

CAS 67-66-3
R - :;."&?Ec“.?:f? L Substance ID 4

§ i ~ Samiua A~ ChemName Chloroform
§mehe S Names § Formyl trichloride;
[t B e MR s B methane trichloride;
R S e aon ‘ methenyl trichloride;
i ,{ “'um . : ?;::Y::‘;;I‘;?.‘i Methyl trichloride;

Fi smsesicneers g aTrasia | Synonyms R20;120
Ef e b1 (refrigerant);
Fi Snevineormasion. T e Refrigerant R20;
g y ooy “:_;f;"": trichloroform;
T, Loy El Trichloromethane
epanoneE
L —— = "

- Structure
ula

wowne & | SAL negative

Smiles I

Supplier
TestSystemComments
MetabolicActivation
MetabolicActivationSystem
& TestCondition

Canc positive
Reference CPDB

TestSubjectObservations
EndPoints
TestResultFindings

~M

tType
cipitationComments
TestCytotoxicityComments
& NegativeTestControls

i PositiveTestControls

& Treatments

TD50_Rat 262
TD50_Mouse 90.3
Rat_Male_Canc positive
Rat_Male NTP ND

Rat_Female_Canc positive
Rat Female NTP ND
Mouse_Male_Canc positive

Mouse_Male_NTP ND

»
&
& StudyCalls —

& StudyCaliCriteria

& StudyComments

i StudyCalComments

i ReviewerStudyCaliCriteria
i ReviewerStudyComments
&
a
&
&
)

P!
Entrylnformation
LeadscopeStudyld
Background

.
-
°
it
o
L]
g

# sources

StrainCharacteristics
TargetCell

Sex
Supplier
Testsyste

Mouse_Female_Canc  positive

Mouse_Female NTP ~ ND

TestCaliCriteria

TestSubjectObservations
EndPoints
TestResultFindings
ToxicityMeasure

RtecsTes <
TestPrecipitationComments
TestCytotoxicityComments
& NegativeTestControls

i PositiveTestControls

i Treatments
KnownDruginformation

Modelapplications

Datasets -

MolWeight 119.38
Formula CHCI3

SDF file Connection table
SMILES CIc(cncl




ToxML: mapping of toxicological data

Needs for extensions

« The latest version of public ToxML scheme (Last updated April 7th, 2009) has been
studied in terms of their suitability to map the content of databases candidate for
the OpenTox database using Stylus Studio 2008 XML Enterprise software

» 1. ISSCAN database

« 2. In vivo micronucleus database (in development at the ISS);

« 3. Bacterial mutagenesis database (to be developed at the ISS)
4, RepDose ITEM database (ITEM)

* OpenTox Toxicological Ontology: ToxML integration
 OWL Ontology: Classes and Hierarchies on the base of ToxML scheme

« Extension needs:
* Free text field: TargetSite - Organs Ontology and Effects Ontology to
avoid a huge variability of terms, as each laboratory/researcher is able
to enter his individual description of an observed effect

* Introduction of relationship between

different classes, restrictions: e.g., EY
introducing the property ( hos_Test_Species anly (€ co or sekronets)
“has_Test_Species” limites the test species ® ToictyShutesTypes

suitable for certain toxicity study.
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Collaborative Protégé: why?

« annotating ontology components .
» tracking changes, history of concept .
» discussion, live messages .

proposals and voting

OpenTox: Collaborative Ontology Development

searching and filtering

defining users, groups, policies
available in multi-user mode

“”ﬂ Toxicological+Ontology Protégé 3.4.4  (rmi://opentox/Toxicological+Ontology)

File Edit Project ©WL Reasoning Code Tools

‘Window  Collaboration  Help

OEE tBE myg &9 4B
[ @ Metadata(Ortology.owl) | | OWLClasses | MMl Properties | 4 Individuals | © Jambalaya | ) cottaboration
SUBCLASS EXPLORER W CLASS EDIT wlClass RS NERT] -
[SUBCLASSEXPLORER )\ OR for LOEL (instance of o ) " oridogy ntes | 80 Searcn |
For Project: @ For Class: |httpoiiwww opentox.orgiOntology owl#LOEL [ Inferred View = .
o ] T Changes ’/ | Allnotes
Asserted Hierarchy w tf> Q Eﬁ Q’ @ '—E B I 'Ent'rty notes
T posttive = Property | alue '
p O target_cells rdfs:comment lowest-observed-effect-level Hotes for LOEL
O Towic_effects Filter|=None= '" || &% “_‘GO
¥ 0 Tovicity_Mesures (1)
. el
O sctivityConcernLesvel el g ...Musmga "c| Commert
¥ O cane "l lvich (0506410 03:05); colaborative protecs
O carcinogen_3 ﬁ é} Q: &
. equivocal_2
. noncarcinogen_1
.ECSD .'h'oxic'rtv Mesures|
@ Leso 000 006 900 MEER
@l 1 |
> 5 Severity om * oG G D O —
© TDs0_Mouse |
© TDS0_Rat
O Toxicty_Mezures_Units
e Tumor TargetSite —
|| N T
O ToxicityStudiesTypes [+ A T | 0 1] S [»
| |'| i3} :jjj :0 (:,—2 &] —* & e - Logic View o Properties View | |v| &

-ﬂ & Microsoft Outlo.., “ ¢ Protege.exe

Java(TM} Pl...

['I‘(_'j:, Microsoft Powe,

ki

-| [C 3 Esplora riso...
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Toxicological Ontology: graphical representation

gt el -
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Ontology For Target Organs

» Contribution of Fraunhofer Institute for Toxicology and Experimental Medicine
(ITEM)

» Ontology Development on the base of INHAND (International Harmonization of
Nomenclature ad Diagnostic Criteria for Lesions in Rats and Mice)

Organs system (class) - Subclass organs system
Target organs (class) - Targets organs (subclass 1 to N)
Histopathology (class) - Histopathology (subclasses if needed)

. Key Features of the ITEM Organs Ontology:
more synonyms regarding organ systems, target organs and their subclasses
« organs are more detailed, up to histological components
« organs linked to different organ systems (e.g. ovaries)
« reviewed by pathologists, who have been involved in the INHAND process
« 12 organ systems fully described

* Perspectives:
« linking of the organ systems and their components with pathologic effects

‘"’-:‘.‘:'
OpenT -




gestive system example

Ontology For Target Organs: D

_classorgan-system »}—— subclass-organ-system =}—— classtargetorgans *=}—— subclasst-organs »}—— subclass2-organs =—— subclass3-organs = F—— classi-histology

l

bandages
+ _ fectum sigmoid_colon
g Aepiploicae
anus f appendix_vermiformis transverse_colon ' Bt
\ L P S
v e o A - L " musculature
s .:.1/
A . large_intestine =<} ~4 colon o <_ascending_colon
=) : Y ,
Iml,dloonlvo_lyﬂom/' N . 'J\ semilunar_folds
> \ - AN\
' _ small_intestine » 1 jejunum < redundant_colon X
N ) serous_membrane =} <_histological__components
" mouth " ileum descending_colon
 digestive-system < mucose_layer
V A pharynx " duodenum
3 X o - . esophagus

<

uppn_d-qo:tiw_:mom/_

s <E v

% o [ stomach
gall_bladder
" liver

pancreas

h

-l-..--h-_.___-’
LS —_— * ¥ ok

OpenT X




OpenToxipedia: community-based, predictive
toxicology knowledge resource

 The OpenToxipedia content has moved to the new Semantic Media Wiki (SMW)
platform. You will find a link to it at the common page
http://www.opentoxipedia.org
« Community based collaborative database
» Automatically-generated lists.
* Improved data structure, semantic terms annotation
« External reuse: RDF export and import in Protégé Ontology Editor

« Creating, adding, editing and keeping
terms used in toxicology terminology

OpenToxipedia
» 862 toxicological terms with description
and literature references classified into 26 eerlogn > ian page > e >
categories N
Navigation Type:Term
* Transparency and scientific basis of ?t;g OpenToxipedia Terms
information SZ:?J?Ugnftir:::‘tj (previous 200) (next 200)
Tandom page Properties of type "Term"

* Curation by the OpenTox toxicologists

-
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Plan for Future Work

« Continue collaborative ontology development using the Collaborative
Protegeé server, covering more toxicological endpoints

« Review carefully all existing OBO and Bioportal ontologies, find the
overlapping ontology, valuate the possibility of import

« External collaboration, e.g., with Ontology for Biomedical
Investigations (OBI) group

» Setup Protege sub project for in vitro assays ontology (ToxCast data)

» Upload OpenTox Toxicological Endpoints Ontology to the BioPortal
Web Site

* OpenToxipedia: community based development

OpenTox =




OpenTox Ontology Working Group

« External collaboration
» Barry Hardy

» Algorithms and features ontology
* Nina Jeliazkova, Vedrin Jeliazkoyv, lvelina Nikolova
* Christoph Helma
« Tobias Girschick
* Andreas Karwath
» Georgia Melagraki
* Sunil Chawla
« David Gallagher

- Collaborative Protégé administrator
* Micha Rautenberg

» Toxicological Endpoint Ontology
« Aldo Benigni, Sylvia Escher, Helvi Grimm, Alexey Lagunin, Olga
Tcheremenskaia

OpenToxipedia
» Alexey Lagunin, Sergey Novikov, Natalya Skvortsova

OpenTox =




Development and Use of Predictive Toxicology

Applications

An OpenTox Workshop
19 Sep 2010, Rhodes, Greece

Data management and integration

presented by Nina Jeliazkova
(Ideaconsult Ltd., Bulgaria)

——
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—
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Outline

* Ontology Server

« Using the Dataset API

« Dataset Integration

« Data quality and accuracy

Dataset

Encapsulates set of chemical compounds and their property

values

Component Description URL Template (example)
Compound Representations of chemical compounds http://host:port/compound/{compoundid}
Feature Properties and identifiers http://host:port/feature/{featureid}

http://host:port/dataset/{datasetid}

Ontology service

Authentication and

authorisation

Provides storage and SPARQL search functionality for objects,
defined in OpenTox services and relevant ontologies

Granting access to protected resources for authorised users

Model OpenTox model services http://host:port/model/{modeld
Algorithm OpenTox algorithm services http://host:port/algorithm/{algorithmid}
Validation, A validation corresponds to the validation of a model on a test http://host:port/validation/{validationid}
Report dataset. http://host:port/report/{reportid}
Task Asynchronous jobs are handled via an intermediate Task http://host:port/task/{taskid}

resource. A resource, submitting an asynchronous job should

return the URI of the task.

http://host:port/ontology

http://host:port/opensso
http://host:port/opensso-pol




OpenTox

Distributed Web services for predictive toxicology
« REST technology

— Every object has an unique URI

— URIs are dereferensable

— Multiple representation of an object is encouraged (e.g. RDF, but also others)
— Fixed operations - GET, PUT, POST, DELETE

« Every object has RDF representation
— Compounds
— Datasets
— Compound properties
— Prediction algorithms
— Models
— Validation statistics
— Reports

e Ontologies: Opentox.owl, Blue Obelisk algorithm ontology, OpenTox
algotihm types ontology, OpenTox endpoints ontology, based on ECHA
endpoints classification; specific endpoints ontologies, developed by ISS &

TEM=__ “
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Ontology service

*RDF triple storage
*REST interface for
registration of OpenTox
objects

*HTTP POST
*SPARQL
squery

4"
h

=

OpenTo =

@ Search Opentox RDF - Mozilla Firefox

File Edit View History Bookmarks Tools Help

6 c

@ Disabler & Cookies® || €55 [ Forms™ | Images™ @ Information~ .| Miscellaneous™ ./ Outline~ o Resize  Toolsr ﬂ View Sourcer -~ Options™ X
9 T o Opf

Q ['E @ http://apps.ideaconsutt.netB080/ontelogy/query/ Endpaints

[#] Search Opentox RDF

Features Algorithms Models Endpoints
Import RDF data into Ontology service

URL

Ontology service 17969 triples

SPARQL

PREFIX ot:<http://www.opentox.org/apif/l.13>
IFREFIX ptg_g:<.1ttp://www.opentux.urg/ecnaEndpoint,s.owlb

select ?Endpoints ?title ?id
where {

OPTIONAL {?Endpoints dc:identifier ?id}.

Results [found in 1 ms]

s

title ¥ id

«»

Endpoints

http:#www opentox orglechaEndpoints. owkPhysicoChemicalEffects "Physicochemical effects “*hitp:iwww w3.org/2001/XMLSchema#string " hitp:/hwww.w3.0rg/2001XMLS chema#string

http:#lwww.opentox orglechaEndpoints.owkToxicoKinetics Toxicokinetics "“hitp:/fwww.w3.0rg/2001/XMLSchema#string "5 hitp:/fwww.w3.0rg/2001XMLS chema#string

hitp:ifveww.opentox.org/echaEndpoints owiE cotoxicEffects "Ecotoxic effects™hitp:/www.w3.0rg/2001XMLSchema#string "I http:fwww. w3.0rg/2001XMLSchema#atring

http:#iwww.opentox orglechaEndpoints. owBEnvironmentalFateParameters Environmental fate parameters “*hitp:/fwww.w3.0rg/2001/XMLSchemadstring "2 hitp:/hwww.w3.0rg/2001XMLS chema#string
"$"hitp:/hwwew.w3.0rg/2001XMLS chema#string

http:#www opentox. orglechaEndpoints. owBHumanHeakhE fects "Human health effects™*hitp:/iwww.w3.0rg/2001XMLSchema#string

“»
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Build a predictive model

Model servic

|
L /model/{id}

Validatiqn service
1

/validation/id

c~_—
Create a model, Returns the model URL HTTP POST
Run calculations with http://host1/model/id
dataset
http://host1/dataset/id
Dataset service AlgonthmI service
[ . |
Structures, Regression ad
descriptors, Classification —
Quantum Chemistry .
Ontology service
|

|
Published models,
Algorithms,
Ontologies,
metadata

Descriptors, etc.

endpoints

HTTP POST

Build a predictive model




Apply predictive models

mel service
Apply the model

/mOdell{l http://host1/model/id
to dataset
http://host2/dataset/id SPARQ

HTTP POST

Aopk Vo Geeghgs Vb Wit Nesa 07 Feple®

ToxPredict

Returns the results : [FESA

dataset URL
http://host/dataset/id

Ontology

Published models,
Algorithms,
Ontologies,
metadata

Retrieve available
endpoints and model
URLs, e.gq.
http://host1/model/id




OpenTox API (Application Programming Interface)

*The way applications talk to each other
*The way developers talk to applications

Dataset

GET
POST
PUT
DELETE

Feature

GET
POST
PUT
DELETE

——
—

OperiTox

Report

GET
POST
PUT
DELETE

AppDomain

GET
POST
PUT
DELETE

Model

GET
POST
PUT
DELETE

Ontology

GET
POST
PUT
DELETE




RDF - Resources representation

*  The opentox.owl ontology All OpenTox components are defined by
— A common OWL data model of all OWL ontology
OpenTox resources http://opentox.org/api/1.1/opentox.owl
— Describes OpenTox resources All resources are subclasses of

ot:OpenToxResource

ot:OpentoxResource

— Describes relationships between them
— Generates object's RDF representations. -
otAlgorthm otFeature ot FeatureVakie o:Datantry

 RDF/XML representation is mandatory for D D D
OpenTox resources. D

» Uniform approach to data representation

— Calculated and measured properties of
Chemical Compounds are represented in an oParameler othodel - DoDatasel
uniform way -

— Linked to the resource used for data J‘
- BlvalidationMode| -0t vaidationPestibtiasBhtasst
g e n e ra.t l O n olReport otVaidation v o vgwmm\edDalasetUR\ ot Task

— Annotated via ontology entries D S o % % D

— Model representations link to algorithms
and data used

Otparameters Vragorthm | ot MaassebtitinblesOkhasSource “oldataEnt

| Et:r?nﬂaqﬂ. asel

—
—
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Resources: Chemical compound

Compound
Provides different representations for
chemical compounds with a unique and

defined chemical structure.
/compound/{id}

Conformer
[compound/{id}/conformer/{id}

Documentation
http://opentox.org/dev/apis/api-1.1/structure

Representation

A subclass of ot:OpenToxResource.
Supports different Chemical MIME
formats

RDF representation only for specifying
owl:sameAs links to external resources

—
—

OpenT:;;

Example 1. Retrieve compound as MOL

S curl -H "Accept:chemical/x-mdIl-molfile"
http://apps.ideaconsult.net:8080/ambit2/compound/1
CH20
APtclcactv09040902283D 0 0.00000 0.00000
43000000 0 0999V2000

-0.6004 0.0000 0.00010 000OO0O0OO0OO0OO0OO0O0OO0CC

0.6072 0.0000 -0.0004C 0O0O0OOOOO0OOOOOO

1.1472 0.9353 0.0016H 000O0O0OO0O0O0O0OO0OO0OGQ

1.1472 -0.9353 0.0016H 000O0O0OO00O0OO0OO0O0O0O
1220000

2310000

2410000

Example 2. Retrieve compound as SMILES

S curl -H "Accept:chemical/x-daylight-smiles"
http://apps.ideaconsult.net:8080/ambit2/compound/1
0=C

Example 3. Query compounds

S curl —=H Accept:chemical-mime “

http://apps.ideaconsult.net:8080/ambit2/query/compound/{any-identifier-or-keyword}

S curl =H Accept:chemical-mime “
http://apps.ideaconsult.net:8080/ambit2/query/smarts?search={smarts}




Resources: Dataset

Dataset
Provides access to chemical compounds and their
features (e.g. structural, physical-chemical,
biological, toxicological properties)

@prefixad:  <http://apps.ideaconsult.net:8080/ambit2/dataset/>.

Operations

*POST - Upload a dataset
*PUT - Update the dataset contg
*DELETE - Remove the datase

Dataset

GET

@prefix af:  <http://apps.ideaconsult.net:8080/ambit2/feature/>. POST
@prefix ot: http: . ) i/1.1#> . ) PUT
prefix ot:  <http://www.opentox.org/api/ > Representatlon DELETE
ad:9 a  ot:Dataset; RDF/ XML (mandatory), MOL, SDF, CSV, TXT,
ot:dataEntry ARBE % (optional)
[a  ot:DataEntry; *The dataset consists of data entries.

ot:compound

<http://apps.ideaconsult.net:8080/ambit2/compound/413/conformer/4094 'EaCh entry iS aSSOCiated W|th exaCtly one

e chemical compound, identified by its
[a otFeatureValue; URI and available via OpenTox
otfeature af:21576 ; ,, Compound service API;
ot:value "3.309999942779541"Axsd:double
i *One and the same compound can be

otvalues associated with multiple dataset entries;

[a  ot:FeatureValue; 4 N . .
ot:feature af:21573 ; *Every “column” is associated with a
otvalue 13.07xsd:double Feature, its representation should be

I | available via OpenTox Feature API

——
—

OpenT§£



OpenTox datasets: Uniform access to data

Everything described by W3C RDF (Resource Description framework)

Comp2unay  [hntp://mynost.c jhttp://myhost.c |http://myhost.c |http://myhost.c| http://myhos |hetn. //myhost.c|http://myhost.c
om/feature/215|om/feature/215|om/feature/215lom/feature/215 t.;om/featur om/feature/218lom/feature/221
80 89 e/21588

http://myhost.c N,N-dimethyl-4- CN(C1=CC=C(C= 3
om/compound/ aminoazobenze C1)N=N/C2=CC=
413 ne CC=C2)C

http://myhos  4-

t.com/compo acetamidofl

und/44497 uorene

a ot:Feature , ot:NumericFeature ;
dc:creator
"http://www.blueobelisk.org/ontologies/chemoinformatics-
algorithms/#xlogP" ;
dc:title "XLogP" ;
ot:hasSource
<http://myhost.com/algorithm/org.openscience.cdk.qsar.descriptors.
molecular.XLogPDescriptor> ;
otee:Octanol-water_partition_coefficient_Kow .




Uniform access to the data

» Datasets can be easily merged, compared , and calculations
reproduced, regardless of their physical place.

» The dataset service offers property, compound, substructure and
similarity searches via uniform OpenTox Application Programming

Mozilla Firefox
File Edit View History Bookmarks Tools Help
S T - ﬁ. cebs effects IO‘
isabler ookies - orms~ | Images~ nformation~ | Miscellaneous~ ' Outline- |, 4 Resizer *” Tools~ iew Sourcer ptions~ @
@ Disabler £ Cookies™ | CS5 £ F = 1 @ Inf Miscell Outliner | 4 R Tool View S o] X

| [ htipi//apps.ideac. . Statstheader=TRUE | = | |

i El 33 171 5

1.pre 20090327 xml 143835 258 88

ts Dataset=112Dataset= Downsosd ss GH@ @ = B T ) 8= wiax romoer ot rns: 100

Compound

¢ Toxcast To 4 Toxcast To 4 Toxcast To 4 Toxcast To |.
CHR Mouse Ureter 2 Mouse Nose 1 Rat Trachea 3 Mouse Pit

T 1000000.0 1000000.0 1000000.0 1000000.0

2.CPDBAS: Carcinogenic Potency Database  psg I
Summary Tables - All Species - — - - -
3. n R
4.DBPCAMN: EPA Water Disinfection
By Products with Carcil icity Esti - T
5.ToxCast ToxRefDB 20091214.txt
6.EPAFHM: EPA Fathead Minnow Acute
Toxicity

T.KIERBL: EPA Estrogen Receptor Ki Binding
Study (Laws et al)

BIRISTR: EPA Inteqrated Risk Information
System (IRIS) Toxicity Review Data
9.FDAMDD: FDA Maximum (Recommended)
Daily Dose

10.Burci mutagenicity dataset.sdf

len
o
o
&2
"
i3

= 13

e
e
]
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node assay data for the evaluation of skin
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Example: mutagenicity dataset

http://apps.ideaconsult.net:8080/ambit2/dataset/2344 (the dataset)

http://apps.ideaconsult.net:8080/ambit2/dataset/2344/metadata
metadata, obviously

/" Chemical compounds - Windows Internet Explorer

s Favorites ‘ 53 € GetMore Add-ons v ) http www.vistsheads.co.. b Getting Started £ Customize Links (€ Suggested Sites ~

[#] Chemical compounds

[ToxPredict TTC Depiction Datasets Chemical compounds Similarity Substructure Algorithms References Features Templates Models Ontology RDF playground Help
wmhi
/ l Keywords
. . . . ” . Search for substructure and properties
This site and AMBIT REST services are under development!
search results Dataset = 2344 Doviosd as EHERE @ B T 8} o number ofhits: 100
[ pefault I Compound ¢ tox benchs tox_benchm : tox_benchm ¢ tox benchw to
Tdentifiers MC Example WDI Name canonical smiles Source R
batasets |1 0.0 . 0=Clc2cccec2€(=0) VITIC JUDSON, PN
Models ,O c3clcec4c3[nH]e5c6C{=0 DOERRER, NG
Endpoint: p c7ccccc?C(=0)c6c8[nH]c9c% HANZLIK, RP,
ndpoints 10¢(=0)c%]11ccccc%11C HARTMANN, /
Al (=0)c%10cccIcBeas HOLDER, J, M
descriptors HARTMANN, 1
pKa SMITH, M, TH
Molecule AND ZEIGER |
size CREATION OF
nEIeclrunic Tci(::%gk?g;
descriptors T
(PM3 2):117-28, 2
optimized 2 0.0 . NNC(=0)CNC(=0)C=N#N CCRIS MCCANN,J, C
structure) _ p AND AMES, B!
[Electronic p CARCINOGEN
descriptors THE SALMON|
(original TEST: ASSAY
structure) PROC. NATL./
oxtree: (12):5135-51
Cramer rules
4 n »
11 Done, but with errors on page. @ Intemet | Protected Mode: On A Bl0% -
- ==
_— R
———
——
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Example: mutagenicity dataset

e @prefix ot: <http://www.opentox.org/api/1.1#> .
S ACt]V'Ity @prefix dc:  <http://purl.org/dc/elements/1.1/> .
. @prefix : <http://apps.ideaconsult.net:8080/ambit2/> .
e @prefix ota: <http://www.opentox.org/algorithmTypes.owl#> .
s 4 g emensc @Prefix otee:  <http://www.opentox.org/echaEndpoints.owl#> .

[#] Chemical compounds

Toxpredict ic pepietion ot @ PrEfiX af: <http://apps.ideaconsult.net:8080/ambit2/feature/> .

;Jmhl af:28958
Clunawvi a  ot:Feature , ot:NumericFeature ;
dc:creator "194.141.0.136" ;

[T pefault sea;T’esu‘lSD; dc;t]tle ACtIV1ty ;

o . ot:hasSource "tox_benchmark_N6512.sdf" ;
patasets | ot:units ™ ;

Endpoints | ‘ = otee:Mutagenicity .

Al

descriptors !
pKa ﬁ(
polecue ot:hasSource

size

Doecrone == a  owl:ObjectProperty .
(PM3
optimized 2 pr—
g, 2| ot:units
?tgt”‘l) P a owl:DatatypeProperty .
nTuxlree:
Cramer rules
ot:Feature

4|
] Done, butwith errors on page.

a owl:Class .

ot:NumericFeature
a owl:Class ;
rdfs:subClassOf ot:Feature .

—

=

nTox =
OPeSepter%er 19, 2010 Ideaconsult Ltd.
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Query: Is there other mutagenicity data

available?
http://apps.ideaconsult.net:8080/ambit2/feature?sameas=http%3A%2F%2Fwww.

%2Fecha %2 3Mutagenici

ODECLOX. O £ /0
http://apps.ideaconsult.net:8080/ambit2/feature/21590

& Disable- & Cookies™ || CJ Miscellaneous- - Outline- . R esize” _f\' Tools~ Q View Sourcer .~ Options~

QDO O V\

v @ ©

+,+ Chemical compounds tww.opentox.... X | -

Feature http://apps.ideaconsult.net:8080/ambit2/ feature/ 21611

Find % | Name

)’J SAL U] ISSCAN v3a 1153 19Sept08.1222179139.sdf KO

PMIDoints.owl#Muta
D ActivityOutcome CPDBAS Mutagenief http: :’fwww p t ox.org CPDBAS v5d 1547 J20Nov2008.sdf YES
utagenici
0 ActivityOutcome CPDBAS Mutagenicity

yol ActivityOutcome CPDBAS Mutagenicity

jol ActivityOutcome CPDBAS Mutagenicity
0 Mutagenic Activity in TA100 (3=active; Org in.
i ive) echaEndp t owI#M tagenici
0o http:/ /www.opentox.org YES
echaEndpoints.owl#Mutagenici
’O o el
P s “ http // apps ideaconsult.net:8080/ambit2/feature/28958
D redic! eature for
: s.idea 3 JOUPENTOR- eV  THoaeT) TOMOPEN TOXMOo0ST [ 1
D Activity http:/ /www.opentox.org tox benchmark N6512.sdf
{echaEndpoints.owl#Mutagenicity |
[ 0 | »
© Waiting for apps.ideaconsult.net... | -*‘ B )

—
=

N10X
OPeSepter%er 19, 2010 Ideaconsult Ltd.




Merge mutagenicity data

http://apps.ideaconsult.net:8080/ambit2/dataset/2344?feature_uris[]=
http://apps.ideaconsult.net:8080/ambit2/feature/28958&feature_uris|
]=http://apps.ideaconsult.net:8080/ambit2/feature/21611&feature_uri
s[]=http://apps.ideaconsult.net:8080/ambit2/feature/26221&feature_u

etri
Clpefautt # 4 Compound 4 | tox benchm i mu
[ 1dentifiers Am
O patasets Activity Sl et
EModel .
D endp ol 7‘
Elan ol
descripto
Opka
Cmolecul
size 1
O Electr
descripto
(PM3
optimized 2 1.0 mutagen
structure) rO
Celectr P
descrip
(original
stru )
O Toxtree:
Cramer rul les
- < ] ¢
- X Find: Next 4 Previous & Highlightall [¥] Match case
—_— v
—— €

Openlox =
September 19, 2010




Dataset : metadata and features

Description URI Template
Retrieve entire dataset content. If uri-list, | http://host:port/dataset/{id}

retrieve only compound URIs
Retrieve representation of features (columns) | http://host:port/dataset/{id}/feature

of the dataset
Retrieves dataset metadata (name, etc.) http://host:port/dataset/{id}/metadata

S curl -H "Accept:application/rdf+xml" http://apps.ideaconsult.net:8080/ambit2/dataset/9/metadata

<rdf:RDF

xmlns:ot="http://www.opentox.org/api/1.1#"
xmlns:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"

xml:base="http://apps.ideaconsult.net:8080/ambit2/">

<ot:Dataset rdf:about="dataset/9">
<dc:source>ISSCAN_v3a_ 1153 19Sept08.1222179139.sdf</dc:source>
<dc:publisher>somebody</dc:publisher>
<rdfs:seeAlso>

<bx:Entry rdf:about="reference/20117">
<rdfs:seeAlso>http://www.epa.gov/NCCT/dsstox/sdf_isscan_external.html</rdfs:seeAlso>

<dc:title>ISSCAN_v3a_1153_19Sept08.1222179139.sdf</dc:title>
</bx:Entry>
</rdfs:seeAlso>
<dc:title>ISSCAN: Istituto Superiore di Sanita, CHEMICAL CARCINOGENS: STRUCTURES AND EXPERIMENTAL DATA</dc:title>
</ot:Dataset>
</rdf:RDF>

—

——
—

—
E—
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http://host:port/dataset/{id}
http://host:port/dataset/{id}
http://host:port/dataset/{id}
http://host:port/dataset/{id}
http://host:port/dataset/{id}
http://host:port/dataset/{id}/feature
http://host:port/dataset/{id}/feature
http://host:port/dataset/{id}/feature
http://host:port/dataset/{id}/feature
http://host:port/dataset/{id}/feature
http://host:port/dataset/{id}/metadata
http://host:port/dataset/{id}/metadata
http://host:port/dataset/{id}/metadata
http://host:port/dataset/{id}/metadata
http://host:port/dataset/{id}/metadata

Data publishing

1)POST a file with chemical structures and properties to
OpenTox dataset service. _—

*The structures and data are assigned a dataset URL and Or
become available by multiple formats (RDF, Chemical :
MIME, CSV, Weka ARFF)

2)Assign metadata

*PUT /dataset/{id}/metadata
3)Annotate any of dataset features Toxiciology related
/dataset/{id}/feature by assigning links to relevant oniologics
ontologies

*PUT /feature/{id}

itology service

|
Published models,
Algorithms, :
Ontologies, RaSIIULIE
metadata (b

HTTP GET / POST —
N A Annotation
Find chemical compounds, Dataset service
return dataset URL;
http://host2/compound/id

dataset URL &predictions

I 1
Structures,
Upload data, receive endpoints
http://host2/dataset/id

—

——
—

—
E—
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linked to specific

Dataset and Ontology - find an

ene

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
PREFIX otee:<http://www.opentox.org/echaEndpoints.(
PREFIX toxcast:<http://www.opentox.org/toxcast#>
select ?Feature ?title ?id ?assay ?geneid ?ge

where {

?Feature rdf:type ot:Feature.
{?Feature dc:title ?title}.
{?Feature owl:sameAs ?assay}.
{?assay toxcast:gene ?geneid}.
{?assay toxcast:hasProperty ?genename}.
{?genename rdf:type toxcast:GENE_NAME]}.

}

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

——
—

OpenT§£

# Chemical compounds E@Iﬁ
|_ <> ||+ htl:ffamhit.uni-Iovdiv.h:&l)&ﬂfamhitﬂdatas Gl | Qr Google | O~ &~
[0 &= Apple Yahoo! GoogleMaps YouTube Wikipedia Mews (114) ¥ Share on FriendFeed »
Search results Dataset= 961 Download as @@@@ @E@ ﬂ'zl‘.'lax number of o ?
hits: 100 IEI ° feat
#4 Compound # ToxCast At 4 Benigni / % Benigni/ #
Structural Aled%i“mrt
ATG RORE CIS for genotoxic — - 126
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carcinogenicity A -
carcinogenicity
10 1000000.0 NO NO
L&
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1000000.0 NO NO
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OpenTox dataset : create a model

Read data from a web address - process - write to a web address

Dataset

GET +
POST

Model
PUT

DELETE
Feature

GET
POST
PUT
DELETE

GET
POST
PUT
DELETE

http://myhost.com/algorithm/neuralnetwork

http://myhost.com/dataset/trainingset1

=
——

OpenTox .
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OpenTox dataset : descriptor calculation

acldress - process - write to a web address

Dataset Dataset
GET

POST + GET

POST
PUT PUT
DELETE

DELETE
Feature Feature
GET

POST
PUT
DELETE

GET
POST

PUT
D

http://myhost.com/algorithm/{descriptorX}
http://myhost.com/dataset/trainingset1

http://myhost.com/dataset/results

-
e, —
E——

———
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OpenTox dataset: apply a model

Read data from a web address - process - write to a web address

Dataset
Dataset
GET
POST GET
PUT POST
DELETE PUT
DELETE
Feature
Feature

GET
POST GET
PUT POST
DELETE PUT
DELETE

http://myhost.com/dataset/id1

—
—

OpenTox .

http://myhost.com/dataset/results1

—
E——




OpenTox datasets : Substructure and

similarity search

REST web service interface

http://apps.ideaconsult.net:8080/ambit2/query/sma
rts?search=c1ccccc1[Cl,Br,F,I]

—

OpenTox

[

——
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Datasets : Structure and quality labels

Dataset

ECHA list of pre-registered substances
Chemical ldentifier Resclver
Cheml|Dplus

ChemDraw

JRCPRS list

I55CAN

CPDEAS

DEFCAN

EPAFHM

KIEREL

IRISTR

FDAMDD

ECETOC skin irritation

Skin sensitisation (LLMA)

Bioconcentration factor (BCF) Gold Standard Database

—
—

OpenT:;;
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oK

M/ A

5314

7986
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4833
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3638
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Linked resources:

Compound, Algorithm, Model, Dataset, Features

Dataset

Ideaconsult Ltd.
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Linked resources:

Compound, Algorithm, Model, Dataset, Features

Model Dataset
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‘ ps idesconsult.nel Eﬂﬂﬂlambni’hﬂjre-‘wll - values TopoPSA
L9 ps ideaconsult net-8080ambit fygture/ 22252 ature value 210. 5399932881325
N mycm hito:/fapps ideaconsult net BOB0/ambit2 festure/27500 Featum Value < =
i hiip:/fapps ideaconsult net B080/ambit2/dBtaseR345 feature nHBD(ﬂ —
Mode! Feature value 5.0 ‘
htig://apps ideaconsuft net 4030 ambi2 feature/ 22127 type Feature type Feature i‘alue
- L3
hittp:/fapps ideacansuit net- 3080 ambi2 datasetRO4D fype Dataset C h l feature caco2
hitp:/iapps ideaconsuit net-8030/ambit2 feature/22137 type Fealure e m ] C a Feature value '5-92000035;293
Japos i I Feature Val
ttp:fapps ideaconsult net-8080/ambit2 feature/27500 ype Fealue type C ompoun d
http:/1apps ideacansult net-8080/ambi2feature/22200 fype Feafure Co m po u n d e V{;‘T?;:;BBABMT p
hitp:/fopentox. informatik tu-muenchen. de:8030/OpenTox- Date Thu May 27 14:22:45 CEST 2010 Fealure value F .t Val service
devialgorthm/PLSregression Identifier http:/fopentoxcinformaik tu-muenchen.de-8080/OpenTox- type ealure Value
deslalgonthm/PLSregqression i feature FPSA-2
B Feature value 2.147799968719482¢
% Do ¥:9 type Feature Value
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Overview of Application Programming Interfaces
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Overview of Algorithms in the OpenTox
Framework

» Algorithms for descriptor calculation: generation and
selection of features for the representation of
chemicals (structure based features, chemical and
biological properties),

« C(Classification and regression algorithms for the creation
of (Q)SAR models,

» Algorithms for the aggregation of predictions from
multiple (Q)SAR models and endpoints, and aggregation
of predictions,

* General purpose algorithms (e.g., for visualization,
similarity and substructure queries, applicability
domains, read across, ....)

s----‘i"-___g___'
OpenTox -



OpenTox Algorithms: Descriptor Calculation
and Feature Selection

» Descriptor calculation: services based on
— OpenBabel
— Joelib2
— CDK
— multi-level neighborhood of atoms (MNA)
— substructure/fragment generation (“product line”: gSpan,
FreeTreeMiner, BBRCs, LastPM; details later)

 Feature selection:

— service for feature selection based on information gain
— service for feature selection based on Chi? statistics
— PCA

— filter pipeline for preprocessing: combining approaches for
handling missing values, feature selection, ...

OpenTox =




OpenTox Algorithms: Classification
/ SAR

« Simple baseline: k-Nearest Neighbor

Leaving out algorithms/approaches for
OpenT;*;:“‘-:-"“‘* applicability domain and validation for now
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OpenTox Algorithms: Classification
/ SAR

« Simple baseline: k-Nearest Neighbor

* Machine learning algorithms:
— decision trees (J48)

Leaving out algorithms/approaches for
OpenT;*;:“‘-:-"“‘* applicability domain and validation for now




OpenTox Algorithms: Classification
/ SAR

e Simple
* Machil * v

HOMO +(121/13)

— deci
<= -8.64569 > -8.64569
ring strain energy 0-c=0
<=-108.566 | >-108.566 no yes
C-C-C=C-C-C-C-C-C-C-C-C-0 br accessible polar surface -(11/2)
no |yes no \yes <=39 >39
etc. - (4/0) etc. etc. etc. +(99/17)

Leaving out algorithms/approaches for

OpenTo;%"""' applicability domain and validation for now




OpenTox Algorithms: Classification
/ SAR

« Simple baseline: k-Nearest Neighbor

* Machine learning algorithms:
— decision trees (J48)
— support vector machines (SVMs)

Leaving out algorithms/approaches for
OpenT;*;:“‘-:-"“‘* applicability domain and validation for now
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— decision tre +
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OpenTox Algorithms: Classification
/ SAR

« Simple baseline: k-Nearest Neighbor

* Machine learning algorithms:
— decision trees (J48)
— support vector machines (SVMs)

* Probabilistic/graphical models
— Bayesian network

Leaving out algorithms/approaches for
OpenT;*;:“‘-:-"“‘* applicability domain and validation for now
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/ SAR

Simple baseline: k-Nearest Neighbor

Machine learning algorithms:
— decision trees (J48)

Leaving out algorithms/approaches for
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OpenTox Algorithms: Classification
/ SAR

« Simple baseline: k-Nearest Neighbor

* Machine learning algorithms:
— decision trees (J48)
— support vector machines (SVMs)

* Probabilistic/graphical models
— Bayesian network

Leaving out algorithms/approaches for
OpenT;*;:“‘-:-"“‘* applicability domain and validation for now




OpenTox Algorithms:
Regression / QSAR

« Simple baseline: k-Nearest Neighbor

« (Classical statistical algorithms:
— multiple linear regression (MLR)
— partial least squares (PLS)

« Machine learning algorithms:
— model trees (M5’)

=-=--‘i"-_____=_____.='_____
OpenTox -



OpenTox Algorithms:
Regression / QSAR

« Simple baseline: k-Nearest Neighbor

« (Classical statistical algorithms:
— multiple linear regression (MLR)

— log _fluence <= -6.01 :

|  log hr321 <= -0.112 : LM1

° ME | log hr321 > —0.1}2 : LM2
log_fluence > -6.01 :

|  log hr321 <= 0.0846 : LM3

|  log hr321 > 0.0846 : LM4

IM1: log_t90 = -0.879 + 0.03531og_hr321 - 0.373log_fluence

+ 0.0394mfbmfr_class=inter,long + 0.0327mfbmfr_class=long
IM2: log_t90 = 0.00965 - 0.1381log_hr321 - 0.2031og_fluence

+ 0.0394mfbmfr_class=inter,long + 0.0327mfbmfr_class=long

—
E——

—
———
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OpenTox Algorithms:
Regression / QSAR

Simple baseline: k-Nearest Neighbor

Classical statistical algorithms:
— multiple linear regression (MLR)
— partial least squares (PLS)

Machine learning algorithms:
— model trees (M5’)
— support vector regression

Probabilistic/graphical models:
— Gaussian process regression

S S
OpenTox -




OpenTox API for Algorithms

Description Method

Get URIs of all GET
available algorithms

Get the ontology GET
representation of an
algorithm

Apply the algorithm POST

4"
h

—

OpenTo

URI

/algorithm

/algorithm /{id}

/algorithm/{id}

Parameters

(optional)
?sameas=URI-of-
the-owl:sameAs-
entry

dataset_uri
parameter
prediction_feature,
more to be specified
and documented by
algorithm provider
dataset_service=data
setserviceuri

Result Status codes
List of all algorithm 200,404,503
URIs or RDF

representation, or

algorithms of

specific types, if

query parameter

exists.

Returns all
algorithms, for which
owl:sameAs is given
by the query.

Algorithm 200,404,503
representation in

one of the supported

MIME types.

model UR/
dataset UR/
featureUR/

200,303,404,503

Redirect to task URI
for time consuming
computations.




GET http://opentox.informatik.tu-
muenchen.de:8080/0penTox-dev/algorithm/

¥%) TUM OpenTox REST web services - Moxzilla Firefox
Datei Bearbeiten Ansicht Chronik Lesezeichen Extras Hilfe

D) -
-' * Google

@ - c Q || httpy/fopentoxinformatik.tu-muenchen.de:8080/OpenTox-dev/algorithm/ T

2 Meistbesuchte Seiten ¥ Erste Schritte 5, Aktuelle Nachrichten 5 news.ORF.at 5 sport.ORF.at = SPIEGEL ONLINE - Nac.. & derStandard.at & sueddeutschede Topt.. = SPIEGEL ONLINE - Uni...

| | TUM OpenTox REST web services | + |

OpenT:;:?
Technische Universitéat Minchen TUM - OpEllTOX - REST Sel‘ViCES 1.1

This site and TUM OpenTox REST web services are under development!
The full API can be found on the opentox.org website

Available algorithms:
* h entox informatik tu-muenchen de:8080/OpenTox-dev/algorithm/kINNclassification
* h entox informatik tu-muenchen de:8080/OpenTox-dev/algorithm/J48
* h entox informatik tu-muenchen de:8080/OpenTox-dev/algorithmkNNregression
* h entox informatik tu-muenchen de:8080/OpenTox-dev/algorithmPL Sregression
* h entox informatik tu-muenchen de:8080/OpenTox-dev/algorithm M5P
* h entox informatik tu-muenchen de:8080/OpenTox-dev/algorithm/GaussP
* h entox informatik tu-muenchen de:8080/OpenTox-dev/algorithm TR

entox informatik tu-muenchen de:8080/OpenTox-dev/algorithmBavesNet

* h entox informatik tu-muenchen de:8080/OpenTox-dev/algorithm/gSpan
* h entox informatik tu-muenchen de:8080/OpenTox-dev/algorithm/F TN { smiles
* h entox informatik tu-muenchen de:§080/OpenTox-dev/algorithm/gSpan/ {smiles

entox informatik_tu-muenchen de:8080/OpenTox-dev/algorithm/CDK PhysChem

entox informatik tu-muenchen de:8080/OpenTox-dev/algorithm/JOELIB2

entox informatik tu-muenchen de:8080/OpenTox-dev/algorithm/InfoGainAttributeEval

entox informatik tu-muenchen de:8080/OpenTox-dev/algorithm/PrincipalC omponents

o]
o]
o]
o]
o]
o]
o]
o
® hitp://opentox informatik tu-muenchen de:8080/OpenTox-dev/algorithm/FTM
o]
o]
o]
o]
o]
o]
o]
o]

entox informatik tu-muenchen de:8080/OpenTox-dev/algorithm/ChiS quared



http://opentox.informatik.tu-muenchen.de:8080/OpenTox-dev/algorithm/
http://opentox.informatik.tu-muenchen.de:8080/OpenTox-dev/algorithm/
http://opentox.informatik.tu-muenchen.de:8080/OpenTox-dev/algorithm/
http://opentox.informatik.tu-muenchen.de:8080/OpenTox-dev/algorithm/
http://opentox.informatik.tu-muenchen.de:8080/OpenTox-dev/algorithm/

K-NN Classification

= & X

%) Moxzilla Firefox |
Datei Bearbeiten Ansicht Chronik Lesezeichen Extras Hilfe

@ - c ¢y | || http//opentoxinformatik.tu-muenchen.de:8080/OpenTox-dev/algorithm/kNNclassification ity L
£ Meistbesuchte Seiten ¥ Erste Schritte 3 Aktuelle Nachrichten 3 news.ORF.at & sport.ORF.at & SPIEGEL OMLINE - Mac... = derStandard.at & sueddeutschede Topt.. = SPIEGEL OMLIME - Uni...

|| http://opentox.inf.../kNNclassification

—<rdf:RDF>
<owl:Class rdf:about="http://www.opentox.org/api'l. 1#Algorithm"/>
<owl:Class rdf:about="http://www.opentox.org/api'l. 1#Parameter"/>
—<pt:Algorithm rdf:about="http://opentox informatik tu-nmenchen de:8080/OpenTox-dev/algorithm kINNelassification">
<dc:contributor>joerg. wicker@in tum de</dc:contributor>
—<ot:parameters>
—<ot:Parameter>
<dc:title rdf:datatype="http://www.w3.0org/200 1/ XML Schema#string">nearestNeighbourSearchAlgorithm</de:title>
— <dc:description rdf:datatype="htip:'/www w3.0rg/2001/ XML Schema#string">
The nearest neighbour search algorithm to use (Default: weka core neighboursearch LinearNINSearch).
</dec:description>
<ot:paramScope rdf:datatype="hitp://www.w3.0rg/2001/ XML Schema#string">optional</ot:paramScope>
<ot:paramValue rdf:datatype="http:""www.w3.org/2001/XMLSchema#string">LinearNNSearch</ot:paramValue>
</ot:Parameter>
</ot:parameters>
—<ot:isA>
http:/www_opentox.org/algorithms owl#Classificationl azySingleTarget
<lot:isA>
—<ot:parameters>
—<ot:Parameter>
<dc:title rdf:datatype="http://www.w3.0rg/200 1/ XML Schema#string">cross Validate</dc:title>
— <dc:description rdf:datatype="http://www.w3.0rg/2001/ XML Schema#string">
Whether hold-one-out cross-validation will be used to select the best k value
</dc:description>
<ot:paramScope rdf:datatype="hitp://www.w3.0rg/2001/ XML Schema#string">optional</ot:paramScope>
<ot:paramValue rdf:datatype="http:"/www.w3_org/2001/ XML Schema#boolean">false</ot:paramValue>

m

</ot:Parameter>

</ot:parameters>
<dc:title rdf:datatype="http://www.w3.0rg/200 L XML S chema#string">kINNclassification</dc:title>

<dc:creator>tobias.girschick @in tum de</dc:creator>

-

S
OpenT XS




K-NN Classification

%) Moxzilla Firefox

Datei Bearbeiten Ansicht Chronik Lesezeichen Extras Hilfe

e - c #2y | | hitp://opentox.informatik.tu-muenchen.de:8080/ OpenTox-dev/algorithm/kNNclassification W P
2 Meistbesuchte Seiten ¥ Erste Schritte 5, Aktuelle Machrichten 3 news.ORF.at 5 sport.ORF.at & SPIEGEL OMNLINE - Nac... = derStandard.at & sueddeutsche.de Topt.. = SPIEGEL OMLIME - Uni...
|| http:/fopentox.inf.../kNNdclassification | -+ -
- cotzl;arameters> i

—<ot:Parameter>
<dc:title rdf:datatype="http://www.w3.0rg/2001/ XML Schema#string">windowSize</dc:title>
— <dc:description rdf:datatype="http2/'www. w3 org/ 2001/ XML Schema#string">
Gets the maxinmmum mmmber of instances allowed in the training pool. The addition of new instances above this value will result in old instances being removed. A value of 0 signifies no limit to the number of
training instances.
</dec:description>
<ot:paramScope rdf:datatype="http//www.w3.0rg/2001/ XML Schema#string">optional</ot:paramScope>
<ot:paramValue rdf:datatype="http:/'www.w3.org/2001/ XML Schema#int">0</ot:paramValue>
</ot:Parameter>
</ot:parameters>
<dc:date rdf:datatype="http://www.w3.org/2001/ XML Schema#dateTime">Sun Sep 19 08:26:31 CEST 2010</dc:date>
—<ot:parameters>
—<ot:Parameter>
<dc:title rdf:datatype="http//www.w3.0rg/2001/ XML Schema#string">dataset_uri</dc:title>
<dc:description rdf:datatype="http://www.w3.0org/2001/ XML Schema#string">URI to the dataset to be used</dc:description>
<ot:paramScope rdf:datatype="http//www.w3.0rg/2001/ XML Schema#string">mandatory</ot:paramScope>
<ot:paramValue rdf:datatype="hitp:/'www w3 .org/2001/ XML Schema#string" />
</ot:Parameter>

</ot:parameters>
—<ot:parameters>
—<ot:Parameter>
<dc:title rdf:datatype="http://www.w3.org/2001/ XML Schema#string">dataset_service</dc:title>
<dc:description rdf:datatype="hitp://www w3 _org/2001/ XML Schema#string"=URI to the dataset service to be used</dc:description=>
<ot:paramScope rdf:datatype="http//www.w3.0rg/2001/ XML Schema#string">optional</ot:paramScope>
<ot:paramValue rdf:datatype="hitp://www w3.org/2001/ XML S chema#string">http:/apps.ideaconsult net-8080/ambit2/dataset</ot:paramValue>
</ot:Parameter>

m

</ot:parameters>
</ot:Algorithm>
</rdf:RDF>

—

—
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—
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Development of Novel Algorithms

» Substructure / fragment generation
algorithms (,,product line®)

— FreeTreeMiner
— BBRCs (backbone refinement classes)
— LastPM (latent structure pattern mining)

e Structural clustering and local models

 Fast conditional density estimation for QSAR:

— quantifying uncertainty in QSAR, confidence
intervals, ...

S S
OpenTox -



Substructure/Fragment Generation

CA CA: confirmed active
c:A,1 Cl: confirmed inactive
c:A,Z CA e First step:
computation of
CA’?’ CA descriptors
o Computed physico-
chemical
CI, 1 C properties?
CLZ C e Predefined
C, 3 C functional groups?
O




Substructure/Fragment Generation

e Path patterns X1 =05 NeGiG: CECHE: C
e Minimum X2 =4 Cl-C:CiCiCiC:C
frequency = 2
o Just most specific x1 x2 | Class
patterns used true | false
here
false | true +
true | true i

144

=-=--‘-‘-“-________:_.='_____
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Substructure/Fragment Generation

Fx)=san(}y x5, +0)=

Statistical
learning sgn(+1.63 * “c:cic:cic:cicicic’(X) -1.48 * *Cl-C-CI* (x)
schemes +1.44 % <C-CI*(x) -1.45 * “C-C-C=C-C’(x)
like SVMs are +1.32 * *C-C-C-C-N-C*(x) -1.01 * ‘C-N-c:¢*(x)
very good +1.31 * *C-C-C-0*(x) -1.01 * “C-N-c:c:c*(x)
at combining +0.95 * ‘C-C=C*(x) -0.95 * *C-C*(x)
substructures +0.87 * “c:ciciciom’(x) -0.95 * *C-C-N-C*(x)
as features +0.82 * ‘C-C-C-C=C*(x%) -0.94 * “C-0-C=0"(x)
into (Q)SAR +0.82 * *C-C-C-N-C*(x) -0.94 * 'cicicicicie-S4(x)
models +0.80 * 'c:cic-C=0"(x) -0.94 * 'c:cicicie-SH(x)
+0.78 * “*C-N-C*(x) -0.94 * 'c:cicic-ST(%)
+... -..)

-
e, —
E——
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Scalability: A New, Practical Class of
Substructures

* A new, practical class of substructures: backbone refinement
classes (BBRC), i.e., trees sharing a common backbone

* Then pick the most
significant a
representative from BBRC !
this class @ prsre. © ”

[

« > 23,000 compounds c i
from NCI Yeast ~ A l
Anticancer Drug C\ !

Screen data:

BBRC representatives | i
computed in 4m>52s, - N\
other approaches did not everr 1

« 87,264 possible; producing reasonable coverage of structures

——0 o

T

n\

0
(. N

s----‘i"-___g___'
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Latent Structure Pattern Mining

« Automatically discovering structural alerts
« 3 steps: (a) align, (b) stack, (c) compress
« Results for: blood-brain barrier, bioavailability, ...

5 4
N
NI/ v
4 5 3 5
b) 5<O c) 4<O
N3 N3
5/ —0 4/ —O0
O O

A. Maunz et al. (2010) in: Proc. ECML/PKDD 2010.

S S
OpenTox -



Structural Clustering and Local Models

Training set Test set

preprocessing assign to clusters

chemical space \/;\

2 o o} HaC HO cH
O// \\O N\; OH
Y H,C OH )\
o CHy  HC CH,
\ < >
N NH,
H W, — —
)
\ : : Model 5
i ° A @ Ho " cH,

Model 1 7
/O \\_ @ NN
e, —I C\_Q © HSC/\/\ AN o
Q Model 3 >_Q| —
Q NN vl W
0 ‘OQOH H,C NH
NN
OO Model 2 \—Q N wr— CH;

=‘-‘-"*¥--.... M. Seeland et al. (2010) in: Proc. ECML/PKDD 2010.
OPenT = F. Buchwald et al. (2010) in: Proc. EuroQSAR 2010.




Fast Conditional Density Estimation for

QSARs

* Prediction of distribution
of activities o]
— not point estimates e

1.2

— quantifying uncertainty ;|
- Doing it fast... o
e ...using general purpose

0.8

D

machine learning as os |
plug-in
0.3

* Then use histogram
estimator, Normal 00 4

estimator, Kernel estimator @ = ¢ ® °& 7 & ¢ w0 =

N
OpenTox = F. Buchwald et al. (2010) in: Proc. AAAI 2010.




Summary

» Algorithms: descriptor calculation, feature
selection, classification (SAR) and regression

(QSAR), ...
* Simple API for algorithms

» Development of useful novel algorithms:

— substructure generation, structural
clustering, local models, fast conditional
density estimation, multi-label classification,

s----‘i"-___g___'
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Development and Use of Predictive Toxicology

Applications

An OpenTox Workshop
19 Sep 2010, Rhodes, Greece

Validation

presented by Haralambos Sarimveis
(National Technical University of Athens, Greece)

——
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—
——
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Use of QSARs under REACH (Annex IX)

» Acceptance of QSAR results - BOTH
positive and negative results will be
accepted if

—Models have been validated

—Models are adequately documented and
meet acceptance criteria for a given
application- “fit for purpose” concept

=
OpenTox L



Compelling Needs of Users

Integrated Testing

in vitro

Read Category
Across Formation

REACH Reporting Applicability e Human
(QPRF, QMRF) Domain Validation | i

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

OpenT§



OpenTox Framework - Standards

Validation Reports
Algorithm Validation REACH

 common best practices such as k-fold « Guidance on Information Requirements

cross validation, leave-one-out, and Chemical Safety Assessment
scrambling

Part F

QSAR Validation (Model Validation) - Chemicals Safety Report

OECD Principles

» Appendix Part F
\?:VWD(\;V]C.OGCd.Orq/dataoecd/33/37/3784978 guidance.echa.europa.eu/guidance en.h

tm
QSAR Model Reporting Format (QMRF) e
qgsardb.jrc.it/gmrf/help.html

QSAR Prediction Reporting Format
(QPRF)

ecb.jrc.it/qgsar/qgsar-
tools/qrf/QPRF version 1.1.pdf




OECD - The Organisation for Economic

Cooperation and Development

* Intergovernmental Organisation grouping 30 industrialised
countries, aiming to: support sustainable economic growth, boost
employment, raise living standards, maintain financial stability,
assist other countries’ economic development, contribute to
growth in world trade.

« The OECD works on global issues in different areas, such as
economy, society, governance, development, finance, innovation,
sustainability.

* |In November 2004, the OECD member countries agreed on the
principles for validating (Q)SAR models for their use in regulatory
assessment of chemical safety. The agreed principles provide
member countries with basis for evaluating regulatory applicability
of (Q)SAR models and will contribute to their enhanced use for
more efficient assessment of chemical safety.

-
e, —
E——
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OECD Principle

Defined Endpoint

Unambiguous
Algorithm

Defined
Applicability
Domain

Goodness-of-fit,
robustness and
predictivity

Mechanistic
interpretation

To facilitate the consideration of a (Q)SAR model
for regulatory purposes, it should be associated

with the following information:

Ensure clarity in the endpoint being predicted by a
given model, since a given endpoint could be determined by different
experimental protocols and under different experimental conditions.

Ensure transparency in the model algorithm that generates
predictions of an endpoint from information on chemical structure
and/or physicochemical properties. The issue of reproducibility of the
predictions is covered by this Principle.

(Q)SARs are inevitably associated with limitations in terms of the
types of chemical structures, physicochemical properties and
mechanisms of action for which the models can generate reliable
predictions

Internal performance of a model (as represented by goodness-of-fit
and robustness) and the predictivity of a model (as determined by
external validation).

The intent of Principle 5 is not to reject models that have no apparent
mechanistic basis, but to ensure that some consideration is given to
the possibility of a mechanistic association between the descriptors
used in a model and the endpoint being predicted.




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 prediction of toxicological
interpretation mechanisms and the recording of opinions and analysis
(if possible) in reports




Goodness-of-fit, robustness and predictivity

« OpenTox is developing unified and objective validation routines for
model and algorithm developers and for external (Q)SAR programs,
including procedures for validation with artificial test sets (e.g. n-
fold cross-validation, leave-one-out, simple training/test set splits,
bootstrapping, Y-scrambling).

« An important goal is to integrate statistical tests for the
comparison of (Q)SAR models under consideration, a versioned
database to store validation results and their history, and tools for
the inspection of the toxicological plausibility of (Q)SAR
predictions.

-
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E——
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Implemented validation algorithms

Classification methods Regression methods

»  Number of correctly classified root_mean_squared_error

instances * mean_absolute_error

* Number of incorrectly classified * sum_squared_error
instances e r_square

« weighted_area_under_roc e correlation_coefficient

* f_measure
« num_false_positives, negatives
 num_true_positives, negatives
e sensitivity
» specificity
« C(Classification confusion matrix

http://www.opentox.org/data/documents/development/validation/validation-statistics

OpenTox =



http://www.opentox.org/data/documents/development/validation/validation-statistics
http://www.opentox.org/data/documents/development/validation/validation-statistics
http://www.opentox.org/data/documents/development/validation/validation-statistics

Validation API

Description Method | URI Parameters Result Status codes

Get all validations GET i - List of walidation URIs 200,404
alidation representation in

Retrieves a validation representation GET f{id} - one of the supported MIME 200,404
types

model_uri

test_dataset_uri
test_target_dataset_uri (default
test_dataset_uri)

“alidates a model on a test dataset POST ! “alidation URI or Task URI 200,400,404 ,500

algorithm_uri
prediction_feature
algorithm_params (string,
default="")
training_dataset_uri
test_datazet_uri
test_target_dataset_uri (default
test_data=zet_uri)
v_scramble (boolean,
default=false)
v_=scramble_=seed (integer,
default=1)

EBuild=s a model on a training dataset

and validates it on a test dataset FOST !

wvalidation URI or Task URI 200,400,404,500

algorithm_uri
prediction_feature
algorithm_params (string,
default="")
Split= a dataset into training and test dataset_uri
dataset according to a certain ratio, POST ftraining_test_split | split_ratio(float, default=0.686) Validation URI or Task URI 200,400,404 ,500
and performs a validation random_seed(integer, default=1)
v_scramble (boolean,
default=falze)
v_scramble_=eed (integer,
default=1)

algorithm_uri
prediction_featurs
dataset_pareams (string,
default="")

dataset_uri

bootstrap percentage(float,
default=0.66)
random_seed(integer, default=1)
yv_scrambile (boolean,
default=false)

v_scramble _seed (integer,
default=1)

OPTIONAL:

Performs a bootstrap validation POST /bootstrap

Validation URI or Task URT 200,400,404,500

Deletez a validation. DELETE | /q{id} - - 200,402

—
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Cross-Validation API

Description Method URI Parameters Result Status codes
Get all cross-validations GET forossvalidation - List of crossvalidation URIs 200,404

GET forossvalidation/{id} - EJS;E'&I:J' ?‘?It[:‘?En tl:pize of the 200,404

Retrieves a cross-validation
representation

Returns all (k) validations that forossvalidation . o
belong to a crossvalidation GET f{id}/validations List of validation URIs 200,404

algorithm_uri
prediction_feature
algorithm_params (string,

default="")
num_folds (integer,
default=10) _ o
Performs a k-fold cross-validation.  FOST forossvalidation LEE?;ISlT:—f)EEd (integer, S;Ess-valldatmn URI or Task 200,400,404,500

stratified (boolean,
default=true)

v_scramble (boolean,
default=falze)
v_zcramble_seed (integer,
default=1)

algorithm_uri
prediction_feature
algorithm_params (string,

Performs a leave-one-out cross- . default="") Cross-Validation URI or Task

validation. POST forossvalidation/loo v_scrambie [boolean, URI 200,400,404,500
default=falze)
v_scramble_seed (integer,
default=1)

Deletes a cross-validation. DELETE | focrossvalidation/{id} - - 200,404

—
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Validation WorkFlow

Dataset WS

User

AL
Fr
LT

1. Init validation of algorithm

with training e;'ﬁt‘j*-tes__t_ set

—
—

OpenT:;;

4. Build Model

Model WS
2. Init Bufild Model
. Get Predictions ¢ )
5. Init Prediction l

Validation Ws

9. Compute Predictions stats
10. OPTIONAL, PER DEFAULT OFF(?): Delete Predictions




Cross-Validation WorkFlow

5. Get traind
(k times)

“6. Build Model
| (1;_ times)

Dataset WS 8 Get test fold

(k times)

N Model WS

9-Store predictidns £
(ktimes) i.

4. Init Bufid Model ~7 Linitkfold Cv . .
(k ti'"mes} The Users inits the cross-validation. params are alogrihtm, dataset, num-folds{=k], etc..
b 2. Get Dataset
2. Get Datas 3. St Folds 0. Get Predicticmsc"‘ The Validation Webservice (W5) fetches the dataset and splits it into different folds
(Rtimes) S Init Ff;ei:liction 3. Store Folds . .
7/ (ktimes) The validati on WS stores k training ar‘_.d k test-datasets in the Dataset WS
H —-the following steps are applied k times —
4 Init Build Model
5 The Validation WS inits the model building
o 5. Get Training Fold
X The Algorithm WS fetches the training fold
6. Build Model

The Algorithm WS builds the model, which is available at the Model WS
7. Init Prediction
. . The Validation WS inits the prediction
Validation WS 8. Get test fold °
1 Init k‘-_fg]d.re’\f""""':? The Model WS fetches the prediction dataset, and predicts the compounds
e W 9. Store predictions
User The predictions of the model are stored in a dataset {
10. Get predictions
The Validation WS gets the predictions and computes the validation stats
AFTERWARDS OPTIONAL (default=off):
The Validation WS deletes the predicition, training and test datasets




Applicability domain/confidence in prediction

« Adefinition of AD which is also used by the OECD is the following: “The
applicability domain of a (Q)SAR model is the response and chemical
structure space in which the model makes predictions with a given
reliability.”

« Furthermore, OECD advises that the AD principle should be applied in a
model-specific manner. Thus, every model should be associated with its
own AD derived not only on the chemicals in the training set but also on
the descriptors and (statistical) approach used to develop the model.
|deally, the AD should be defined and documented by the model
developer.

* Related to the concept of an AD is the concept of confidence in
predictions inherent in some learning algorithm, so that the predictive
model itself provides estimation of applicability domain. For example,
classification algorithms do not only provide a categorical class label, but
also a probability with which the class is predicted. The main difference is
that the confidence is only known when the model is already applied,
whereas the applicability domain is defined on the input space directly.
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Implemented applicability domain algorithms

A. The predictive model itself provides estimation of
applicability domain

e Lazar

B. Applicability domain is estimated by a procedure , separate
from the predictive model

* PCA ranges

 Euclidean distance

 Cityblock distance

« Mahalanobis distance

* Nonparametric density estimation
» Leverage

 Fingerprints, Tanimoto distance
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Future Work

Validation with a test set that is completely unknown to the model
developer is certainly the gold standard in this area, because there is no
way to cheat voluntarily or involuntarily (e.g. by "optimizing” model
parameters for a specific test set).

OpenTox will provide facilities to access confidential (inhouse) data. For
validation purposes we will provide a facility to test (Q)SAR models
remotely against confidential datasets without getting access to the
actual entries of the database to ensure security and confidentiality of
proprietary data.

Confidential validation data will be sought from external sources including
members of the advisory board.

OpenTox already 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
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Development and Use of Predictive Toxicology

Applications

An OpenTox Workshop
19 Sep 2010, Rhodes, Greece

Reporting

presented by Andreas Karwath
(Albert-Ludwigs-Universitat, Freiburg, Germany)
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Compelling Needs of Users

Integrated Testing

in vitro

Read Category
Across Formation

REACH Reporting Applicability e Human
(QPRF, QMRF) Domain Validation | i

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

OpenT§



REACH reporting formats

QMRF and QPRF :

 What are they?

* harmonized templates for summarizing and
reporting key information on (Q)SAR models and
predictions generated by these models

« Why is it important in OpenTox?

 QMRF and QPRF are expected to be the
communication tool between industry and the
authorities under REACH.
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User Perspective

\ J

ToxCreate
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Model B
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QPRF
Editor
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report
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Creating Reports

( Compound

S

REACH report
Web service

e

' Validation | Model Dataset
web web web
service service service
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Storing and Editing Reports

|

QMRF /
QPRF Editor

QPRF
or
QMRF
report

J

S S
OpenTox -

QPRF
or
QMRF
report

(N

REACH report
Web service

Local file
system




Implemented Reporting Services - QMRF

Report web service:

« Automatic generation of reports, including:

* Meta-information (creation date, algorithm, model
endpoint, ...)

* Model training data
 Validation results (cross-validation, bootstrapping,

)

* Prediction results on external test-data
* Reports can be downloaded/uploaded/deleted
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Implemented Reporting Services - QMRF [2]

QMRF Editor:

« Based on existing and EU approved
implementation (see http://qgsardb.jrc.it/gmrf)

« Comprehensive functionalities (edit/store
reports, export to pdf)

« Extended to communicate with web service
(download and upload reports)

« Embedded into ToxCreate

=-=--‘i"-________:_.='______
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http://qsardb.jrc.it/qmrf

QPRF Editor (Q-Edit):

Implemented Reporting Services - QPRF

| [ssssianca)] 2 Generainsonmaton | 3.Preiion | & Adsquacrino

Descriptors

(’I

—
—

OpenTox

...Using AMBIT services

Version 0.1.3 (alpha), heading
towards the first beta version

PDF Creation fully supported

Compound lookup services facilitate
users to find the compound they are
looking for

Similarity Search using the Q-Edit
GUI

Reports are (locally) stored in a
binary format (RDF is under
development)

Available for download from
http://github.com/alphaville/Q-edit




Future Work

QMRF Report Services and Editor:

* Include more automatically generated information:
» Detailed description of model and algorithm
* Related models
* Authors

 Enable Authentication

QPRF Report Services and Editor:
« Establish web services for QPRF
 Enable Authentication
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Final words...

For more information, visit

www.opentox.org

barry.hardy@douglasconnect.com

We welcome your
involvement!

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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