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Summary

The OpenTox Framework consists of a set of distributed  web services for the constru  ction
and application of predictive toxicity models. The Framework includes services for

compounds, datasets, features, algorithms, models, ontologies, tasks, validation, and
reporting which may be combined into multiple applications satisfying a variety o f user
needs. The guiding principles in the construction of OpenTox applications are based on
the OECD Principles of (Q)SAR Validation 1, satisfying REACHIlegislation and user
requirements, and the additional design principles of interoperability, flexibili ty,
transparency and extensibility. A key feature of the OpenTox  Framework is that it has been
designed in a multi - domain friendly way, which is essential for data and model sharing,
reproducibility and validation of prediction results . We report on how th ese principles
influenced the design and construction of the OpenTox Framework . The OpenTox
Application Programming Interfaces which connect multiple distributed web services in an
interoperable manner are described in detail. Based on these web services, two user
applications were created: a) ToxPredict which predicts and reports on toxicities for

endpoints for a user - provided input chemical structure, and b) ToxCreate which builds and
validates a predictive toxicity model based on a user - provided input to  xicology dataset.
The results of initial user testing of both these applications are presented, and the issues

and lessons learned for subsequent development discussed.

The OpenTox Framework supports rapid application development and extensibility by
using well - defined ontologies, allowing simplified communication of data and meaning
between individual services. The ToxCreate and ToxPredict applications show the potential
impact of the F ramework regarding high - quality and consistent structure - activity

relat ion ship modeling of REACH - relevant endpoints. The applications have been made
available publically on the Web ( www.opentox.org/toxicity - prediction ) providing

immediate user access to the application s as they have been developed. User - based
testing and reporting provides a mechanism for users to provide feedback on features and
requests which can be quickly taken into account in the agile development approach
pursued, so as to improve the services off ered to users in atimely manner

ToxPredict satisfies a common and important situation for a user wishing to evaluate the

toxicity of a chemical structure. The user may upload or draw the chemical structure ina
web browser and quickly obtain a report bac k on what current data and model predictions
are available for the toxicity endpoints they have interest in. The user does not have to

1 ecb.jrc.ec.europa.eu/gsar/backg round/index.php?c=0OECD
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cope with many current challenges such as the difficulty of fi nding or using existing data
or creating and using complica ted computer models. Because of the extensible nature of
the standardised design of the OpenTox Framework, many new datasets and models from
other researchers may be easily incorporated in the future, both strengthening the value
offered to the user and en  suring that research results are not left languishing unused in
some isolated , unintegrated resource not accessible to the user. The approach offers the
potential to be extended to the complete and easy - to - use generation of reporting
information on all REA CH- relevant endpoints based on existing available scientific

research results, and indications when additional experimental work is required, thus
satisfying currently unmet industry and regulatory needs.

ToxCreate provides a resource to modellers to build soundly - based predictive toxicology
models, basely solely on a user - provided input toxicology dataset that can be uploaded
through a web browser. The models can be built and validated in an automated and
scientifically sound manner, so as to ensure that t he predictive capabilities and limitations
of the models can be examined and understood clearly. Models can subsequently be easily
made available to other researchers and combined seamlessly into other applications

through the OpenTox Framework. Barriers o f interoperability between applications and
content that are current significant pain points of cost and time for industry users are

removed, as the user may combine data, models and validation from multiple sources in a
dependable and time - effective way.
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1. Introduction

The OpenTox Framework prototype consists of a set of distributed web services for the
construction and application of predictive toxicity models. Th e Framework includes
services for datasets, algorithms, features, models, validation, and reporting. The guiding
princi ples in the construction of the prototype are the OECD Principles of (Q)SAR
Validation , and the additional design and application principles of interoperability,

flexibility, transparency and extensibility . On a technical basis , the construction of the
framework was guided by open source development , iIncorporation of standards  and
ontologies, and distributed integration of web services into applications, enabling
participation from  multiple resource providers . Inthe sub- section s below we will discuss
the se principles and how they were incorporated into the prototype.

1.1 OECD Principles of (Q)SAR Validation

Here we briefly review the five OECD  (Q)SAR validation principles and their relevance to the
OpenTox prototype development . We have incorporated these principles  inthe OpenTox
Framework design as much as possible and wherever appropriate.

1.1.1 Defined Endpoint

(Q)SAR model quality crucially depends on the clarity of endpoints and experimental

protocol s used and the ability to communic  ate this informationin ~ an unambiguous way ,
both in model development and model application . The current practice usually includes a
textual description of the materials and methods used for acquiring experimental data as

well as literature references, whi  le the model description is a separate entity. The challenge
to the distributed web services framework, described in this report, was to provide an

automatic and unique way of describing and linking the endpoint information in a formal

way, able to be proc essed automatically by the software, with minimal human interaction.
This is currently solved by making use of a simple ontology of endpoints. We have defined
an ontology based on the OWL ( Web Ontology Language) 2 for toxicological endpoints
which isin lin e with current ECHA REACHguidance 3. Using this ontology, e ach attribute in
a toxicological dataset can be associated with an entry to the ontology , therefore allowing
a unique mapping between endpoints in various and heterogeneous datasets. This

2 www.w3.org/TR/owl _ - features/

3 guidance.echa.europa.eu/docs/quid ance_document/information_requirements_r6_en.pdf?vers=20_08 08
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ontology possesses 5 subclasses: ecotoxic effects, environmental fate parameters, human
health effects, physio - chemical effects, and toxicokinetics. Each of these subclasses has

one or two further layers of subclasses. A graphical overview can be seenin  Fgure 1.1
whereas Figure 1.2 shows a level 3 subclass for carcinogenicity . In the future, this ontology
will be extended to include  complete information about the test study of the dataset.
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Figure 1.1 A graphical overview of the ECHA endpoints ontology in OWL

For Project: @ echa-endpoints
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The endpoint ontology can be accessed in the development documents s  ection of the
OpenTox web site4 and can be viewed with the Protégé 5 editor.

1.1.2 An Unambiguous Algorithm

Currently OpenTox is deploying an algorithm type ontology 6. This ontology allows a clear
definition of what type of algorithm is used to construct a model.  Figure 1.3 shows a
graphical overview of the current version of this ontology. The plan is to extend this
ontology in the future to  a full description of every algorithm, including references,
parameters and default values. This  will be achieved by adopti ng the Blue Obelisk
ontology 7 and is currently work - in- progress.
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I.' T
o~ -
™ AI el o Q:Super\rised
ota:PharmacophoreGengration [ - L
N | 7 e —— ®oma Supervised
D\ T ota:AIgo.r\thme.pé’ ___owtThing ——t>—" p
g \ e — > S _D ota:LazyLearning
ota:SimilartyDistancgz. .
oTa;ngcriptorC alculation” )
) | -
= T 7
Ula.thsquh_e/mM / "gl T — ota Learnﬂg,.--/v ota:EagerLearning
oo - -

] \ "'\-._\_.\- _ _ _D_ .
. otaMSDMT, -
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Figure 1.3 A graphical overview of the current AlgorithmType ontology

4 www.opentox.org/data/documents/development/RDF files/Endpoints/

5 protege.stanford.edu

6 www.opentox.org/data/documents/development/RDF files/AlgorithmType

7 gsar.svn.sf.net/viewvc/gsar/trunk/gsar - dicts/descriptor - ontology.owl?revision=218
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For Project: @ AlgorthmTypes
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ota: MuttipleTargets (4]
otz Rules
ota: SingleTarget (4)
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otarUnsupervised (3]
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Figure 1.4 A textu al overview of the algorithm type ontology.

1.1.3 Defined Applicability Domain

We handle applicability domain as an algorithm or model, e.g . a specific applicability

domain algorithm is applied to a dataset, and the result is th en an applicability domain
model. This model can then be applied to reason about the applicability of a model when
applied to a novel compound. Currently, this approach is not yet fully reflected within the
ontology. Nevertheless , we are planning to integrate this in forthcoming on tology updates,
as well as in the next development iteration of the APl (1.2), which is scheduled to be
completed for September 2010

1.1.4 Appropriate  Measures of Goodness -of-Fit, Robustness and
Predictivity

Within the validation part of ~ the prototype framework , we have concentrated so far on
including validation and cross - validation objects. These include a wide variety of measures

‘‘‘‘‘ 10 +
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for evaluating the quality of models generated by algorithms on the datasets. These
measures include for classification tasks

Name Explarmation

Confusion Matrix A confusion matrix is a matrix, where each row of the matrix represents

instances in a predicted class, while each column represents the instan
in an actual class. One benefit of a confusion matrix is that it is easy tb
the system is confusing two or more classes

Absolute number and  Some compounsimight falloutsidethe applicability domain of the
percentage of algorithm or model. These numbepsovidean overviewon the
unpredicted compounds applicability domain fifor the compound set requiring prediction

Precision, recall, and F2 These three measusgive an overviewon how pure and how sensitive the

measure model is. The Ftheasure combines the other two measures.

ROC curvplot and AUC A receiver operatingharacteristic (ROQurveis a graphical plot of the
true-positive rate against théalse-positive rate as its discrimination
threshold is varied. This gisa good understandingf how well a model is
performing. As a summarisatigrerformance scalar meit, the area under
curve (AUC) isalculated from the RO€urve A perfect model would have
area 10, while a random one would haweea0.5.

And for regression tasks:

Name Explanation

MSE and RMSE The mean square error (MSat)d root mean squared errdRMSEYf a
regression modedre populawaysto quantify the difference between the
predictor and the true value.

R The explained variance (R2) provides a measure of how well future
outcomes are likely to be predicted by the model. It compares the
explained variance (variance of the model's predictions) with the total
variance (of the data).

1.1.5 A Mechanistic Interpretation, if possible

As mechanistic interpretation  often relies on human knowledge , this usually cannot be
done automatically. However, in  the current API it is foreseen to generate skeletons for
reporting using the validation results created by extensive testing during model
construction , allowing subsequent user - entered explanations about mechanisms . Other
potential future extensions of Ope nTox services could include resources providing insight
on mechanisms, e.g. from pathways and systems biology models, selection and inclusion

of /in vitro assays relevant to the mechanism in the model, or from data mining of human
adverse events data.
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QMRF reporting will be facilitated by integration of the existing QMRF editor 8 into OpenTox
applications, and allowing the end - users to annotate models with the information required
by the QMRF format.

1.2 OpenTox Design Principles

The design principles of interope  rability, flexibility, transparency and extensibility are key
ingredients of the OpenTox Framework design , wWhich additionally guide its architecture
and implementation.

1.2.1 Interoperability

Interoperability with respect to the OpenTox Framework refer s to the principle that
different OpenTox components or services may correctly exchange information with each
other and subsequently make use of that information . Both syntactic interoperability for
correct data exchange and semantic interoperability supporting the accurate
communication of meaning and interpretation of data are supported principles for

OpenTox resources . The principles are reflected design - wise in the use of open,
standardised interfaces and ontologies . The principles are relevant in application
development and deployment when a combination of distributed multiple services can
provide value to a user in completing a use case satisfactorily.

1.2.2 Flexibility

As there exist a significant variety of user scenarios, requirements and use cases in

predictive to xicology, flexibility is a key principle incorporated into OpenTox . Through the
use of a component - based approach and the incorporation of the interoperability

principles, many different and customised applications can be assembled that are based on

the un derlying platform.

1.2.3 Transparency

To achieve the scientific  objective of knowledge - based enquiry based on principles of
reasoning, reproducibility, and reliability, OpenTox supports the principle of Transparency

in its design . Computational models should be available for scrutiny by other scientists in
as complete a manner and detail as possible . Evaluators and regulators should be able to
both understand the details and accura  tely reproduce the results of predictive toxicity

8 ambit.sourceforge.net/gmrf/jws/gmrfeditor.jnlp
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models, and be able to reliably f  orm judgements on their validity as evidence . The
principle also supports achievement of the OECD validation principles such as an

unambiguous algorithm and a mechanistic interpretation, if possible . Use of Open Source,
Open Interfaces and Standards within ~ OpenTox support implementation of this

Transparency principle applied to /n sifico - based predictive toxicology applications and

their reported results.

1.2.4 Extensibility

The field of predictive toxicology is rapidly developing and broadening in many areas

including the use of biomarkers, systems biology, epigenetics, toxicokinetics, in vitro
assays, stem cell technol ogy, computational biology etc. Hence, OpenTox needs to be
extensible to a broad range of future predictive toxicology applications . In such

appli cations , contributing and diverse experimental data and models need to be combined

as evidence supporting integrated testing, safety assessment and regulatory reporting as
stipulated under REACH . In the initial design of the OpenTox Framework we have

attem pted to design a general solution for (Q)SAR model development and application . We
also will address and strengthen its extensibility in subsequent project activities, and

guided by suitable use cases, to additional areas of scientific enquiry in the predi ctive
toxicology field as part of its evolutionary development.

2. Implementation Principles

OpenTox is an open source project and tries to follow the best practices of open source

project management. This means that source code, technical discussions and do cuments
are open to the general public and interested parties can participate in development.

Within the design of the framework prototype we have concentrated on a number of

principles:

1 Open Source
1 Open and Distributed Access
1 Open Interfaces

In the follow ing sections we describe these implementation principles in more detail

13 ol
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2.1 Open Source

As the open source philosophy is inherently important for this project, all tools developed

are open ly available via public repositories. For example, details on current  test services
can be found on the OpenTox  development testing web pages °. Within the framework, a
variety of programming languages have been employe d, such as Java, Ruby, and C++.

2.2 Open and Distributed Access

All current OpenTox web services adhere to the REpresentational State Transfer (REST web
service architecture 10 for sharing data and functionality among loosely - coupled,
heterogeneous systems. The REST architecture is based on five key principles:

1. Every resource can be uniquely identified ;

2. Use standard HTTP;

3. Allow multiple representations of resources ;
4. Use hypertext link s for linking of resources
5. Communicate statelessly

Adhering to these principles, the RESTweb service architecture has a number of desired
advantages when compared to other ~ web service architectures:

1. Itis lightweight, as only some additional xml mark - up is required ;

2. The produced results are human readable, i.e. the resources are uniquely identified
by URIs and described by representations

3. RESTful web services are typically stateless an d scalable ;

4. The produced web service s have a uniform interface (the only allowed operations
are the HTTP operations) ;

5. Components manipulate resources by exchanging representations of the resources.

The choice of employing web services allows the complete framework to operate in
different locations, independen t of operating systems and underlying implementation
details.

9 www.opentox.org/dev/testing/testtoxservices

10 Fielding, R.T., Architectural Styles and the Design of Network - based Software Architectures

Ph.D. dissertation , in University of California , Irvine. 2000
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2.3 Open Interfaces

The publicly available OpenTox application programming interface (API) allows the
cheminformatics and bioinformatics communit ies to participate in the development of new
algorithms. It furthermore allows the independent comparisons of algorithms and models

We describe the current OpenTox API 1.1 in the next section , with respect to design issues
and interoperability.

3. Ope nTox API

To assure reliable interoperability between the various web services, a well - defined APl is
required. The API specifies how each OpenTox web service can be used, and how the

returned resources look like. It further specifies the HTML status codes returned in case of
succeeded operations as well as errors  codes.

This section describes the OpenTox API version 1.1, the second version of the OpenTox
API that was completed and published  on the OpenTox website in November 2009 . A short
overview is given below, as well as a listing of all components including REST operations.

3.1 Overview

Figure 3.1 shows the OpenTox resources modelled in the OpenTox Ontology. These
resources are provided by the various OpenTox web services. The links between the
components reflect s interaction between the respective web services.

The model web service ( 3.2.5) provides access to (prediction) models. Models are created
via the algorithm web service ( 3.2.4), that supports different types of algorithms (e.g.
supervised learning, feature selection, descriptor calculation, and data cleanup). Building a
model will normal ly require various parameters, one/several dataset /s , as well as a set of
features.

Datasets are stored inth e dataset web service ( 3.2.3 ). A dataset contains data entries,
which are chemical compounds, as well as their feature values. Features are defined as an
object representing a property of a compound, including d escriptors and calculated
features, endpoints, and predictions . Different representations for chemical compounds

can be accessed from the compound web service ( 3.2.1). The feature web service ( 3.2.2)
provides the available features (e.g. structural features, chemical descriptors, endpoints).

The validation web service (  3.2.6 ) evaluate s and compare s the performance of predict ion
models. Simple training - test - set- validation is supported as well as cross - validation . The
validation result contains quality figures as defined in 1.1.4 . The service further provides
reports (available in ht ml, PDF...) that visualize the validation results.
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The task web service (3.2.7 ) supports long - running , asynchronous processes. The
ontology web service (3.2.8) provides meta information from releva  nt ontologies (which
can be accessed using SPARQL queries!t), as well as lists of available services.  Approaches
to Authentication and Authorization will be specified in the next  version of the API.

ot OpentoxResource

at:Algorithm

ot:Feature ot:FeatureValuePair ot DataType
) 14 : ot/ DataEnt )
ke ddl otDatasat i ot: Compound
ot:Parameter \
ot:Model
] =
A Y
4
L2 i Vi
otReport ot vyidation” ot:Crossvalidation ot:Task

o &

Figure 3.1 Relationships between OpenTox resources, modeled in OpenTox ontology.

3.2 Web service s

This section describes REST operations and HTML status codes for OpenTox web services.
Additional information (e.g. data representation format ) can be found onthe OpenTox API
webpage 12,

11 www.w3.org/TR/rdf - sparql - query/

12 www.opentox.org/dev/apis/api -1.1
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3.2.1 Compound

The Compound API p rovides different representations for chemical compounds with a

unique and defined chemical structure

REST operations

Description

Search for
compounds

Get the
representation
of a compound

Create a new
compound

Update a
compound
(optional)

Delete a
compound
(optional)

Method

GET

GET

POST

PUT

URI

/compound

/compound/{id}

/compound

/compound/id}

DELETE /compound/{id}

Features per Compound

Description

Get
available
feature URIs
fora
compound

Create a
new feature
value

Update a
new feature
value

Delete
specified
features
from the
compound

4

Method

GET

POST

PUT

DELETE

URI

/compound/{cid}/feature

/compound/{cid}/feature

/compound/{cid}/feature

/compound/{cid}/feature

Parameters

?search =value& sameas=URI_FROM_AN_ONTOLOGY

(optional)
Heature_uris] ="URI to features"

Compound representation in a supported MIME
format

Compound repre sentation in a supported MIME
format

Deliverable Report

Result

List of compounds,

matching the
query .

Compound
representation in
one of the
supported MIME
formats ; if
feature_uris[]
provided includes
features and
values.

URIs for new
compounds .

)

¢}

Delete all feature
values per
compound
recursively?

Parameter Result
Feature_uris[] ="URIto Returns representation of the
features" (optional) features as uri - list or RDF

All available features are returned,
if no parameter is specified

Feature_uri ="URIto feature" URI of the compound with the new
(mandatory, single feature, e.g.
feature)& value =the_value /compound/{id}?feature_uris[]=the

new- feature

Heature_uri ="URIto feature"
(mandatory, single
feature)& value =the_value

Feature_uris[] ="URIto
features" (optional)
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Status codes

200,404,503

200,404,503

200,400,503

200,400,404,503

200,400,404,503

Status codes

200,404,503

200,400,503

200,400,404,503

200,400,404,5 03
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HTTP status codes

Interpretation Nr Name

Success 200 OK

Compound not found 404 Not Found

Incorrect MIME type 400 Bad request

Service not available 503  Service unavailable
3.21.1 Conformers (optional)

The Comformers API provides  [Optional] support for mul
chemical compound (single structure by default)

REST operations

Description Method URI Parameters Result

Get available GET /compound/{id1}/conformer/ - List of structure URIs

structures of a

compound

Create a new POST /compound/{id1}/conformer Representation in a New URI

structure supported MIME /compound/id1}/conformer/{id2}

format .

Remove all DELETE /compound/{id1}/conformer/ l¢] [¢)

structures

Get the GET /compound/{id1}/conformer/{id2} Zeature_uris[] ="URI  Representation in a supported

representation to features"” MIME format, with feature values,

of a structure if feature_uris [] provided .

Update the PUT /compound/{id1}/confor mer/{id2} Representation in a URI

representation supported MIME /compound/{id1}/conformer/{id2}

of a structure format .

Remove a DELETE /compound/{id1}/conformer/{id2} o] o]

structure

Features per Conformer

Description Method URI Parameter Result

Get available GET /compound/{cid}/conformer/{cid}/feature “feature_uris[] ="URIto Returns

feature URIs features" (optional) representation of the

fora features as uri - list or

compound RDF.
All available features
are returned, if no
parameter is
specified .

Create a new POST /compound/{cid}/conformer/{cid}/feature eature_uri ="URIto URI of the compound

feature value feature" (mandatory, single with the new feature,

feature)& value =the_value e.g.

4
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tiple (e.g. 3D) structures per

/compoundAid}/
conformer/{cid}?

feature_u ris[]=the -

new- feature

Status codes

200,404, 503

200,400,503

200,400,404,503

200,404,503

200,400,404,503

200,400,404,503

Status codes

200,404,503

200,400,503
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Update a new PUT
feature value

/compound/{cid}/conformer/{cid}/feature

Delete
specified
features from
the
compound

DELETE /compoun d/cid}/conformer/{cid}/feature

HTTP status codes

See HTTP status codes for c ompounds

3.2.2 Feature

A Feature is an object,

feature type s are determined via their links to ontologies (Feature ontologies, Des

ontologies, Endpoints ontologies)

representing any kind of property, assigned to a

Deliverable Report

Feature_uri ="URIto 200,400,404,503
feature" (mandatory, single

feature)& value =the_value

Zeature_uris[] ="URIto
features" (optional)

200,400,404,503

Compound . The
criptor

Result Status codes

URF list or RDF representation of a
feature .

200,404,503

URI of the new feature definition 200,400,404,503

REST operations

Description Method  URI Parameters

get description of a GET [feature/{i d} -

specific feature

definition

create a new feature POST [feature Content - type ="any - of - RDF
types", content=RDF -
representation

update feature PUT [feature/{id}

Content - typ e="any - of- RDF -

200,400,404,503

types", content=RDF -

representation

delete feature DELETE /feature/{id} -

- 200,400,404,503

get a list of available GET [feature query =URI- of - the - URI list or RDF of features found by 200,404,503
feature definitions owl:sameAs - entry the query or all available, if query is
empty .
Returns all features, for which
owl:sameAs is given by the query
HTTP status codes
Interpretation Nr Name
Success 200 OK
No feature found, or specific featurenot found 404 Not Found
Incorrect parameters 400 Bad request
Service not available 503 service unavailable
7 i
* *
* pe
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3.2.3 Dataset

Deliverable Report

The Dataset API p rovides access to chemical compounds and their features (e.g. structural,

physical - chemical, biological,

REST operations

Description Method URI
Get a list of GET /dataset

available

datasets

Geta GET /dataset/{id}
dataset

Query a GET /dataset/{id}
dataset

Get GET /dataset/{id}/metadata
metadata

fora

dataset

Get a list of GET
all

/dataset/{id}/compounds

compounds
in a dataset

Get a list of GET
all features
in a dataset

/dataset/{id}/features

Create a POST /dataset
new dataset

and toxicological properties)

Parameters

Query parameters (optional, to
be defined by service
providers) .

compound_uris[] and/or
feature_uris[] to select
compounds and features;
further query parameters may
be defined by service providers

Dataset representation in a
supported MIME type. MIME
type to be specified via
Content - type header.

ﬂ Content -
type.application/www
- form - urlencoded
dataset uri ,
feature_uris[] and
compound_uris[]
parameters are used
to specify subset of a
dataset, as in GET
operation;

T[ File upload via
Content -
type.multipart/form

data: file parameter ;

T[ File upload metadata:
parameters as in
opentox.owl

20

Resuit Status codes
List of URIs 200,404,503
or RDF for the metadata
only .
Representation of the 200,404,503
dataset in a supported
MIME type.
Representation of the 200,404,503
query result in a
supported MIME type .
Representation of the 200,404,503
dataset metadata in a
supported MIME type .
List of compound URIs 200,404,503
RDF or List of feature 200,404,503

URIs (pointing to feature
definitions/ontologies)

New URI /dataset/{id} or
redirect to task URI (for
large uploads) .

200,202,400,503
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Update a PUT
dataset

Remove a DELETE

dataset

Remove a DELETE

part of the
dataset

f

HTTP status codes

Interpretation Nr
Success 200
Asynchronous task started 202
Dataset not found 404
Incorrect MIME type 400
Service not available 503

Idataset/{id} 9 Datarepresentation Dataset URI or task URI . 200,202,400,404,503

in a supported MIME
type;

9 entries for existing
compound/feature
pairs will be
overwritten, entries
for new
compound/features
will be added ;

ﬂ File upload metadata:
Dublin core
annotation
parameters, as in
opentox,owl#Dataset

ﬂ Content -
type.application/www
- form - urlencoded
dataset_uri |,
feature_uris[] and
compound_uris[]
parameters are used
to specify subset of a
dataset, as in GET
operation;

ﬂ File upload via
Content -
type.multipart/form -
data: file parameter

ﬂ File upload metadata:
Dublin core
annotation
parameters, as in
opento x,owl#Dataset

Idataset/{id} - - 200,404,503

/dataset/{id} compound_uris[] and/or - 200,404,503

feature_uris[] ; further query
parameters may be defined to
select th e data to be deleted

Name
OK
Accepted
Not Found
Bad request

Service unavailable

21 il
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3.2.4 Algorithm

The Algorithms APl Provides access to OpenTox algorithms

REST operations
Description Method URI Parameters
Get URIs of all GET /algorithm (optional)
available ?sameas=URI- of - the - owl:sameAs -
algorithms entry
Get the ontology GET /algorithm/{id} -
representation of
an algorithm
Apply the algorithm POST [algorithm/{id} dataset _uri
parameter
prediction_feature
more to be specified and documented
by algorithm provider
dataset_service =datasetserviceuri
HTTP status codes
Interpretation Nr
Success 200
No algorithm in the respective category found, or specific algorithm not found 404
Incorrec t dataset URI, or incorrect parameters 400
Model building error 500
Model building in progress (redirect to task URI) 303
Service not available 503

3.2.5 Model

Deliverable Report

Result

List of all a Igorithm 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 .

Algorit hm representation in
one of the supported MIME

types .

model UR/
dataset UR/
featureURI

Redirect to task URI for time
consuming computations

Name

OK

Not Found

Bad request

Internal Server Error
Redirect

Service unavailable

The Model API p rovides access to O penTox prediction models

REST operations
Description Method URI
Get a list of all GET /model

available models

4

Parameters

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

Result

List of model URIs or RDF
representation .

If query specifi ed, returns all

22

Status codes

200,404,503

200,404,503

200,303,404,503

Status codes

200,404,503
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models, for which
owl:sameAs is given by the

query .
Get the GET /model/id} - Representation of the model 200,404,503
representation of in a supported MIME type
a model
Delete a model DELETE /model/id} - - 200,404,503
Apply a model to POST /model/id} dataset_uri URI of created prediction 200,202,400,404,500,503
predict a dataset result_dataset =dataseturi dataset (predictions are
dataset_service =datasetserviceuri features), task URI for time

consuming computations
Apply a model to POST /modelKid} compound_uri Prediction in a supported 200,202,400,404,500,503
predict a MIME type; task URI for time
compound consuming computations
Model variables
REST operations
Description Method URI Parameters  Result Status codes
List of independent GET /model/{id}/independent - URL list/RDF of features used as independent 200,404,503
variables variables .
List of dependent GET /model/{id}/dependent - URE list/RDF of features used as dependent 200,404,503
variables variables .
List of predicted features GET /model/{id}/  predicted - URL list/RDF of features, where predictions 200,404,503

are stored .
HTTP status codes
Interpretation Nr Name
Success 200 OK
Asynchronous task accepted 202  Accepted
Dataset_id is wrong 400  Bad Request
Model for specific id not found 404  Not Found
Prediction error 500 Internal server error
Service not available 503  Service unavailable
3.2.6 Validation

3.26.1 Standard Validation
A validation corresponds to the validation of a model on a test dataset. The res ults are
stored in another dataset. Parameters with default values are optional.
REST operations

23
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Description Method URI
Get all validations GET /
Retrieves a validation GET Kid}
representation
Validates a model on a test POST /
dataset
Builds a model on a training POST /
dataset and validates it on a
test dataset
Splits a dat aset into training POST

and test dataset according to
a certain ratio, and performs
a validation

OPTIONAL:
Performs a bootstrap

POST /bootstrap

validation

Deletes a validation. DELETE Kid}

HTTP status codes
Interpretation

Success

Validation not found

lllegal model/algorithm/dataset/algorithm params

Validation/prediction error

/4

Jtraining_test_split

Nr

200

404

400

500

Parameters

model_uri
test_dataset_uri

algorithm_uri
prediction_feature
algorithm_params (string,
default="")
training_dataset_uri
test_dataset_uri
y_scramble (boolean,
default=false)

y_scramble_seed (integer,

default=1)

algorithm_uri
prediction_feature
algorithm_params (string,
default="")

dataset_uri

split_ratio(float, default=0.66)

random_seed(integer,
default=1)
y_scramble (boolean,
default=false)

y_scramble_seed (integer,

default=1)

algorithm_uri
prediction_feature
dataset_params (string,
default="")

dataset_uri

bootstrap_percentage(float,

default=0.66)
random_seed(integer,
default=1)
y_scramble (boolean,
default=false)

y_scramble_seed (integer,

default=1)

Name

OK

Not Found
Bad request

Internal Server Error

24
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Result Status codes
List of validation URIs 200,404
Validation 200,404

representation in one
of the supported MIME
types.

Validation URI or Task
URI.

200,400,404,500

Validation URI or Task
URI.

200,400,404,500

Validation URI or Task
URI.

200,400,404,500

Validation URI or Task 200,400,404,500
URIL
- 200,404
* X %
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3.2.6.2 Cross- Validation

Performs a 4- fold cross - validation, result ing in

default values are optional.

REST operations

Description Method URI
Get all cross - validations GET
Retrieves a cross - GET

validation representation

Returns all (k) validations GET
that belong to a
crossvalidation

Performs a k - fold cross - POST
validation

Performs a leave - one- out POST
cross - validation

Deletes a cross -
validation

HTTP status codes
Interpretation

Success

Cross validation not found

lllegal model/algorithm/dataset/algorithm params

Validation/prediction error

/crossvalidation

[crossvalidation

[crossvalidation/{id}

[crossvalidation/loo

DELETE /crossvalidation/{id}

Nr

200

404

400

500

Parameters

[crossvalidation/{id}/validations -

algorithm_uri
prediction_feature
algorithm_params
(string, default="")
num_folds (integer,
default=10)

random_seed (integer,

default=1)
stratified (boolean,
default=true)

y_scramble (boolean ,

default=false)
y_scramble_seed
(integer, default=1)

algorithm_uri
prediction_feature
algorithm_params
(string, default="")
y_scramble ( boolean,
default=false)
y_scramble_seed
(integer, default=1)

Name

OK

Not Found
Bad request

Internal Server Error

25
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Result

List of cross -
validation URIs .

Cross- Validation in
one of the supported
MIME types .

List of validation
URlIs.

Cross- Validation URI
or Task URI .

Cross - Validation URI
or Task URI .

k validations resources . Parameters w ith

Status codes

200,404

200,404

200,404

200,400,404,500

200,400,404,500

200,404
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3.2.6.3 Validation - Report

The validation report visualizes the (prediction) results of algorithms.

REST operations
Description Method URI Parameters Result Status codes
Get all report types GET report - List of 200,404
available
report types .
Get all reports for the GET Ireport/{report - type} - List of 200,404
particular report type available
reports as
URI
Retrieves a report in XML / PDF GET Ireport/{report - type}/{id} - Report in 200,404
/ HTML / RTF format specified
format .
Creates a report POST Ireport/{report - type} various params, see below Report URI 200,400,404,500
or Task URI .
Deletes a report DELETE /repo rt/{report - type}Aid} - - 200,404
Available (validation - )report
types
Create ToxPredict report POST /report/toxpredict List of validation URIs Report URI 200,400,404,500
(multiple models, one or Task URI
compound to predict)
Create single validati on report POST Ireport/validation Validation URIs . Report URI 200,400,404,500
(one model, one test dataset) or Task URI
Create cross - validation report POST /report/crossvalidation Cross - validation URIs . Report URI 200,400,404,500
(crossvalidation with one or Task URI
algorithm and one dataset)
Create report for comparing POST /report/algorithm_comparison List of cross - validation Report URI 200,400,404,500
different prediction algorithms URIs or Task URI
(cross - validations/validations or list of validation ~ URlIs.
with multiple algorithms and
datasets)
Create report for comparing POST /report/model_comparison List of validation URIs Report URI 200,400,404,500
different models or Task URI
Special report formats
Create QMRF report POST Ireport/gmrf Model URI Report URI 200,400,404,500
or or Task URI
a List of cross - validation
URIs
and/or validation URIs of
the same model ;
additional fields of the
report that cannot be filled
out automatically (yet to be
defined) .
Create QPRF report POST Ireport/qprf Model URI Report URI 200,400,404,500
or or Task URI
a List of cross - validation
URIs

4
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the same model ;
additional fields of the
report that cannot be filled
out automatically (yet to be
defined) .

HTTP status codes

Interpretation Nr Name

Success 200 OK

Report type / report not found 404  Not Found

lllegal params 400 Bad request

Error creating the report 500 Internal Server Error
3.2.7 Task

Asynchronous jobs are handled via an intermediate Task resource. A resource, submitting
an asynchro nous job should return the URI of the task.

REST operations

Description Method URI Parameters Result Status codes

Get a list of all available GET task ?query= task status as in List of URIS/RDF representation . 200,503,401

tasks opentox.owl

Get th e representation of a GET ltask/{id} - Task representation in one of the 202,404,503,401

running task supported MIME formats

Get the representation of a GET ltask/{id} The URI of the newly created resource 303,404, 503

completed task in the Location header

Delete a task DELETE /task/{id} 200, 404,
503,401

HTTP status codes

Interpretation Nr Name

Success 200 OK

Task resource created 201  The request has been fulfilled and resulted in a new resource being created.

The Task is not completed 202  accepted, processing has not been completed

The Task is completed 303  The task is completed, the URL where the resource is available is in the Location header (mandatory)

task_id is wrong 400  Bad Request

Not Authorized 401 Not Authorized

Task for specifi ¢ id not found 404  Not Found
Error 500 Internal server error

Service not available 503  Service unavailable

* X %
* *
* *
* *
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3.2.8 Ontology Service

Deliverable Report

The Ontology Service p rovides storage and search functionality for objects, defined in
OpenTox services and relevant ontologies

REST operations

Description Method URI

Retrieve SPARQL
query results

GET /ontology

Predefined query GET
to retrieve all

models

/on tology/models

Predefined query GET
to retrieve all

endpoints

/ontology/endpoints

Predefined query GET
to retrieve all

algorithms

/ontology/algorithms

Submit SPARQL POST
query and/or
OpenTox service

URL

/ontology

HTTP status codes

Interpreta tion
Success

Wrong query syntax

Error when retrieving RDF representation from specified URL

Parameters

?query=SPARQL_QUERY

(mandatory)

uri [[=URL of a OpenTox

RDF resource

query =SPARQL_QUERY

Nr

200

404

500

502

Name
OK

Bad request

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 uri] is specified, the server
retrieve s a RDF representation and
adds it to the RDF storage, thus
making it available for the
subsequent queries.

Any non - empty subset of
parameters is valid (i.e. only query,
only model_uri, query and
algorithm_uri, etc.)

Internal server error

28
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4. Prototype Use Cases

We identified two initial use cases for the implementation of the OpenTox Framework
prototype. The first  case, Tox Predict, is aimed at the user having no or little experience in
QSAR predictions. This use case should offer an easy - to- use user interface, allowing the
user to enter a chemical structure and to obtain in return  a toxicity prediction for one or
more endpoints. The second case, Tox Create, is aimed at the experienced user, allowing
them to construct and to validate models using a number of datasets and algorithms.

Both use cases also demonstrate inter - connectivity bet ween multiple partner services.
Within Tox Predict , several web services from partners TUM, IDEA, and NTUA are operating
together, while in  Tox Create the model construction is performed using partner IST& web
services, while the validation and report ing is executed using partner ALUG services. An
important subsequent step to be pursued in forthcoming development iterations will be
the interoperation of ToxCreate and ToxPredict across the combined services of five or

more partners.

Within this section, we also provide a more technical use case of building and validating a
model. The use case is one of the underlying use cases within the ToxPredict use case,
where an algorithm trains a model on a training dataset, and then predicts the compounds
of a test da taset with regards to a certain endpoint.

4.1 ToxPredict Use Case

As the Tox Predict use case should offer easy access to estimate the toxic ological hazard of
a chemical structure for non - QSAR specialists, the main aim was to design a simple yet

easy- to- use u ser interface. For this, one of the a ims was also to reduce the number of
possible parameter s the user has to enter when querying the service. The use case can be
divided into the following five steps:

1. Enter/select a chemical compound
2. Display selected/fou nd structures
3. Select models
4

Perform the estimation
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5. Display the results

The following sequence of screenshots and descriptions explain the workflow and
operations of asample ToxPredict user session.

1. Enter/select a chemical compound

Deliverable Report

@ Search - Mozilla Firefox = | B S
E”E. Edit View History Bookmarks Tools Help
@ - c 7y @ http://apps.ideaconsult.net:8180/ ToxPredict/user/4996263b-0d7 c-4fec-8b68-15e38 2967 cd/A/stepl Tnext=GO! 1.7 - "l' Google P
(& Disabler [ Cookiesw | €55+ | Forms® & Images (@ Information- ) Miscellaneous™ " Qutliner ,,: Resizer _J’(L' Tools~ @ View Sourcer .~ Options™ v © ©
@Search + =
- quest -
ToxPredict
OpenTox demo application Admin
Step 1: Search
Select structure(s) N EXT
Free text search
(Enter chemical name, registry identifier, SMILES, InChI, any keywords)
556-82-1
or Draw a chemical structure
and search for @structure C'substructure CSimilarity
Number of hits 1 =
Done e .
The first step in the ToxPredict workflow provide s the means to specify the chemical
structure(s) for further estimation of toxicological properties. Free text searching allows
the user to find chemical compounds by chemical names and identifiers, SMILES and InChl
strings, and any keywords available in the OpenTox database . The database contains
information from multiple sources, including the ECHA pre- registration list, and was
created within  OpenTox WHP3. Its content and procedures for curation are extensively
described in the OpenTox D3.2 deliverable report (28 February 2010)

" SEVENTH FRAMEWORK
PROGRAMME
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2. Display selected/found structures

The second step displays the chemical compounds, selected by the previous step . Inthe
next release , this step will be updated to allow  the selection/de - selection of structures,
and editing of the structures and associated relevant information. The OpenTox REST

Dataset services are us ed in this step of the application in order to retrieve the requested
information.

*
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