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A Ontology Server

A Using the Dataset API

A Dataset Integration

A Data quality and accuracy

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

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

Ontology service

Authentication
authorisation

and

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 on a te| 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 shoul

return the URI of the task.

Provides storage and SPARQL search functionality for objec http://host:port/ontology

defined in OpenTox services and relevant ontologies

Granting access to protected resourcesdathorisedusers

http://host:port/opensso

http://host:port/opensso-pol




A Distributed Web services for predictive toxicology
A REST technology

Every object has an unique URI

URIs aredereferensable

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

A Every object has RDF representation

Compounds
Datasets

Compound properties
Prediction algorithms
Models

Validation statistics
Reports

A 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 &
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Ontology service

ARDF triple storage
AREST interface for
registration of OpenTox
objects

AdTTP POST
ASPARQL

Ayuery
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@ 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

ce

Validatiop ser
[

| Model servic
/validation/id

/model/{id}
Create a model, Returns the model URL HTTP POST
Run calculations with http://hostl/model/id
dataset
http://hostl/dataset/id
. Algorithm service
Dataset service |
[ : l
Structures, Regression
Classification =—

descriptors,

endpoints Quantum Chemistry

Descriptors, etc.,

Ontoldgy service

HTTP POST |

. T Publi_shed models,
Build a predictive model Algorithms,
ntologies,

metadata




Apply predictive models

Model service | Qntology
. Apply the model N=YaVilal=
/model/{id http://hostL/model/id Published models,
to dataset Algorithms,
http://host2/datasetfid SPARQ Or?tologieS,
HTTP POST metadata

HTTP e

Predict

Retrieve available
endpoints and model
URLs, e.g.
http://hostl/model/id

Returns the results
dataset URL
http://host/dataset/id




OpenTox API (application Programming Interface)

Arhe way applications talk to each other oot
Arhe way developers talk to applications ik PO

GET
POST
PUT
DELETE

AppDomain

GET

POST
Dataset PUT

DELETE

GET
POST Model
PUT
DELETE CET

POST

Feature PUT
DELETE

GET Ontology
POST
PUT CET
DELETE SOST
PUT
DELETE
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RDF- Resources representation

A Theopentox.owlbntology All OpenTox components are defined by
I Acommon OWL data model of all OWL ontology
OpenToxresources http://opentox.org/api/l.1/opentox.owl
i DescribeDpenToxresources All resources are subclasses of

ot:OpenToxResource

ot:OpentoxResource

I Describes relationships between them

I Generates object's RDF representations. —
ot:Algort otFealure ot FealureValue ot:DataEntry
A

RDF/XML representation is mandatory for D D D
OpenToxresources. D

A Uniform approach to data representation
I Calculated and measured properties of

1 algorthm | Ju“[‘?‘l:l\ ottt \‘“ hasSource Motdatabn

chemical compounds are represented in { e g e
uniform way i
I Linked to the resource used for data J‘
I BivaldationMode] 0t validationPestiitiasBtasat
generation ez ikt R 0151 g1y

I Annotated via ontology entries D S o % % D

I Model representations link to algorithms
and data used

-_._______
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http://opentox.org/api/1.1/opentox.owl

Resources: Chemical compound

Compound
Provides different representations for
chemical compounds with a unique and

defined chemical structure.
/compound/{id}

Conformer
/lcompound/{id}/conformer/{id}

Documentation
http://opentox.org/dev/apis/afil/structure

Representation

A subclass 0bt:OpenToxResource
Supports different Chemical MIME
formats

Example 1. Retrieve compound as MOL

$ curl-H "Accept:chemic#k-mdI-molfile"

http://apps.ideaconsult.net:8080/ambit2/compound/1

CH20

APtclcactv09040902283D 0 0.00000
430000000 0999 V2000
-0.6004 0.0000 0.00010 00000O0O0O0CQ
0.6072 0.0000-0.0004C 0000000O00O0C
1.1472 0.9353 0.0016H 0000000O00O
1.1472 -0.9353 0.0016H 000000000000
1220000

2310000

2410000

0.00000

Example 2. Retrieve compound as SMILES

$ curl-H "Accept:chemic#k-daylightsmiles"
http://apps.ideaconsult.net:8080/ambit2/compound/1
0o=C

Example 3. Query compounds

$ curlcH Accept:chemical A Y S &
http:// apps.ideaconsult.net:8080/ambit2/query/compound/{aigentifier-or-keyword}

RDF representation only for specifying
owl:sameAdinks to external resources

$ curlgH Accept:chemica¥ A YS &
http:// apps.ideaconsult.net:8080/ambit2/query/smarts?search={smarts}
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Resources: Dataset

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

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

Operations

APOSTi Upload a dataset
APUT i Update the dataset co
AELETE i Remove the datas

Dataset

GET

@prefixaf:  <http://apps.ideaconsulinet:8080ambit2/feature/> . POST
@prefixot:  <http:// . t [api/1.1#>. . PUT
¢ prefixo p:/ww .opentoxorg/api Representation A
ad9 a ot:Dataset RDF/XML (mandatory), MOL, SDF, CSV, TXT,
ot:dataEntry ARFF .. (optional)
[a otDataEntry Arhe dataset consists of data entries.

ot:compound

<http://apps.ideaconsulnet:8080ambit2/compound/413/conformer/4094 EaCh entry IS associated with exa(ﬂhe

e chemical compound identified by its
[a ot:FeatureValue URI and available Vi@penTOX
ot:featureaf:21576; - .
ot:value"3.30999994277954 T xsddouble Compound Service AP"
ik KOne and the same compound can be
ot:values associated with multiple dataset entries;
[a ot:FeatureValue - . .
ot:featureaf:21573; k very Acol umno | S a
]O“V&'“e"?’-o"““XdeO”b'e Feature, its representation should be
] available viaOpenToxFeature API
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OpenTox datasets: Uniform access to data

Everything described by W3C RDF (Resource Description framework)

Cormpound!  |yap /imynost.c |http ://myhost.c |http ://myhost.c |nttp ://myhost.c | NP/ Myhos |hity /1 myhost.ghttp :// myhost.q
om/feature/215om/feature/215om/feature/215|om/feature/215| t-com/featur  |om/feature/218|om/feature/221
80 89 e/21588

http ://myhost.c N,N-dimethyl-4- CN(C1=CC=C(' 3
om/compound/ aminoazobenzeC1)N=N/C2=C(
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.qgsar.descriptors.
molecular.XLogPDescriptor> ;
otee:Octanol -water partition_coefficient Kow



http://myhost.com/feature/21573
http://myhost.com/feature/21858
http://myhost.com/feature/21858
http://myhost.com/feature/21858
http://myhost.com/feature/22114
http://myhost.com/feature/22114
http://myhost.com/feature/22114

Uniform access to the data

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

A The dataset service offers property, compound, substructure and
similarity searches via uniform OpenToxApplication Programming

Mozilla Firefox

File Edit View History Bookmarks Tools Help
- C A L (HE Y -] 2 cebs effects el

(& Disabler £ Cookiess | CS5 -] Forms~ | Images” @ Information- ) Miscellaneous~ .~ Outline~ .  Resizer ./ Tools* 2] View Source - Options® b 4

| [ http//apps.ideac...Stats?header=TRUE | + | |

69 41 33 71

1.pre_reqi 20090327.xml 143835 258

csuts Dataset= 112Datasel= Downioas ss @@ o B T ) 8= via numer of nirs: 100

Compound

¢ Toxcast To
CHR Mouse Ureter 2
T 1000000.0

4 Toxcast To

4 Toxcast To
Rat Trachea 3
1000000.0

4 Toxcast To |.

Mouse Pit
1000000.0

Mouse Nose 1
1000000.0

2.CPDBAS: Carcinogenic Potency Database  psg
Summary Tables - All Species -
3.

4.DBPCAMN: EPA Water Disinfe:

By Products with Carcil Estimates
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 g
System (IRIS) Toxicity Review Data -
9.FDAMDD: FDA Maximum (Recommended)

= 13

e
e

1000000.0 1000000.0 1000000.0 1000000.0

=

&

53 150 2 0 18 & 3 NA NA 1000000.0 NA
Daily Dose

10.Burci mutagenicity dataset.sdf 1740 503 52 36 180 14

11.¢i049884m caco2-training set.sdf 22 22 2 0 3 1

12.ECETOC Technical Report No. 66 Skin 128 5 o 1 o

itation and corrosion Reference
Chemicals data base (1995)

13.1SSMIC v2a 151 2Apr09.sdfi

=
B

14.Compilation of historical local lymph

5
=

node assay data for the evaluation of skin

<

17

(X}

m

=

I
[
=
[

% Find: [0 & Ned & Previous &7 Highlightall [¥] Match case

0 Phrase not found
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Example: mutagenicity dataset

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

A 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% v
~ =
hae -_-“'-—-...
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http://apps.ideaconsult.net:8080/ambit2/dataset/2344
http://apps.ideaconsult.net:8080/ambit2/dataset/2344/metadata

Example: mutagenicity dataset

@prefixot:  <http://www.opentox.org/api/l.1#> .
A ACtIVIty @prefixdc:  <http://purl.org/dc/elements/1.1/> .

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

T @prefix ota:  <http://www.opentox.org/algorithmTypes.owl#> .
s 4 2 eemens @Prefix otee:  <http://www.opentox.org/echaEndpoints.owl#> .

[#] Chemical compounds

Toxpredict 11c pepietion pare. (@ PrEfiX af: <http://apps.ideaconsult.net:8080/ambit2/feature/> .

[ ]
;Jmhl af:28958
Clanivi a  otFeature , ot:NumericFeature ;
dc:creator "194.141.0.136";
Search results Dz ' n "1 LLI
- dc:title "Activity" ;
4 C
o . ot:hasSource "tox_benchmark N6512.sdf" ;
patasets | ot:units "™ ;
rapones © | =  otee:Mutagenicity .
jall
descriptors !
pKa ﬁ(
Lolecile ot:hasSource
Dletctonc T a owl:ObjectProperty .
(PM3
optimized 2 Jr—
g, 2 | otunits
?tgt”‘l) P a owl:DatatypeProperty .
nTuxlree:
Cramer rules
| ot:Feature
- a owl:Class.

1 Dane, butwith ermors on page.

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