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1. INTRODUCTION

1.1 ABSTRACT

The field of engineered nanomaterials is exponentially growing as well as the demand to assure
the safe use of this type of materials. Nanomaterials are defined as being materials with at least
one external dimension in the size range from approximately 1-100 nm. Nanoparticles are
objects with all three external dimensions at the nanoscale. Engineered nanomaterials can be
used within a numerous amount of application such as:

1. In the design of pharmaceuticals specifically targeting organs or cells in the body
such as cancer cells which also enhances the effectiveness of therapies.

2. To make materials such as cloth or cement stronger and lighter.

3. Use in electronics, as environmental remediation or clean-up to bind with and
neutralize toxins, for their anti-bacterial function in cosmetics etc.

The primary objective of WP2 within the FP7 EU-funded eNanoMapper (eNM) project is to
develop and disseminate a comprehensive ontology for the nanosafety domain, encompassing
nanomaterials and all information relating to their characterization, as well as information
describing relevant experimental paradigms, biological interactions, safety indications and
experimental paradigms.

The current version of the eNanoMapper ontology>?*? is based on the re-usage of 18 existing
ontologies (e.g. NanoParticle Ontology, BioAssay Ontology, Experimental Factor Ontology) (full
details can be found in reference [1]) together with specialized engineered nanomaterials and
nanotechnology vocabularies and definitions, which have been described by several national
and international standardization committees (e.g. International Organization for
Standardization, Joint Research Centre).

The re-used ontologies (OWL file) were made slimmer?, if necessary modified using the free,
open-source ontology editor Protégé® and new terms were added using the Issue Tracker
within GitHub®’2,

The eNM ontology might be accessed through three different ways, namely online via
BioPortal*® and AberOWL** or locally using the open-source Protégé’ software. This tutorial
focusses on browsing through the eNM ontology when one would be interested in finding a
Unique Resource Identifier (URI) for mapping a term originating from for example a database
schema. Using URIs for database schemas will facilitate the harmonization of data originating
from different sources and will make them more comparable.

In order to generate an ontology for engineered nanomaterials which is covering all domains

also instructions are provided within this tutorial on which steps should be taken when a term
is not present within the eNM ontology.
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2. APPLICATION DETAILS

2. TuToRIAL FOR USAGE OF THE ENANOMAPPER ONTOLOGY FOR MAPPING TERMS

There are three options for searching URIs for terms originating from for example a database
schema within the eNM ontology.

2.1. ENM onToLoGY WITHIN BioPoRrTAL
¢ Go to the ENM ontology within BioPortal.
> HTTP://BIOPORTAL.BIOONTOLOGY.ORG/ONTOLOGIES/ENM
¢ Ifyou click on “classes” you will find the hierarchical ontological tree.
By clicking on “entity” all the sub- and head classes will be provided.
¢ In the box of “Jump To:” a particular term might be searched within the
ontology.
¢ In this example we are interested in “zeta potential”.
¢ Suggestions for possible URIs will be given which are present within the eNM
ontology.
¢ Click on the term you are interested in (in this case “zeta potential”).
¢ Details will be provided on the term and the position of the term in the
hierarchical ontological tree will be visualized (see Figure 1).

<

O BioPortal Browse Search Mappings Recommender Annotator Resource Index Projects
Summary Classes Properties Motes Mappings Widgets
Jump To: Visualization Notes {0 Class Mappings (3] &
|:',' entity
L:,'": disposition Preferred Name zeta potential
i amphiphilic
bioavailability D http://purl bioontology.org/ontology/ npo#NPO_1302
biocompatible
biodegradable code NEOHII02
7 electric potential dBXreflD NCIT-C62354
: i zeta potential
electronegativity label zeta potential
- function .
preferred_name zeta potential
# information content entity |
i+ material entity i prefixiRI npo:NPO_1302
I+ process
B quality preflabel zeta potential
subClassOf electric potential

Figure 1: Browsing the eNM ontology within BioPortal.
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2.2. eENM ontoLogy wiTHIN ABEROWL

¢ Go to the ENM ontology within AberOWL.
> HTTP://ABER-OWL.NET/ONTOLOGY/ENM

¢ On the left you will find an interactive view of the hierarchical ontological tree.

¢ Ifyou click on “entity” the tree will be unfolded thereby revealing the sub- and
head classes of the ontology.

¢ Above the “entity” field you will find a search box in which terms may be typed.

¢ In this case we are interested in finding “zeta potential”.

¢ Suggestions will be given for potential URIs which are present in the eNM
ontology.

¢ Ifyou click on one of the suggested URIs the hierarchical ontological tree will
fold out.

¢ On the right the following information is given for this particular URI within the
eNM ontology, for example for “zeta potential” (See Figure 2).

{ Back to Browse
ENM - eNanoMapper
3 ] Overview Browse DL Query Visualise PubMed Data SPARQL Download
4 || entity
- |1 ] disposition
- ||| electric potential label zeta potential
~uazEtpotenlia) obaid NPO:1302
.| amphiphilic
J.| bioavailability SubClassOf: electric potential
| biocompatible
2 .bi 3 /
[ biodegradable class http://purl.bioontology.org/ontology/npo#NPO_1302
| electronegativity e npo_1302
- |l function

i~ i information content entity dbxrefid ncit:C62354

= | material entity

ontology ENM

-~ [i process

- L] quality preferred_name zeta potential

Object properties type o

Figure 2: Browsing the eNM ontology using AberOWL.
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2.3. OpeN AND BROWSE THE ENIM oONTOLOGY WITHIN PROTEGE

¢ Protege can be downloaded from this page:
> HTTP://PROTEGE.STANFORD.EDU/

¢ Download the chosen ontology as .owl file from BioPortal (in this case the eNM
ontology — See Figure 3).

Summary C(lasses Properties Notes Mappings Widgets
Details Metrics
ACRONYM ENM NUMBER OF CLASSES: 6690
VISIBILITY Public NUMBER OF INDIVIDUALS: 183
BIOPORTAL PURL http://purl.bioontology.ora/ontology/ENM NUMBER OF PROPERTIES: 587
The eManoMapper ontology covers the full scope of terminology needed to MAXIMUM DEPTH: 10
DESCRIPTION support research into nanomaterial safety. It builds on multiple pre-existing
external ontologies such as the NanoParticle Ontology. MAXIMUM NUMBER OF CHILDREN: 1390
STATUS Alpha AVERAGE NUMBER OF CHILDREN: 7
FORMAT owL CLASSES WITH A SINGLE CHILD: 400
CONTACT Egon Willighagen, egon.willighagen@maastrichtuniversity.nl CLASSES WITH MORE THAN 25 CHILDREN: 53

Janna Hastings, hastings@ebi.ac.uk e 2885

HOME PAGE https://github.com/enanomapper/ontolosies

PUBLICATIONS PAGE P
Visits ovownioadas csv
DOCUMENTATION PAGE

CATEGORIES Health
350
GROUFS
300
250
Reviews Add your review 200
No reviews available. 128
100
P 50
Submissions
0
SUBMISSION RELEASE DATE UPLOAD DATE DOWNLOADS TR EEEEN Fonne jeleide doolo oo e
FEIISNSISSANEIINRAS
£ S oaf © c o = £ 3 @ay
10/09/2015 10/09/2015 —g}':"‘ﬂ | RDEAXML | TEISFSELSEFEIEFESIFTES
1 farchived 03/11/2015 03/11/2015 OWL | Diff
unknown  (arcrives 03/05/2015 03/05/2015 owL

Figure 3: The OWL file from the eNM ontology on BioPortal.

”

¢ Open Protégé and go to “file” “open” and select the downloaded .owl file -
alternatively, “open from URL” and enter the URL.

¢ Open the tab “entities” to get to the terms.

In this case we are interested in finding “amphiphilic”.

¢ Inclass annotations and class usage you will find the detailed information: label,
code, preferred name, synonym which can be edited, deleted or annotated (See
Figure 4).

<
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| Class hierarchy | Class hierarchy (inferred) |

Class hiererchy: amphip

¥ @Thing
v @ entity
¥ @ disposition
|
- @ bioavailability
i ® biocompatible
{. @ biodegradable
¥ electric potential’
@ 'zeta potential'
- @ electronegativity
¥ @ function
+- @ 'DNA intercalation'
¥ @ ‘information content entity’
- @ 'material entity'
»- @ process
- @ quality

WEEE Y Annotations: amphiy

| Individusls by type Annotation property hierarchy

| Datatypes

| Object property hierarchy

| Data property hierarchy

Object property hierarchy:
e X
b mtopObjectProperty

| €lass Annotations | Class Usage

label [type: string]

amphiphilic
code [ype: string]

NPO_732

preferred_name  [type: string]
amphiphilic

synonym - [type: string]
amphipathic

Target for Key

No Reasoner set. Select a reasoner from the Reasoner menu (v Show Inferences

Figure 4: Browsing the eNM ontology in Protégé.

2.4. FoLLow-UP PROCEDURE IF TERM IS NOT PRESENT IN THE ENM onTOLOGY
¢ If the term is not present within the eNM Ontology it needs to be searched
within one of the other existing ontologies.
¢ At the moment the following external ontology sources are used within the
creation of the eNM ontology (total of 6690 classes) (See Figure 5 and 6).

v2 eNM

Ontnlnﬂ' # classes

BAO 351
BFO 6
CHEBI 26
CHEMINF 376
ENM 56
ENVID 438
1A0 20
NPO 426
OAE 1921
OBl 742
owl 5
PATO 37
uo 310
BTO 34
CCONT 12
CHMO 71
CcLo 428
EFO 1322
FIX 17
OBCS 92
total 6690

Figure 5: Number of used classes present within the eNM ontology and its respective originating

eNanoMapper

604134

external ontologies.
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The eNanoMapper Ontology version 2

1l
electric ‘g\ i\ \
| biodegradable | - L.MJ SR TGN X TN
Lelectronegativity J BFO | ' | oscs - L—Jd (pourdensity) 'enm
enti aaverse
“measurement
| Lzetapotential | | itiny | mm' R oo o o o
------- data
\\;_W Themica experlmental granulometry) cHMO
| _substance ﬁ OBCS FIX

chromotography

:
NGl biome | oral toxicity |

colonic cancer M GM13649 |cLO

Figure 6: An overview of the upper levels and integration of external ontology content (18
ontologies) together with manually annotated (ENM) content.

¢ Preferably the term should there be searched in one of these ontology sources.
> In BioPortal you can do this as follows:
= Goto “Search” in the toolbar.
= Type in your term that you want to find an URI for.
* Look at the suggestions given.
= Take the URI which is originating from one of the above ontologies.
» Also keep in mind the structure and position of the URI in the ontological
tree.
= Copy the full URI, label and prefix URI to for example an excel File.
> In AberOWL this can be done as follows:
= Go the home page of AberOWL.
= Type in your term that you want to find an URI for.
= Look at the suggestions given.
= Take the URI which is originating from one of the above ontologies.
» Also keep in mind the structure and position of the URI in the ontological
tree.
= Copy the full URI, label and prefix URI to for example an excel File.
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¢ For the follow-up there are two options:
> Request an addition of the URI to the eNM ontology via the Issue Tracker
available on https://github.com/enanomapper/ontologies (“Issues” on the
right side of the screen) (See Figure 7).

GitHub This repository Explore Features Enterprise Pricing Sign in

enanomapper / ontologies © Watch 16  # Star 1 ¥ Fork 3
Code @ lssues 28 Pull requests o Pulse Graphs

isiissue is:open Labels Milestones
@ 28 Open + 20 Closed Author - Labels « Milestones Assignee = Sort ~
) online hackathons for ontology development J2

#47 opened 6 days ago by egonw

T add several nanoparticle ontologies [12
#45 opened 10 days ago by fehrhart

) move platinum nanoparticle
#44 opened 10 days ago by fehrhart

©) move palladium nanoparticle 11
#43 opened 10 days ago by fehrhart

) move titanium dioxide nanoparticle
#42 opened 10 days ago by fehrhart

©) move dieuropium trioxide nanoparticle
#41 opened 10 days ago by fehrhart

7} move copper(ll) oxide nanoparticle
#40 opened 10 days ago by fehrhart

Figure 7: The Issue Tracker of the eNM ontology within GitHub.
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> Create a patch for the “slimmer” version of the eNM ontology which will be
loaded together with the other included slimmed versions of the available
ontologies (note: a slimmed version of the ontology includes only those URIs
which are included within the eNM ontology; this is done since a full
inclusion of all respective ontologies will be create a very extensive and
aspecific ontology). Available at
https://qgithub.com/enanomapper/slimmer/tree/master/src/main/resource
s (see Figure 8).

.

GItHub This repository Explore Features Enterprise Pricing Sign in
enanomapper / slimmer ® Watch 6 A Star 1 YFork 3
<> Code lssues 7 Pull requests 15 Pulse Graphs
Branch: master ~ | slimmer / src / main / resources / Find file  History

a egonw | think these are 'data items Latest commit @cfee83 on 27 Nov 2015

[ii

bao.iris

(i)

bao_props Create bao props
B bfo.iris

B bfo.props

= -
El ccont.ins

Figure 8: The “slimmed” versions of the used external ontologies for the eNM ontology.

> |[f the URI is not present in one of the preferred ontology sources a correct
additional ontology source should be chosen.
> Once this has been done the follow-up options may be applied.
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