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CHAPTER 1

Initial Preparation

GitHub Login

Obtain a login at GitHub (https://github.com/) and send your login name so you can be added to the GO Organization
(https://github.com/geneontology). This is our repository for ontology files and issue trackers.

Clone this repository

Visit https://github.com/geneontology/protege- tutorial
click “Clone or Download”

This will give you a URL you can use

’ git clone https://github.com/geneontology/protege-tutorial.git

These files will be under protege-tutorial on your drive.

Install Protege 5 for Ontology Development

Download and install the latest version of Protege (5.1) for ontology development.
http://protege.stanford.edu/products.php#desktop-protege

The exercises assume that you have the tutorial directory checked out from GitHub. If for some reason you’re unable
to do this, you can download individual files from:

https://github.com/geneontology/protege-tutorial



https://github.com/
https://github.com/geneontology
https://github.com/geneontology/protege-tutorial
https://github.com/geneontology/protege-tutorial
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CHAPTER 2

Starting Protégé

When you start Protégé a welcome dialog appears where you can choose to
1. Create a new OWL ontology
2. Open an existing OWL ontology
3. Open an ontology from a particular URI (e.g http://purl.obolibrary.org/obo/go.owl).
NN

Create new OWL ontology

Open OWL ontology

Open OWL ontology from URI
Open from the TONES repository

r Open recent

http:/ /purl.org/obo/owl/biological_process

fUsers/jupp/Documents /teaching /GO_tutorial /tutorial /basic-subclass /chromosome-parts.owl

http:/ fpurl.obolibrary.org /fobo/ro.owl

fUsers [jupp/dev/tomcats /apache-tomcat-6.0.29/webapps /kupkb /WEE-INF/classes /resources [ontologies /cto.owl
fUsers [jupp/tmp/test.owl

/Users jupp/Documents /e=lico/svn/trunk /Public/ kupkb/kupkb.owl

http:/ / purl.obolibrary.org fobo [/ cl.owl

fUsers/jupp/Dropbox/JuppKlein/KUP/experiment_descriptions.owl
fUsers/jupp/Dropbox/JuppKlein/KUP/experiment_ontologies/schanstra_bachvarov.owl

/Users /jupp/Dropbox/mouse GOA/ontology/mouse-phene.owl

More actions

We will begin by selecting “Create new Ontology”. In the next dialog we will create an IRI that can be used to
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identify our ontology on the Web. You can set the IRI to anything you want at this stage, for this tutorial we will use
http://purl.obolibrary.org/obo/owl-tutorial/chromosome-parts.owl.

800 Create ontology wizard

Ontology ID

Please specify the ontology IRI.

The ontology IRl is used to identify the ontology in the context of the world wide web. It is
recommended that you set the ontology IRl to be the URL where the latest version of the ontology
will be published. If you use a version IRI, then it is recommended that you set the version IRI to be
the URL where this version of the ontology will be published.

Ontology IRI

l http:/ /purl.obolibrary.org/obo fowl-tutorial { chromosome-parts.owl

Version IRI
http:/ fwww_semanticweb.org/ontologies (2012 /0/0Ontology1326971196330.0w

[| Enable Version Iri

| Default base...

Go Back | Continue | | Cancel |

You will also want to save this ontology file to your hard disk. Use the next dialog to save the ontology file some-
where convenient. Finally you will want to choose a format for your ontology file. Protégé allows you to save your
ontology in a variety of OWL formats, including the OBO file format. We recommend that you save your ontology in
RDF/XML, as this is the most stable format to work with in Protégé. You can always choose to export your file in one
of the other formats later.

6 Chapter 2. Starting Protégé
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800 Create ontology wizard

Ontology Format

Please select the format in which the ontology will be saved (by default).

Note that the Manchester OWL Syntax does not support all OWL constructs (e.g. GCl's and
annotations of undeclared entities) and the Latex format cannot be reloaded

OWL/XML

OWL Functional Syntax
Manchester OWL Syntax
OBO 1.2 flat file

KRSS2 Syntax

Latex

Turtle

| GoBack | | Finish | | Cancel |

The Protégé Ul

After a few seconds Protégé will launch into the main user interface. The protégé interface follows a basic paradigm
of Tabs and Panels. The layout of tabs and panels is configurable by the user. By default protégé launches with 5 main
tabs.

2.1. The Protégé Ul 7
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800 parts (http://purl.obolibrary. parts.owl) - [/ hing/GO_t parts.owl]
<[] [&c parts (http://purl.obolibrary.org/obo; owl-tutorial/ chromosome-parts.owl) ) @@
VYRSl Entities = Classes | Object Properties | Data Properties | Individuals | DL Query |
notations: LECE] @
DL Expre:
AL

Symbol key

Auributive language. This is the base language which allows:

‘= Atomic negation (negation of concepts that do not appear on the left hand side of axioms)
Aﬁ = Concept intersection

» Universal restrictions

 Limited existential quatification (restrictions that only have filers of Thing)

].'E* A sub-langauge of AL, which is obtained by disallowing atomic negation

fﬁo A sub-language of FL", which s obtained by disallowing limited existential quantification
Complex concept ne gation
An abbreviation for AL and C with transitive properties

Role hierarchy (subproperties - rdfs:subPrape rtyOf)

Inverse properties

Cardinality restrictions (owl:Cardinality, owl: minCardianlity, owl:maxCardinality)

O Nominals. (Enumerated classes or object value resrictions - owl:oneOf, owl:hasValue)
A

OnGratimpotView | OnalogyFrefces | Generlcass avoms | OF XML rendering |
Imported ontologies: [ECE]
Drect mpors

Indirect Imports

To use the reasoner click Reasoner->Start reasoner (V] Show Inferences

The first tab you see is the Active Ontology tab. Here you will find some basic meta-data about the ontology you are
viewing. At the very top you see the IRI and file name of the active ontology you are viewing. Protégé allows you to

work with multiple ontologies at once (See later), so this top bar is very important as it lets you know which ontology
you are viewing and editing.

8600

" ; i00/GO tutori parts.owl]
M\ obolibrary.org; obo owl-tutorial/ chromosome-parts.owl) — A S
PO Entities | Classes |_Obiect Properti Data.p: b M

notations [=CE] T onolooy metrics |
DL met [ECE
DL Expressivity
Symbol key

Atributive language. This is the base language which allows

' Atomic negation (negation of concepts that do not appear on the left hand side of axioms)
AL @ Concept intersecti

‘@ Universal restrictions

@ Limited existential quatification (restrictions that only have fillers of Thing)

]:E* A'sub-langauge of AL, which is obtained by disallowing atomic negation

]:LO A sub-language of FL", which is obtained by disallowing limited existential quantification
‘Complex concept ne gation
An abbreviation for AL and C with transitive properties

Role hierarchy (subproperties - rdfs:subPrape rty0f)

Inverse properties

Cardinality restrictions (owk:Cardinality, owl:minCardianlity, owl:maxCardinality}

O Nominals. (Enumerated classes or object value resrictions - owl:oneOf, owl:hasValue)
A

T OnioGraf import View | Ontology Prefixes

General class axioms | RDF/XML rendering |
I

ported ontolo

mEEE
Direct Imports

Indirect Imports

To use the reasoner click Reasoner->Start reasoner (¥ Show Inferences

Chapter 2. Starting Protégé
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The panel on the left is the ontology annotations panel. You can use this panel to add basic meta-data to your ontology,
such as the creation date, the authors and a short description.

2.1. The Protégé Ul 9
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CHAPTER 3

The entities tab

You will see along the top of the screen various tabs. Each tab provides a different perspective on the ontology. For
example, the classes tab allows us to view and edit the classes in the ontology, and similarly the properties tab focuses
on the properties in the ontology. The primary tab where you will spend most of your time is the entities tab.

| Active Ontology m Classes = Object Properties | Data Properties | Individuals | DL Query |

Select the entities tab and then select the Thing class. Thing is the root class for all OWL ontologies and it cannot be
deleted in Protégé.

The entities tab is split into two halves. The left hand side provides a suite of panels for selecting various entities in
your ontology. When a particular entity is selected the panels on the right hand side displays information about that
entity. The entities panel is context specific, so if you have a class selected (like Thing) then the panels on the right are
aimed at editing classes.

11
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600 - - s (http://purl.obolibr o i parts.owl) - [ c hir parts.owl]
[«]=»] (@ e=parts (http://purl.obolibrary.org/obo/owl-tutorial /¢ owl) BRE. N )
| Active Ontology [N Classes | Object Properties = Data Properties | Individuals | DL Query |
'immm Class hierarchy (inferred) Search Annotations. @
[%e]] [

Aotatons

Desc Thi

WEEE

Equivalent dlasses

Superclasses

Data propery hierarchy | Individuals by type | Amnatation property hierarchy | Datatypes |

Inherited anonymous classes
topObjectProper [=CE]

Members

topObjectProper

Keys

Disjoint classes

Disjoint union of

To use the reasoner click Reasoner->Start reasoner (¥ Show Inferences

If you select the topObjectProperty property in the panel at the bottom, the right hand side panels will change context.

(©00 (http://purl

parts.owl) - cuments/teaching/GO_tutorial ontology_fil owi]

[<2] =] [ @ chromosome-parts (http://purl.obolibrary.org/ebo/owl-tutorial/ chromos ome-parts.owl)

[ Active Ontology [IETRTS

[EETTEIN Class hierarchy nferred) | Search Annotations

Classes |_Object Properties | Data Properties | Individuals | DL Query |

T obectropery e
EI e LEEE Annotations: topObjectProperty BT
%8|

Annotatons

Description: topObjectProperty e
(] Functional Domains (interse ction

O Inverse functional Ranges (intersection:

() Transitive

- Equivalent object poperties

() symmetric

(1) Asymmetric Super properties

U Reflexive Inverse properties

(] trreflexive
Disjoint properties

[T R 2Bl Data property herarchy | individuals by type | Annotation property hierarchy | _Datatypes |
Property chains
Object proper topObjectProperty [=CE] pety

[=l=]x]

To use the reasoner click Reasoner->Start reasoner M Show Inferences

12 Chapter 3. The entities tab
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Creating your first class

By far the most common panel for working with your ontology is the Class hierarchy panel.

Class hierarchy (inferred) Search Annotations J

Class hierarchy: Thing DEEE
S

There are three buttons at the top of the class hierarchy view. These allow you to add a subclass, add a sibling or delete
a selected class. We will use the ‘add subclass’ button to add a child class to OWL thing. For now, simply name this
class cellular_component.

3.1. Creating your first class 13
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wr p——————y

Class hierarchy Class hierarchy (inferred) = Search Annotations l
o || B

Create a new OWLClass

Please enter a class name

Icellular_cnmpnnemj

["] Ignore entity creation preferences

http://purl.obolibrary.org/obo/owl|-tutorial /chromosome- parts.owl#cellular_componen

[ ST

The class should have been created as follows. By default Protégé will use the ontology IRI, followed by a #, followed
by your specified name (replacing spaces with underscores) as the the unique IRI for this entity. If you hover over this
class with your mouse you will see the full IRI for this class

14 Chapter 3. The entities tab
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Class hierarchy (inferred) Search Annotations J
Class hierarchy: cellular_component DEEE

B
v ©Thing

Renaming an entity

We can change the IRI for a concept using the rename function in the refactoring menu. Rename the cellu-
lar_component class to use its proper IRI from the Gene Ontology (http://purl.obolibrary.org/obo/GO_0005575)

e 0 JUElelly SKOSEd  Window  Help

... chromosome-parts thttp://purl.obolibr iR ET LT (LU Change th
- Rename multiple entities...

El L3 [ @ chromosome-parts (http://purl.obolibrary.org/obo/owl-tutorial /chromosome Change ontology URI
Convert entity URIs to labels...

dividuals
= Convert property assertion on class/individual puns to annotations =
Class hierarchy (inferred)  Search Annotations J Coerce data property values into property range

Split subclass axioms

Amalgamate subclass axioms

Split disjoint classes into pairwise disjoints
Amalgamate disjoint classes into larger disjoint sets

Convert qualified min cardinality 1 to someValuesFrom
Copy/move/delete axioms ...

Merge ontologies...

Make sure the check the “Show full IRI” box so you can edit the full IRI.

3.2. Renaming an entity 15
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| Active Untology Classes | Ubject Properties | Data

Class hierarchy (inferredh | Search Annotations J

Class hierarchy: cellular_component

[T (=]

MHEEEFE

Annotations: cellular_compo

¥ ©Thing
cellular_component|

0.0

Change entity URI

Ihttp:.-' {purl.obolibrary.org /obo/owl-tutorial/chromosome-parts.owl#cellular_component I

™ Change all entities with this URI

™ Show full IRI

Cancel

| Lok ]

Description: cellular_compone

Equivalent classes o

Superclasses 0

Data property hierarchy | Individuals by type | Annatation property hierarchy | Datatypes]

Object property hierarchy: topObjectProperty

And then paste or type in the correct GO URL

Inherited anonymous classes

16

Chapter 3. The entities tab
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L §
Class hierarchy (inferred) Search Annotations ]
i . MBEEE g
Class hierarchy: cellular_component Annotations: cellular_co

[teTe 1]

¥ ©Thing
cellular component

Ll
B T T —— 1 e T111115 A o e -
| http:HpurI.0bolibraw.org!obof60_00055?5|
™ Change all entities with this URI ™ Show full IRI
[ Cancel ] M

q

Description: cellular_compq

Equivalent classes

Superclasses

Now the correct GO URI appears in the ontology. Obviously you don’t want to have to rename every entity you
create when building your own ontology. Luckily Protégé provides a “New Entities” preferences panel where you can
specify how new IRI should be created.

New entities

Terms in the ontologies we use have separate names and IDs. The names are annotation values (labels) and the IDs
are represented using IRIs. The OBO foundry has a policy on IRI (or ID) generation. You can set an id strategy using
the “New Entities” tab under the Protégé preferences.

Set your new entity preferences as follows:

3.3. New entities 17
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1800 Preferences
| 4 | General Mew Entitie New Ontologies OWLViz Plugins Reasoner Renderer Save Tree preferences
Entity URI
Start with: (") Active ontology URI

(®) Specified URI: http://purl.cbolibrary.org/obo

Followed by: () &
O
End with: (") User supplied name

(*) Auto-generated ID

Entity Label

Create label from user supplied name
|_| Create label from auto-generated 1D

(®) Same as label renderer
() Custom label

URI http:/ /www.w3.org/2000/01/rdf-schemastlabel

Lang

-

Auto-generated ID

(_) Numeric (pseudo random) Prefix: |GO_
(®) Numeric (iterative)
- Suffix:
() Unigue and meaningless
Digit count: 7|13
Start: | 6,000,000 (5
End: -1[3)

|_| Remember last ID between Protégé sessions

| Cancel I[ 0K ]

For ontologies other than GO, change the value of the prefix. Note that all OBO library ontologies should use the
obolibrary.org Specified URI value.

Adding annotations properties

You can add annotations (such as labels, descriptions, xrefs, etc.) to any OWL entity using Protégé. The panel on the
right, named Annotations is where these annotations are added. Use this panel to add a “cellular_component” label to
the class you created previously.

18 Chapter 3. The entities tab
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00 parts (http:/ /purl.oboli Y i parts.owl) - [fUsers/jupp ,0_tutorial fontology. parts.owi]

[S]»] [&c parts (http:/ /purl.obolibrary.org/obo/owl-tutorial/ chromosome-parts.owl) ) @ (Q

[ Active Ontology Classes | Object Properties | _Data Properties | Individuals DL Query |

Class hierarchy (nferred) | Search Annotations T ClssUsage | Manchesersymax enderng
Class hierarchy: GO_0005575 IERE Annotations: GO_0005575 —
[%]%] Sotatons

v ©Thing
GO_0005575

[EEE]

Tl Dot property herarchy | indiduals by type | Annotation property hierarchy | Datatypes herted nonymons e

Select the + button to add an annotation to the selected entity. Protégé has a set of built in annotation properties, such
as label and comment — add a comment such as “created during Berkeley tutorial”. You can also create your own

annotation properties.

Note that for practical purposes you will start from an existing OWL file that will include a pre-declared set of an-
notation properties such as ‘has exact synonym’ and ‘definition’. You may never need to create your own annotation
properties.

3.4. Adding annotations properties 19
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800 GO_0005575

I:l m Entity IRI IRl Editor | Property values |

backwardCompatibleWith
comment

deprecated cellular_component|
incompatibleWith

isDefinedBy

Value

priorVersion
seeAlso
versioninfo

Type | *| Lang -

| Cancel | [ OK ]

Setting label rendering

You can change how Protégé renders entities. It is common to want to view entities by the their label, rather than
identifiers. You can tell Protégé to render on any annotation property you choose. Lets render all entities by their class
label.

20 Chapter 3. The entities tab
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®00 s ik r— i S ing /GO tutor £l S

B parts (http://purl.obolibrary.org/obo/owl-tutorial /chrom: owl) BRE Y

| Active Ontology Classes | Object Properties | Data Properties Individuals DL Query |

[EETTETE Class hierarchy nferred) | Search Annotations. (SRR Class Usage | Manchester symax rendering
Classs hierarchy: GO_0005575 mEEE 'Annotations: GO_0005575 ELE]

v ot
GO_0005575} fabel

“cellular_component”

mEEE

Equivalent classes

Superclasses

Data property hierarchy | Individuals by type | Annotation properly hierarchy | Datatypes | herited anonymaus casses

Object property hierarchy: topObjectProperty [ELE]
AN Mermbers
=topObjectProperty
eps
Disoint dasses

Disjoint union of

To use the reasoner click Reasoner->Start reasoner (¥ Show Inferences

In the view menu choose render by label

3_0 ial/ontology_files/ch

v Render by label (rdfs:label)
Render by annotation property > ‘
Custom rendering...

Classes = Object Properties = Data Properties  Individuals DLQuery]

~  Show the imports closure of the active ontology

T (e RN
Show only the active ontolo
U 2 Annotations: cellular_component

Annotations

label
“cellular_component”

EE

» @®Thing

The cellular_component class will now render in the hierarchy view using the value of the label annotation property.

3.5. Setting label rendering 21
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600 pas obolibr p 1) - [/Users /jupp/D: ing/GO_tutori X parts.owl]
S+ (@ pants (http://purl.obolibrary.org/obo/owl-tutorial/chromosome-parts.owl) ¢ mQ

Active Ontology [JENHIIEN] Classes Object Properties Data Properties | Individuals DL Query

[EESYTIETall Class hierarchy Gnferred) | Search Annotations

ax )
e, — Annotations: cellular_component [T
%3]
v ®Thing bal
cellular_component] — .
‘celular_component
http:/ /purl.obolibrary.org/ obo/GO_0005575
Description: cellular_component [

Fquivalent dlasse

[Tl D:ta propeny hierarchy | indiiduals by type | Annolation praperty hierarchy | Datatypes. | e

Creating the class hierarchy

We will now create a simple class hierarchy. In Protégé ‘class hierarchy’ typically refers to a sub/superclass hierarchy
(also known as an is_a hierarchy in OBO-Edit). We will return to relations such as ‘part of” later on in this tutorial.
For now, we will take advantage of the fact that the GO cell component ontology allows us to bypass this for now by
means of classes such as ‘cell part’ and ‘nuclear part’.

Using the class hierarchy view create a small section of the cellular component branch of the GO as shown in the
following screenshot. Play around with add subclass, add sibling and the drag and drop functionality.

22 Chapter 3. The entities tab
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Class hierarchy {inferred) Search Annotations

:cellular_component

(% [e | (]
v ©Thing
Ll 0 cellular component
Dcell
v ©'cell part'

@intracellular
v @'intracellular part’
v @'intracellular organelle’
@ chromosome
v @'intracellular organelle part'
v ©'chromosomal part'
@ 'DNA replication termination region'
@ chromatin
@ chromocenter
©'chromosome, centromeric region'
©'chromosome, telomeric region'
v D organelle
v @'intracellular organelle'
@ chromosome
v ©'non-membrane-bounded organelle'
@ chromosome
v @O'organelle part'
v @'intracellular organelle part'
v ©'chromosomal part'
©'DNA replication termination region'
@ chromatin
@ chromocenter
©'chromosome, centromeric region'
©'chromosome, telomeric region'

Don’t bother to add textual definitions, synonyms, etc. at this stage.

After you have become familiar, you can save your efforts or discard them — you won’t need this ontology from here
on.

EXERCISE: Basic Subclass Hierarchy

Go to the directory basic-subclass in the tutorial folder and open chromosome-parts.owl

3.7. EXERCISE: Basic Subclass Hierarchy 23
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Follow the instructions in the README file

24 Chapter 3. The entities tab
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Class description view

We have seen how to add subclasses in the class hierarchy. Another way to do the same thing is via the Class
description view.

When an OWL class is selected in the entities view, the right hand side of the tab shows the class description panel.
If we select the cell class we see in the class description view that this class has a superclass (cellular_component).
Using the + button we could add more superclasses to the cell class.

25
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2 B e e e
El Y [ @ ch parts (http:/ /purl.obolib .org/obo/test/ chromosome-parts.owl) C] 8 (Q
[ Active Ontology [WETHUTN] Classes Object Properties | Data Properties | Individuals | SKOS view | DL Query | OPPL | OPPL Patterns |
s e b S Al 010 Chss Usage | Manchester symian rnderig |
Clsslerar{h : cell DEEE Irmennee ol FCE]
¥ ©Thing il
v ©cellular_component L .
cell ‘cell"AAstring
» ©'cell part'
» ©organelle
» @'organelle part'
Asserted in: hup://purl. g/obo/test/: parts.owl
on: cell B EE
Equalent classes
Superclasses
©cellular_component
Inherited anonymous classes
Members
Keys
Disjoint classes
bject property hierarchy Data property hierarchy Individuals by type > Disjoint union of
o ELE
==X
» mmtopObjectProperty

To use the reasoner click Reasoner->5tart reasoner E Show Inferences

Select the ‘intracellular organelle part’ class in your ontology.

. Using the superclasses + button, add the ‘organelle’
class as a super class.

26 Chapter 4. Class description view
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Description: 'intracellular organelle part'

Equivalent classes o

Class expression editor Object restriction creator | Class hierarchy

[ Cancel J [

There are various ways to assert a superclass. The simplest it to just type in the class expression editor. Hint: Pressing
CTRL + SPACE allows you to autocomplete on a term.

27



protege-tutorial Documentation, Release 0.5

ne 00 — ‘intracellular organelle part’ %]

ieesniisn

Class expression editor Object restriction creator Class hierarchy ]

organ

@'organelle part’

Cancel

You can also use the class hierarchy tab here to search, browse and select the appropriate class.

28 Chapter 4. Class description view
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|18 00 'intracellular organelle part'

|_ 4 Class expression editor Object restriction creator Class hierarchy
[te] | 3]

v @©Thing
v ©cellular_component
Dcell

» @'cell part'
v DIGEGEILE
Bmbrmeallilae svmamallal

>
> .,http:,.f,.fpurl_nhnlihrar'l,r.nrg,.fnhn,.fGD_EID43226

mm—vr!mpwrl—
» @'non-membrane-bounded organelle’
» ©'organelle part'

| Cancel | [ 0K ]

The ‘intracellular organelle part’ class will now have two parents asserted in the class hierarchy. You will also be able
to see both parents in the class description view.

29
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8600 hromosome-parts (http://purl. y-org/obo/test/chromosome-parts.owl) - [/Users/jupp/Documents/teaching/CO _tutorial/tutorial/basi

~subclass/chromosome-parts.owl]

El = [ @ chromosome-parts (http://purl.obolibrary.org/obo/test/chromosome-parts.owl) :J :: =Y )
[ Active Onmlogm Classes | Object Properties = Data Properties | Individuals =~ SKOS view = DL Query OPPL  OPPL Patterns |
Slasalhierrohyalllntracellulorgarell slhart el Annotations: 'intracellular organelle part' DEEE
v @Thing iti
v ®cellular_component i
Ocell po “A constituent part of an intracellular organelle, an organized structure of distinctive morphology and
» ®'cell part' function, eccurring within the cell. Includes constituent parts of the nucleus, mitochondria, plastids,
cell pal vacuoles, vesicles, ribosomes and the cytoskeleton but excludes the plasma membrane."sAstring
v Oorganelle
[ © 'intracellular organelle part [ERelamrarren
» @'intracellular organelle' ‘cellular_component'AAstring

» ©'non-membrane-bounded organelle'

id
v @'organelle part' “GO:0044446" Astring
[ @ 'intracellular organelle part =
in_subset
4 gosubset_prok
label

“intracellular organelle part'A~string

@ organelle

Inherited anonymous classes

Members

Keys

Disjoint classes
Object property hierarchy Data property hierarchy Individuals by type >

Disjeint union of

T =

» mmtopObjectProperty

To use the reasoner click Reasoner-=>Start reasoner [2] Show Inferences
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CHAPTER B

Protégé plugins

Protégé is built on a plugin architecture. There is an activity community of developers writing plugin extensions to
Protégé. There is a plugin library in Protégé that allows you to pick and install plugins. You may also find plugins
elsewhere on the web that must be installed manually.

You can find the plugin library in the Protégé preferences. Select the check for downloads button to see the list of
available plugins.

e chromosome-parts (http: //purl.obolibrary.org /oboj test/ chromosome-parts.owl) - [/Users/jupp/Documents /teaching/GO_tutorial/ ~subclass/c pi im.owl]
[<]=] (¢ parts (hitp:// purl.obolibrary. parts.owl) i @
JYESVACTe Entities | Classes | Object Properties | Data Properties | Individuals | SKOSview | DL Query | OPPL | OPPLPatterns
B onolow metrics |
o

has_obo_format_version
“1.2"Anstring

DL Expressivity.
- Preferences

owiviz NETETEN Reasoner

[« General | NewEntities | New Ontologies Renderer | Save | Tree preferences |

Auto update

- 00 Automatic Update .
() Automatically check for plugin upd:
[ Check for updates now |
— inst... Name Currentversi... Available version
Plugin reglstry - ) [Browser View (OWLDoO 12.1
(] Pellet Reasoner Plug-in 220
This is the location P4 will check to see () RacerProTG Reasoner 118
[hrttp:/fsmi-protege.stanford.edu B (] OwLlink HTTPXML Reasoner 0.7.0
smi- protege.stanford.edu//prot =
p://smi-proteg /protg () owL2Query Plugin 0.1.0
o () owwpif 0Ls
[ Check for downloads now | = ! x
————— () 'sADI service plugin 12.1
(] Code Generation Plugin 1.0.0.2011_07_13_0. B
Plugin info -
Author B
License B
=L
Dt impors |
Indirect mports
(1] Always check for updates on startup.
(ot |

To use the reasoner click Reasoner->Start reasoner (V] Show Inferences
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Install the Annotation Search View and the Existential tree view

Annotation search plugin

Most plugins are either tabs, panels or menu items. The annotations search plugin provides a new panel that can be
used to search through OWL annotations (such as labels and definitions). Tabs and panels can be found in the Window
menu. Under Window -> Views -> Misc views -> annotation search. Once selected you can choose to drop this panel
over any existing panel in Protégé. We recommend that you drop this panel to the right of the class hierarchy view, on
top of the existing annotation view panel.

Launcher File Edit View Reasoner Tools Refactor SKOSEd [ITLEET Help

0o T ST e ye— e
| (1= | [ chromosome-parts (tp://purl.obolibrary.org/ obojtest/chromosome-parts.ow) | =~ Class views > ) [ (@
Create new tab... Data property views »
[ Active Ontology | Delete custom tabs... Datatype views. » | DLQuery OPPL  OPPL Patterns |
Import tab... Individual views O e —
T v ieeo | o e cant .. B Acon amoations
R oo o e ——
(% e )] Reset selected tab to default state Ontology views > Query
SKOREd view: T —
v ®Thing Increase font size #= 7’”_'7'%7 Selected entity
v ©cellular_component Decrease font size F * o I —
cell ‘part_of
» ®'cell part’ Timestamp log / console
» ®organelle
[ 9 'organelle part’ Look & Feel »
Refresh User Interface
Inverse functional
™ Transitive
o
Symmetric
Asymmetric Super properties
Reflexive Inver operties
Irreflexive

You can use the annotation search panel to search through all annotation, or restrict it to individual annotations, such
as the label. The annotation view also supports regular expression queries.
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CHAPTER O

Disjointness

[the instructors will describe the concept of disjoint classes here]

At the top of our class hierarchy we have cell, cell part, organelle and organelle part. By default OWL assumes that
these classes can overlap, i.e. there are individuals who can be instances of more than one of these classes. We want
to create a restriction on our ontology that states these classes are different and that no individual can be a member of
more than one of these classes. We can say this in OWL by creating a disjoint classes axiom.

We want to assert that organelle and ‘organelle part’ are disjoint. To do this first select the cell class. In the class
description view select the + button next to disjoints. You can use CTRL to select multiple classes.
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'® © ® bad-chromosome (http://purl.obolibrary.org/ebo/owl-tutorial/bad-chromosome.owl) : [/Users/vasilevs/git/protege-tutorial/basic-disjoint/bad-chromosome.owl] |

< > @ bad-chromosome (http://purl.obolibrary.org/obo/owl-tutorial /bad-chromosome.owl) Search... A
Active Ontology x | Entities x | Individuals by class x| DL Query x|
Class hierarchy: chromosome pisiol=l @ chromosome — GO:0005694 — http://purl.obolibrary.org/obo/GO_0005694

Asserted ‘Class Annotations | Class Usage |
v ® owl:Thing

v @ cellular_component Annotations

@ cell )
» O cell part' rdfs:label  [type: xsd:string]
» & 'cytoplasmic part' chromosome
v & 'intracellular part'
@ cytoplasm id [type: xsd:string]
¥ © cytoplasmic part’ G0:0005694
¥ © 'mitochondrial part'

@ chromosome has_obo_namespace [type: xsd:string]
@ mitochondrion

» @ 'intracellular organelle’
» @ "intracellular organelle part' definition  [type: xsd:string]

» & 'membrane part'
v & 'mitochondrial part'

@ chromosome

database_cross_reference type: xsd:string]

v £ 'nuclear part'
ISBN:0198547684

» @ organelle

» © 'organelle part' Description: chromosome nEEE

£ 'plasma membrane part’ T T T T T
@ cellular_component

and (part_of some mitochondrion)
® part_of some nucleus

@ cellular_component
and (part_of some nucleus)

@ part_of some cell

@ cellular_component
and (part_of some cell)

cellular_component

A structure composed of a very long molecule of DNA and associated proteins (e.g. histones)
that carries hereditary information.

Instances
Targe
‘ Disjoint With

|Individuals by type | Annotation property hierarchy | Datatypes |
| Object property hierarchy Data property hierarchy Disjoint Union OF

Reasoner active Show Inferences
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chromosome-parts (http://purl.obolibrary.org/obo/test/chromosome-parts.owl) - [/Users/jupp/Documents/teaching/GO_tutorial/tutorial /basic-subclass/chromosome-parts.owl]

El ® | | © chromosome-parts (http://purl.obolibrary.org/obo/test/chromosome-parts.owl) DN .Q ) A

[ Active Ontology Classes | Object Properties = Data Properties = Individuals | SKOS view = DL Query = OPPL = OPPL Patterns J

—ETTET= T

Class hierarchy (inferred) | Search Annotations | Class Usage

Manchester syntax rendering J
hierarchy: organelle MEEE

Annotations: organelle MEEE
oTh Annotations
v @Thing .
v ©cellular_component OO
®cell po “Organized structure of distinctive morphology and function. Includes the nucleus, mitochondria,
> ®'cell "t plastids, vacuoles, vesicles, ritosomes and the cytoskeleton, and prokaryotic structures such as
cel” pa and pirellul Excludes the plasma membrane."AAstring
[ @ ® organelle -
» ©'organelle part' id
"C0:0043226"MAstring
in_subset
4 gosubset_prok
database_cross_reference
"Wikipedia:Organelle"Astring
database_cross_reference
"NIF_Subcellular:sac1539965131"AAstring
hac nhn namacnara
n: groonalle
8,00 Il =
Equivalent cla:
Ea@m Expression editor
Su\:(\dfsses‘
@ cellular_ x
v ©Thing
nherted 2 + ®cellular_component
©cell
» ©'cell part'
Membe:
emeers G » @organelle
v anelle part!
Keys » @'intracellular organelle part'
i
Data property hierarchy Individuals by type > Disjoint uniofl
Object property hiera d
AR
» mmtopObjectProperty

Note that the directionality is irrelevant.

Reasoning and inconsistency checking

We have introduced a deliberate mistake into the ontology. We previously asserted that ‘intracellular organelle part’ is
a subclass of both ‘organelle part” and ‘organelle’. We have now added an axiom stating that ‘organelle’ and ‘organelle

part’ are all disjoint. We can use the reasoner to check the consistency of our ontology. The reasoner should detect our
contradiction.

Protégé comes with several reasoners, and more can be installed via the plugins mechanism (see plugins chapter).
Select a reasoner from the Reasoner menu (HermiT, Pellet or Fact++ will work). Once a reasoner is highlighted, select
“Start reasoner” from the menu.
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800

chromosome-parts (http://purl.obolibrary.org/obo/test
1

CERLL 00

/Documents/teaching/CO_tutorial/tutorial /basic-subclass/chromosome-parts.owl]

Start reasoner
Synchronize reasoner E

El % | | © chromosome-parts (http:// purl.obalibrary.org/obo/tes Explain inconsistent ontology | ) @ (q iy
! Configure ‘
| Active Onmlogm Classes is | Individuals | SKOSview DL Query OPPL OPPL Patterns |
CB 0.0

Class hierarchy Class hierarchy (inferred)

Search Annatatior  ELK 0.2.0

| ClassUsage  Manchester syntax rendering J

Class hierarchy: 'intracellular organelle part' FaCT++
v HermiT 1.3.5
- None
ing — -
v @cellular_component i‘f—"s"-"‘"'“l"“f .
®cell ‘cellular_component"AAstring
» O'cell part' definition
» Oorganelle “A constituent part of an intracellular organelle, an organized structure of distinctive morphology and
v ©'organelle ' function, occurring within the cell. Includes constituent parts of the nucleus, mitochondria, plastids,
A8 O 'intracellular organelle £ vacuoles, vesicles, ribosomes and the cytoskeleton but excludes the plasma membrane."AAstring
» @'chromosomal part’ id

"G0:0044446"Astring
label

“intracellular organelle part™sAstring
in_subset

# gosubset_prok

Equivalent classes

Superclasses
©'organelle part'
©organelle

Inherited anonymous classes

Members

Keys

A progress bar will indicate when classification is complete. The ‘intracellular organelle part’ class will have changed
to red indicating that the class is now unsatisfiable.
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Class hierarchy Class hierarchy (inferred) Search Annotations |

J'intracellular organelle

(%@ ]3]
v ©Thing
v ©cellular_component
Dcell
» ©'cell part'
v Dorganelle
» @'intracellular organelle part'
v @'intracellular organelle'
@ chromosome

» ©'non-membrane-bounded organelle’
v ©'organelle part'
L

v ®'chromosomal part'

@ 'DNA replication termination region'
® chromatin

® chromocenter

®'chromosome, centromeric region'
®'chromosome, telomeric region'

You can also see unsatisfiable classes using the “Class hierarchy (inferred)” panel next to the “Class hierarchy” panel.
(Note - in Protege 5.1, the toggle the “Asserted button” to switch to the inferred view.) Here you will a special class
called Nothing. When we previously said that all OWL classes are sublasses of OWL Thing. OWL Nothing is a
leaf class or bottom class of your ontology. Any classes that are deemed unsatisfiable by the reasoner are shown

as sublasses or equivalent to OWL Nothing. The “class hierarchy (inferred)” view will show you all subclasses of
Nothing.
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® 00 chromosome-parts (http://purl.obolibrary.org/obo/test/chromosome-parts.owl) - [/Users/jupp/Documents /teaching/GO_tutorial /tutorial/basic-subclass/chromosome-parts.owl] t
El | | © chromosome-parts (http://purl.obolibrary.org/obo/test/chromosome- parts.owl) DRE: B} YA
[ Active Onmlcm Classes | Object Properties | Data Properties | Individuals =~ SKOS view = DL Query | OPPL | OPPL Patterns |

Class hierarchy Search Annotations Class Usage Manchester syntax rendering J

Class hierarchy (inferred): 'intracellular organelle part’ BrTsEHoTSl e e e I IEEE
M :Tglngthing Annotations

@®'DNA replication termination region' has_obo_namespace

@ chromatin “cellular_component"AAstring

@ chromocenter definition

®'chromosomal part'

®chromosome “A constituent part of an intracellular organelle, an organized structure of distinctive morphology and

®'chromosome, centromeric region' function, occurring within the cell. Includes constituent parts of the nucleus, mitochondria, plastids,

@ 'chromosome, telomeric rggiun' vacuoles, vesicles, ribosomes and the cytoskeleton but excludes the plasma membrane."sAstring

@'intracellular nrianelle' id
“GO:0044446"AAstring

¥ ©cellular_component
Dcell

label
» ©'cell part' “intracellular organelle part"Astring
» @organelle in_subset
@'organelle part' & gosubset_prok

Description: "intracellular organelle

Equivalent classes

@ Nothing

Superclasses
©'organelle part'

@D organelle

@'intracellular part'

@ 'non-membrane-bounded organelle’
Ocell

@intracellular

Inherited anonymous classes

Object property hierarchy Data property hierarchy Indivicuals by type >

Once the ontology is classified inferred statements or axioms are shown in the various panels with a light yellow
shading. The class description for ‘intracellular organelle part’ should look something like the following screen shot.
You will see that the class has been asserted equivalent to the Nothing class. Inside this statement a small question
mark icon appears, clicking this will get an explanation from the reasoner for this inconsistency.

Description: 'intracellular organelle

Equivalent classes

@®Nothing

Superclasses

@'organelle part'

@ organelle

®'intracellular part'
@'non-membrane-bounded organelle'
Ocell

@intracellular

Inherited anonymaous classes

Select the ? icon to get an explanation for this inconsistency. The explanation shows the axioms involved. We see
the disjoint class axiom alongside the two subclass axioms are causing the inconsistency. We can simply repair this
ontology by removing the ‘intracellular organelle part’ subClassOf ‘organelle’ axiom.
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| 806 Explanation for 'intracellular organelle part' EquivalentTo Nothing

Axioms

@ DisjointClasses: cell, organelle, 'organelle part', 'cell part'
@'intracellular organelle part' SubClassOf 'organelle part'
@'intracellular organelle part' SubClassOf organelle

Remove the axiom, and resynchronise the reasoner from the reasoner menu.

EXERCISE: Basic Disjoint

Go to the basic-disjoint folder in the tutorial directory and follow the instructions in the README

6.2. EXERCISE: Basic Disjoint
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CHAPTER /

Making Ontologies from Spreadsheets and templates (Optional)

Go to the template-examples folder

Open “testl.csv” in Excel. This has a sample set of plant traits

L

Al .

n

Sfa | iri

iri

Wit~ wu S| wWNIC

DEMOTRAIT_0000002
DEMOTRAIT_0000003
DEMOTRAIT_0000004
DEMOTRAIT_0000005
DEMOTRAIT_0000007
DEMOTRAIT_0000008
DEMOTRAIT_0000009
DEMOTRAIT_0000010
DEMOTRAIT_0000012
DEMOTRAIT_0000013
DEMOTRAIT_0000014
DEMOTRAIT_0000015
DEMOTRAIT_0000017
DEMOTRAIT_0000018
DEMOTRAIT_0000019
DEMOTRAIT_0000020
DEMOTRAIT_0000022
DEMOTRAIT_0000023
DEMOTRAIT_0000024
DEMOTRAIT_0000025

!]Iabel

seed morphology
seed shape

seed size

seed weight
morphology

shape

size

weight

leaf morphology
leaf shape

leaf size

leaf weight

flower morphology
flower shape
flower size

flower weight
perianth morphology
perianth shape
perianth size
perianth weight

C
entity
PO_0009010
PO_0009010
PO_0009010
PO_0009010
PO_0009011
PO_0009011
PO_0009011
PO_0009011
PO_0009025
PO_0009025
PO_0009025
PO_0009025
PO_0009046
PO_0009046
PO_0009046
PO_0009046
PO_0009058
PO_0009058
PO_0009058
PO_0009058

If you have python installed, you can convert this to OWL:

D
entity label
seed
seed
seed
seed

plant structure
plant structure
plant structure
plant structure
vascular leaf
vascular leaf
vascular leaf
vascular leaf
flower

flower

flower

flower
perianth
perianth
perianth
perianth

Japply-pattern.py -p simple_measurable.yaml —i testl.csv &gt; testl.owl

Otherwise, just use the existing “testl.owl” file in the directory.

quality

PATO_0000051
PATO_0000052
PATO_0000117
PATO_0000128
PATO_0000051
PATO_0000052
PATO_0000117
PATO_0000128
PATO_0000051
PATO_0000052
PATO_0000117
PATO_0000128
PATO_0000051
PATO_0000052
PATO_0000117
PATO_0000128
PATO_0000051
PATO_0000052
PATO_0000117
PATO_0000128

F G
quality label
morphology
shape
size
weight
morphology
shape
size
weight
morphology
shape
size
weight
morphology
shape
size
weight
morphology
shape
size
weight

Open this in Protégé and look under plant trait. You should see a flat list of terms. You can navigate to one and look
at the description tab. As you can see, the values from the spreadsheet have been slotted in as specific object property
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restrictions:

Active Ontology x| Entities x| Classes x| Object Properties x| Annotation Properties x| Individuals by class x\ DL Query x

Class hierarchy | Class hierarchy (inferred) ‘ { Usage | Image depictions | Search Annotations
Class hierarchy: 'vascular leaf shape' mEEE § Annotations: 'vascular leaf shape'
AR
Annotatons
v ©Thing label

> @'plant anatomical entity'
» @ 'plant structure development stage'
v @'plant trait'
© 'flower morphology"
© 'flower shape'
S 'flower size'
© 'flower weight'
© 'perianth morphology'
© 'perianth shape'
© 'perianth size'
© 'perianth weight'
©'plant structure morphology’
©'plant structure shape’
©'plant structure size'
©'plant structure weight'
©'seed morphology'
©'seed shape'
©'seed size'
©'seed weight'
© 'vascular leaf morphology'
©'vascular leaf size'
©'vascular leaf weight'
» @ quality
| 2.00-main-shootonly
O 3-rapid-growth-stage'

01502 20% of infl ged

vascular leaf shape

IAO_0000115
Any shape trait that occurs in a vascular leaf.

‘ Description | OBO Graph View Component
Description: 'vascular leaf shape'

Equivalent To

@ 'plant trait’
and (‘occurs in' some 'vascular leaf")
and (affects_quality some shape)

SubClass Of

Next, turn on the reasoner. You will see superclasses show up in yellow. These are inferred superclasses.

‘ Description | OBO Graph View Component |

Description: 'vascular leaf shape'

Equivalent To

@ 'plant trait'

and ('occurs in' some 'vascular leaf’)

and (affects_quality some shape)

SubClass Of
& 'plant structure shape'
& 'vascular leaf morphology'

Navigate to “Class hierarchy (inferred)”
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Active Ontology ><| Entities ><| Classes ><| Object Properties x| Annotation Properties ><| Individi

Class hierarchy | Class hierarchy (inferred) | {

lass hierarchy (inferred): 'vascular leaf sha mEE: |

v @ Thing
» ©'plant anatomical entity'
» @ 'plant structure development stage'
v O 'plant trait’'
v & 'plant structure morphology’
v & 'flower morphology’
» & 'flower shape'
» & 'flower size'
v & 'perianth morphology'
& 'perianth shape'
& 'perianth size'
v & 'plant structure shape'
v & 'flower shape'
= 'perianth shape'
& 'seed shape'
& 'vascular leaf shape'
» & 'plant structure size'
v & 'seed morphology'
& 'seed shape'
= 'seed size' {
v &'vascular leaf morphology’ |
& 'vascular leaf size'
» & 'plant structure weight'
» @ quality
0 2.00-mainsheotonly
- Brapid-arewth-stage’

You will see the entire polyhierarchy is inferred automatically
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CHAPTER 8

Object properties

At this point load: chromosome-parts-interim.owl form the tutorial directory ‘basic-restriction’

We will now create an object property and use this to add some restriction onto classes. In OWL properties are used
to assert relationships between individuals (or instance). Properties in OWL can have characteristics such as being
transitive or symmetric. We can assert additional information about properties such their domain and range, along
with defining inverse properties.

Create an object property

We will use the object property view circled below to create a part_of property. In OWL all properties are a sub
property of topObjectProperty.
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eoo s — ’ ’ ’ —— R—

[<a]® | [(@ chromosome-parts (http://purl.obolibrary.org/obo/ test /chromosome-parts.owl) i @ (Q

[ Active Ontology Classes | Object Properties |_Data Properties | Individuals | SKOSview | DL Query | OPPL | _OPPL Patterns |

D s ey s | Search Amnoraions EDETT s v | s s v |
Class hierarchy: 'chromosomal part ML
Aratons
+ © callular_component (definidon
F e “Any constituent part of a chromosome, a structure composed of a very long molecule of DNA and associated proteins (e.g. histones) that
v @cell part’ carries hereditary information."AAstring

intracellular lhas_exact_synonym
intracellular part' “chromosomal component’AAstring
e

has_exact_synonym

‘intracellular organelle | “chromosome component'AAstring
'non-membrane-bounded organelle

janelle part' has_exact_synonym

tracellalar organelle part “chromosome partAstring
B4 6 chromosomal part has_obo_namespace
©'DNA replication termination region’ “cellular_componentAsiring
©chromatin :
© chromocenter M c00saa27mAnct
©'chromosome, centromeric region' g

©'chromosome, telomeric region' in_subset
4 gosubset_prok
label
“chromosomal partAAstring

Description: 'chromosomal part" MEEE
Equalent csses
Supercasses
@' organelle part'
Iherited snonymous lasses
LRSI ETET  Data property hierarchy  Individuals by type | Annotation property hierarchy | Datatypes
£ Members.
A= X
m=topObjectProperty Keys

Disjoint classes

Disjoint union of

N

Select the “add sub property button” circled below and name the property part_of.

To use the reasoner click Reasoner->Start reasoner (¥ Show Inferences.

Object property hierarchy Data property hierarchy Individuals by type Annotation property hierarchy Datatypes J

Object property hierarchy: topObjectProperty

topOkjectProperty]

8 .00 Create a new OWLObjectProperty

Please enter an object property name

| part_of

[ | Ignore entity creation preferences

[ cancel | [ oK ]

We can use the property description view shown below to make assertions about this property. We want to state that the
part_of property has the characteristic of being transitive. If a property is transitive, and the property relates individual
a to individual b, and also individual b to individual c, then we can infer that individual a is related to individual c
via property P. A good example of a transitive property is the geneological ‘ancestor of” relationship. We can make a
property transitive in Protege by simply selecting the transitive check box.
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Characteristics: part IEEE il Description: part_of MEEE

Domains (intersection)

|| Inverse functional Ranges lintersection)

@ Transitive
. Equivalent object properties
|| Symmetric

Super properties

|| Reflexive

Inverse properties

| Irreflexive
Disjoint properties

Property chains

To use the reasoner click Reasoner->5Start reasoner [E Show Inferences
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CHAPTER 9

OWL class restrictions

As previously stated, in OWL we use object property to describe binary relationships between two individuals (or
instances). We can also use the properties to describe new classes (or sets of individuals) using restrictions. A
restriction describes a class of individuals based on the relationships that members of the class participate in. In other
words a restriction is a kind of class, in the same way that a named class is a kind of class.

For example, we can use a named class to capture all the individuals that are chromosome parts. But we could also
describe the class of chromosome parts as all the instances that are ‘part of” a chromosome.

In OWL there are three main types of restrictions that can be placed on classes. These are quantifier restriction,
cardinality restrictions and hasValue restriction. In this tutorial will initially focus on quantifier restrictions.

Quantifier restriction are further categorised into two types, the existential and the universal restriction.

« Existential restrictions describe classes of individuals that participate in at least one relationship along a spec-
ified property to individuals that are members of a specified class. For example, “the class of individuals that
have at least one (some) ‘part of relationship to members of the ‘Chromosome class”. In Protégé 4 the keyword
‘some’ is used to denote existential restrictions.

* Universal restrictions describe classes of individuals that for a given property only have relationships along this
property to individuals that are members of a specified class. For example, we can say a cellular component is
capable of many functions using the existential quantifier, however, OWL semantics assume that there could be
more. We can use the universal quantifier to add closure to the existential. That is we can assert that a cellular
component is capable of these function, and is only capable of those function and no other. Another example is
that the process of hair growth is found only in instances of the class Mammalia. In Protégé the keyword “only”
is used.

In this tutorial we will deal exclusively with the existential (some) quantifier. Note that in OBO-Format, all relation-
ships are implicitly existentially qualified.

Superclass restrictions

In OBO-Edit you will be familiar with creating relationships between classes. Strictly speaking in OWL you don’t
make relationships between classes, however, using OWL restrictions we essentially achieve the same thing.
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We want to capture the knowledge that the named class ‘organelle part’ is part of an organelle. In OWL speak, we
want to say that every instance of an ‘organelle part’ is also an instance of the class of things that have at least one
‘part of” relationship to an ‘organelle’. In OWL we do this by creating an existential restriction on the ‘organelle part’
class.

Select ‘organelle part’ in the class hierarchy and look at it’s current class description. At the top of this view there
are two slots for defining equivalent classes and superclasses. ‘organelle part’ already has one superclass named
cellular_component.

[-XaXs) parts (http://purl.obolibi rts.owl) — 5 g 0. i T raR———" —— il

[<]® | [ chromosome-parts (http://purl.obolibrary .org/obo/test/chromosome-parts .owl) BN ECY

[ Active Ontology [WEITSH| Classes | Object Properties | Data Properties | Individuals | SKOS view | DL Query OPPL _OPPL Pattems |

(EETETE Class hierarchy Ginferred) | Search Annotations |

Class hierarchy: 'organelle part' [CECE

(T Class Usage | Manchester synax endering |

Annotations: 'organelle part' LECE]
= Annotations
< @ cellutar_component definition
Ocell - “Any constituent part of an organelle, an organized structure of distinctive morphology and function. Includes constituent parts of the nucleus,
v ®'cell part’ mitochondria, plastids, vacuoles, vesicles, ribosomes and the cytoskeleton, but excludes the plasma membrane."AAstring

©intracellular
> ®intracellular part’
v ®organelle
> ®intracellular organelle’
© 'non-membrane-bounded organelle'

racellular organelle part’

v ®'chromosomal part'

'DNA replication termination region'
© chromatin

has_obo_namespace
“cellular_component™sAstring

"G0:0044422"AAstring
in_subset
# gosubset prok

label
“organelle part'Astring

® chromocenter
® chromosome, centromeric region'
®'chromosome, telomeric region'

cellular_component

Inherited anonymous classes

Data property herarchy | Indiduals by type | Annotation property hierarchy | Datatypes |

Members

Keys

Disjoint classes

®organelle

Disjoint union of

To use the reasoner click Reasoner->Start reasoner (¥ Show Inferences

We will create a restriction on ‘organelle part’ stating ‘organelle part’ has a ‘part of ’ relationship to some ‘organelle’.
Select the + icon next to the superclasses slot. We will define this anonymous superclass in Manchester OWL syntax
as

‘part of” some ‘organelle’.
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Description: 'organelle part’ MEEE

Equivalent classes

800 ‘organelle part' |

Class expression editor Data restriction creator Class hierarchy > ]

@ cellular_compol

part_of some organell

Inherited anonymous clas
@'organelle part'
Members

Keys

Disjoint classes

@ organelle

Disjoint union of

Cancel OK

To use the reasoner click Reasoner-=>5tart reasoner [QI Show Inferences

The class restriction will be shown in the superclasses slot as follows.

Description: 'organelle part’ MEEE
Equivalent classes

Superclasses '

@ cellular_component
@ part_of some organelle

Inherited anonymous classes
Members
Keys

Disjoint classes

@ organelle

Disjoint union of

T R T L e e | S R L e [ B T,

Using Protégé create some of your own part_of restriction the ‘cell part’, ‘intracellular part’ and ‘chromosomal part’
classes.
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[the instructors may elucidate more on the nature of these class restrictions here]

NOTE: After each edit to the ontology you might want to synchronize the reasoner to make sure you didn’t introduce
any inconsistencies into your ontology.

Existential tree plugin

The class hierarchy view in protégé shows subclass/superclass[2] relationships between classes. The default class
hierarchy view is restricted to showing strict is-a, or sub/super class relationships. The existential tree is an alternate
class hierarchy view that organise classes into hierarchies based on existential restriction. For example, viewing a
partonomy along the ‘part of” existential restriction.

The existential tree view can be found under Window -> Views -> Existential Tree

i Launcher File Edit View Reasoner Tools Refactor SkoSEd JWIGEET Help
806 st ) Annotation property views _» U/ ool
[<]=»] [@d parts (http:/ /purl.obolibrary. arsow) |00 X Annotations 1w @
Create new tab... Data property views > Class hierarchy |
[ Active Ontology IE]  Delete custom tabs... Datatype views > Class hierarchy (inferred)
\mport tab... Individual views > Description
(ST s hierarchy nferred) | Search Amotations | Export current tab... Misc views ) g Existential tree T
Class hierarchy: 'organelle par. Store current layout Object property views > Existential tree (reversed)
Reset selected tab to default state Ontology views > General class axioms |
SKOSEd views > OWLViz 1 O regexp - +
9 Increase font size B — | OntoGraf =D
v .c;lluluar_cumpnnam Decrease font size 8- Outline tree
cel "
> ®'cell part’ Timestamp log / console on termination region’ g;:'e':‘:s"ee (text)
v ®organelle .
» ©'intracellular organelle' Look & Feel > Superclass h!emrchv X
» ©'non-membrane-bounded organelle' Superclass hierarchy (inferred)
v b Refresh User Interface Usage
v ©'intracellular organelle part' s obo_ T “cellular_ "AAstring
» ®'chromosomal part'
000 parts (http://purl.obolibrary. parts.ow) - [/ Users/jup, ing/GO_tutori i parts-interim.owi]
[<]=] [ parts (http://purl.obolibrary. —parts.owl) BREECY
[ Active Ontology JWERSEEN| Classes | Object Properties | _Data Properties _Individuals | SKOS view | DL Query | OPPL | _OPPL Patterns |
(SR e errcy ey | earch Aotaons [ Class Amnotations | Class Usage | Manchester syntax rendering
Class hierarchy: 'organelle part' DEEE -
% =l [cell |0 -+
v ®Thing [ regexp
v ®cellular_component results (17)
Ocell
> @'cell part' ©'DNA replication termination region’
v ®organelle
> @'intracellular organelle' v
»_©'non-membrane-bounded organelle'
v p
intracellular organelle part' has_obo_namespace "cellular_component"AAstring
©'chromosomal part'
v Ocell
label "cell"Astring
0000115 “Any a cellthe basic structural and functional unit o all organisms "%

v ®'cll part’
definition "Anv constituent nart of a cell. the hasic structural and functional unit of all oraanisms."AAstrina

[ Class description TR Existential tree (reversech |

©organelle

st propenyhirarchy | individial by e | Annotation popery irarchy | Datatypes |
Object propert part_of LECE]
[=1=]

v -mioh'e(leperly

To use the reasoner click Reasoner->Start reasoner (¥ Show Inferences

Select the part of property to render your partonomy in the existential tree panel.
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EXERCISE: Basic Restrictions

Stay in the “basic-restriction” folder in the tutorial directory and follow the instructions in the README.txt
The instructors may demonstrate some of the additional options for navigating the ontology at this point:
* Existential Tree Plugin

¢ OntoGraf

9.3. EXERCISE: Basic Restrictions 53
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DL query tab

The DL query tab shown below provides an interface for querying and searching an ontology. The ontology must be
classified by a reasoner before it can be queried in the DL query tab.

Go to the “basic-dl-query” folder and open “cc.owl”. Navigate to the DL Query tab.

e0e®

v
v

<

go (http://purl.obolibrary.org/obo/go.owl) : [/Users/cjm/repos/protege-tutorial/basic-dl-query/cc.owl]

> @ go (http://purl.obolibrary.org/obo/go.owl)

Asserted |

owl:Thing

Yvyvy

Y Y Y YYVYYVYYVYYVYVYYVYYYYYYVYVYYVYVYYVYYVYVYVY

cellular_component

'axon part'

'axoneme part'
'bacterial-type flagellum part'
cell

'cell cortex part'
'cell division site part'
‘cell junction'

‘cell part'

'cell projection part’
'cell septum part'
'cell wall part’
'chloroplast part'
'chromosomal part’
'cilium part'
'collagen and cuticulin-based cuticle ext
'contractile fiber part'

'cytoplasmic part'

'cytoplasmic vesicle part'

'cytoskeletal part'

'cytosolic part'

‘endoplasmic reticulum part'
'endosomal part'

'external encapsulating structure part'
'extracellular matrix part'
‘extracellular region'

‘extracellular region part'

'flagellum part'

'Golgi apparatus part'

'host cell part'

'intracellular part’

'macromolecular complex'

'membrane part'

'membrane-enclosed lumen'
'microbody part'

. P

Active Ontology x Entities x Individuals by class x DL Query x

DL Query | Snap SPARQL Query

& | Search...

Query (class expression)

Execute Add to ontology

Query results

Query for
Direct superclasses
Superclasses
Equivalent classes
Direct subclasses
Subclasses

Instances

Result filters

Name contains

Display owl:Thing

(in superclass results)

Display owl:Nothing

(in subclass results)

Type “organelle” into the box, and make sure “subclasses” and “descendent classes” are ticked. “subclasses” is the
direct subclasses calculated by the reasoner (which may often but not always be the same as the asserted subclasses).
“descendants” is all subclasses.

55


https://github.com/geneontology/protege-tutorial/tree/master/basic-dl-query

protege-tutorial Documentation, Release 0.5

OWLViz

DL Query  OntoGraf |

[ Active Ontology = Entities  Classes | Object Properties Data Properties Individuals
Query:

n=E=g

Query (class expression)

organelle

( Execute ) ( Add to ontology )

Query results

Sub classes (5}
©'extracellular organelle’
@'intracellular organelle'

Y b bounded organelle’
@'non b h jed organelle’
@ vesicle

Descendant classes (281]
©'acrosomal vesicle'
@'actin cytoskeleton'
©'aleurone grain'
©'alveolar lamellar body'
©'antipodal cell nucleus'
@'attachment organelle'
©'autophagic vacuole’
©'azurophil granule'
©'bacterial nucleoid"
©'bacterial-type flagellum'

ah A i, g

In general for GO you should never need the “individuals” box ticked.

[_] Super classes

D ] Ancestor classes
[_] Equivalent classes
E Subclasses

M Descendant classes

] Individuals

You can type any valid OWL class expression into the DL query tab. For example, to find all classes whose members

are part_of a membrane, type “part_of some membrane”.

Active Ontology | Entities | Classes | Object Properties | Data Properties | Individuzls | OWLViz | DL Query | OntoGref |

= [l Que [

Query (class expression)

part_of some membrane

Execute ) (_Add to ontology
Query results

Sub lasses (1 6

&'membrane part'

Descendant classes 633

3-beta-D-glucan synthase complex’
lipoxygenase complex’

tylcholine-gated channel complex'
®'activin receptor complex’
(@alpha-amino-3-hydroxy-5-methyl-4-i
®'alpha-beta T cell receptor complex’
®'alphal-betal integrin complex'
®'alphal-betal integrin-alpha3(Vl) complex'
@ 'alphal-betal integrin-tissue transglutaminase complex’

@ alphal-betal integrin-tyrosine-protei ptor type 2 complex'
®'alphal0-betal integrin complex'

®'alphalL-betal integrin complex'

®'alphalL-betal integrin-collagen type | complex’

ic acid selective glutamate receptor complex’

(] Super classes

) Ancestor classes
(] Equivalent classes
¥ Subclasses

¥ Descendant classes

O Individuals

The OWL keyword “and” can be used to make a class expression that is the intersection of two class expressions. For
example, to find the classes in the red area below, we want to find subclasses of the intersection of the class ‘organelle’

and the class ‘endoplasmic reticulum part’
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organelles

ctive Ontology  Entities  Classes | Object Properties  Data Properties | Individuals | OWLViz OntoGraf |

~Query (class expression)
organelle and 'endoplasmic reticulum part'
(Execute ) (_ Add to ontology )
~Query results
Sub classes (1} [ Super cl
@'l d | endoplasmic reticulum' -] ] Ancestc
Descendant classes (1) D iy
@'l 0 | endoplasmic reticulum’ ] ¥ Subclas
M Descent
] Individu

Note that we do not need to use the “part” grouping classes in GO. The same results can be obtained by querying for
the intersection of the class “organelle” and the restriction “part_of some ER” — try this and see. We can also ask for
superclasses by ticking the boxes above:




protege-tutorial Documentation, Release 0.5

Active Ontology | Entities = Classes | Object Properties =~ Data Properties | | OWLViz = DL 1 On[ocraf]

[ Query (class expression;

organelle and part_of some 'endoplasmic reticulum’

( Execute ) ( Add to ontology )

[ Query results

Ancestor classes (%)

E Super classes

©'organelle part'

©'cell part' ¥ Ancestor classes
S'cytopl ic part’ [} Equivalent classes
©'endoplasmic reticulum part’ ™ subclasses
@'intracellular organelle part' o P —
©'intracellular part’ o

©cellular_component

@organelle

®Thing

Super classes (2)

|&'endoplasmic reticulum part’

S O 990000

|@organelle

Sub classes (1)

|@'plasmodesmatal endoplasmic reticulum'

Descendant classes (1)

|@'pl d tal endoplasmic reticulum' -]

The ‘or’ keyword is to used to create a class expression that is the union of two class expressions. For example:

ive Ontology = Entities = Classes | Object Properties | Data Properties | Individuals = OWLViz DL ! Ontocraf]

Query (class expression)

nucleus or part_of some nucleus

( Execute ) ( Add to ontology )

Query results

Sub classes (2)

[l Super classes.

|©'nuclear part'

=

[ Ancestor class:

[@nudeus (] Equivalent clas
Descendant classes (432) # Subclasses
©'5-lipoxygenase complex' ¥ Descendant cla
©'ACF complex' [ Individuals

@ 'activator ecdysone receptor complex'

@'activin responsive factor complex'

©'Ada2/Gen5/Ada3 transcription activator complex’

®'alpha DNA polymerase:primase complex'

®'anaphase-promoting complex'

®'antipodal cell nucleus'

©'AP1 complex'

@ 'apolipoprotein B mRNA editing enzyme complex'

©'ARC complex’'

@©'ASTRA comblex’

2900 0ePoCo0e PO

This is illustrated by the red area in the following Venn diagram:
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EXERCISE: Basic DL Queries

Go to the basic-dl-query folder in the tutorial directory and follow the instructions in the README.txt

10.1. EXERCISE: Basic DL Queries 59
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Equivalent classes

The previous example showed the creation of a class restriction. These restrictions were asserted as superclass restric-
tions, and are sometimes known as necessary conditions. That is, if an individual is a member of the ‘cell part’ then it
is necessary for it to also be related to a ‘cell’ along the ‘part of” property.
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cell_part subClassOf part_of some cell

/" Things that are % cells s 9
part of some cell N\ ¥ 4 -~ %

" Named
cell parts

Necessary conditions alone mean that individuals can exist that are part of a cell, but are not a type of ‘cell part’. In
OWL we can make an even stronger statement and define the ‘cell part’ class as being equivalent to ‘part of” some
cell. This is known as a necessary and sufficient condition.
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cell_part equivalentTo part_of some cell

-~
Things that are
part of some cell

I\ | Named
cell parts

In Protégé we can create an equivalent class restriction inside the “Equivalent class’ slot of the class description view.
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Description: 'cell part' ul=los|

Equivalent classes

@ cellular_component
and (part_of some cell)

Superclasses
@ cellular_component
@ part_of some cell

Inherited anonymous classes

Members .

Keys

Disjoint classes

Disjoint unicn of
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Automatic classification

EXERCISE: Basic classification

Go to the basic-classification folder and follow the instructions in the README.txt

EXERCISE: Classification using Unions (Optional)

Optional additional exercise if time permits:
Go to taxon-union folder

This introduces classification using “or” and “not”

Futher reading

owl primer - advanced class relationships
Introduction to property axioms
Property heirarchy:

Navigate to ‘occurs in’ (object property tab) in Protege to see this.

Excercise:

* make a git branch of the go-ontology repo

* open go-edit.obo in Protege
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* GO has the class ‘regulation of cvt pathway’

» Create a new class, using the same pattern, for ‘negative regulation of cvt pathway’ (Hint - you can use duplicate
to do this, editing the newly created class).

* Run the reasoner. Do you understand the inferred classifications? (Use the explanation plugin to check).

Property chains:

Navigate to ‘occurs in’ (object property tab) in Protege to see this.

EXERCISE: transport & property chains

Go to the transport property chain exercise folder and follow the instructions in the README
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cHAPTER 13

Imports

OWL ontologies may import one or more other OWL ontologies. Ontology imports are managed using the ontology
URI (or IRI). Protégé allows you to import ontologies from both the web and your local files system. The imports
panel is found in the Active Ontology tab by default.
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800 parts (http://purl.obolibrary.org/obojtest/d parts.owl) - [/Users [jupp/Documents/teaching/GO_tutorial/tutorial /basi

belass parts.owl]
E & | | © chromosome-parts (http://purl.obolibrary.org/obo/test/chromosome-parts.owl) DN NG
VYTTACIEET Entities | Classes | Object Properties | Data Properties ivi SKOSview DL Query ~OPPL  OPPL Patterns |
Ontology annotations: [ECE] m:mmmmmn ]
Annotations
has_obo_format_version 1L Bty
“1.2"ARstring ES
Symbol key
Auributive language. This s the base language which allows
‘= Atomic negation (negation of concepts that do not appear on the left hand side of axioms)
AL: ® Concept intersection

# Universal restrictions
 Limited existential quatification (restrictions that only have fillers of Thing)

fﬁ* A sub-langauge of AL, which is obtained by disallowing atomic negation
A sub-language of FL", which is obtained by disallowing limited existential quanification
Complex concept negation
An abbreviation for AL and C with transitive properties
Role hierarchy (subproperties - rdfs:subPropertyf)
Nominals. (Enumerated classes or object value restrictions - owl:oneOf, owl:hasValue)
Inverse properties
Cardinality restrictions (owl:Cardinaliy, owi-minCardianity, owl:maxCardinality)
Qualified cardinality restrictions (available in OWL 1.1)

Functional properties

HOZNOR®O Y

TR e0all  OntoGraf Import View | Ontology Prefixes | General class axioms | RDF/XML rendering |

Imported ontologies: [EEE]

Direct Imports

Indirect Imports

Reasoner active ¥ Show Inferences

When a file is imported into an ontology, only the IRI of the imported ontology is stored. Protégé uses the IRI to try
and locate the imported ontology the next time you open the file in Protégé. Most OBO ontologies have an IRI that
will refer to document via a URL on the web e.g. the Gene Ontology IRI is http://purl.obolibrary.org/obo/go.owl[4].
Navigating to this URL in a web browser will retrieve the latest gene ontology. If your ontology imports an ontology

that does not resolve to a web URL, or you are not connected to the internet, then Protégé will prompt you to resolve
the ontology IRI to a file on your system.

Some examples of imports can be found in

http://wiki.geneontology.org/index.php/Ontology_extensions

EXERCISE: response to stimulus

Go to the response-to-stimulus directory and follow the README.txt

This example makes use of a small ontology called STIMO — the stimulus ontology.

68 Chapter 13. Imports


http://purl.obolibrary.org/obo/go.owl
http://wiki.geneontology.org/index.php/Ontology_extensions
https://github.com/geneontology/protege-tutorial/tree/master/response-to-stimulus

protege-tutorial Documentation, Release 0.5

18006 Import ontology wizard

Import type |

Please choose an option:

(*) Import an ontology contained in a specific file.
() Import an ontology contained in a document located on the web.
() Import an ontology that is already loaded in the workspace.

() Import an ontology that is contained in one of the ontology libraries.

Go Back | Continue | | Cancel |

Ontology libraries

Having to wait for Protégé to download ontologies from the web can be rather time consuming, so luckily Protégé has
a mechanism for you define ontology libraries that enable you to store mapping between ontology IRIs and files on
your filesystem. You can create edit your ontology library in the File > Edit ontology libraries... menu item.

13.2. Ontology libraries 69
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ege.osgi.framework.Launche View Reasoner Tools Refa KOSEd Window
(8 .00 | New... {+#N |/purl.obolibrary.org/obo/tes
(% ch - Open... #0 r—
{:: > | CNromosome-p< Open 'Frﬂm URL {}&EU BOMe-parts.owil)
Cpen recent B Entities = Cl:
Jave =
Ontology annotations: Sﬂ.\r‘e as... ﬁ‘&ES
Annotations Gather ontologies... 3G
has_obo_format_version | Export inferred axioms as ontology... [ DL E>
“1.2"AAstrin
i + Edit active ontology library... L - S
Edit ontology libraries...
Loaded ontology sources... Symk

Check for plugins...
Close BW

Ontology libraries are stored in a file on your system called catalog-001.xml. When you start working with Protégé
you will begin to notice many of these files cropping up on your file system. Chose a catalog-001.xml file to edit and
add ontology files to your library.
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AP B T T T T N P e N T

Ontology libraries

[ Ontology Repository from catalog file /Users/jupp/Documents /teaching/GO_tutorial /tutorial/basic-subclass/catalog-v00 1.xml
_" Folder Repository for /Users/jupp/Documents /teaching /GO_tutorial/tutorial/basic-subclass (Recursive)

800 -
pel e\ Tle s Folder Repository

Physical Location: I

Generate Import Suggestions ]

Import Declaration: v |
OK Cancel

Cancel ] [ OK

BRI - .| s s, s Amontons | Ciss Usae et s ederns TSI

R

. Al annotatons [call I
¥ Thing [cenl | B=sp
v ®cellular_component
Scell

(17)]
NA replication termination region’
has_obo_namespace "cellular_component®Anstring
Ocell
label “cell"AAstring
v ®'cll part'
definition "Any constituent part of a cell, the basic structural and functional unit of all organisms."AAstring

has_obo_namespace "cellular_component"Astring
label "cell part™AAstring
¥ ®cellular_component
comment "Note that, in addition to forming the root of the cellular component ontology, this term is recommended for use for the annotation of ger
database_cross_reference "NIF_Subcellular:sao1337158144"AAstring
definition "The part of a cell or its extracellular environment in which a gene product is located. A gene product may be located in one or more part
has_exact_synonym "cellular component*AAstring
has_narrow_synonym "cellular component unknown"AAstring
has_obo_namespace "cellular_component"Astring
label "cellular_component*AAstring
¥ ®chromatin
database_cross_reference "NIF_Subcellular:sao1615953555"AAstring
has_obo_namespace "cellular_component"Astring
v ®chromocenter
as_obo_namespace "cellular_component"AAstring
~ ®'chromosomal part’
has_obo_namespace "cellular_component"Astring
v ©chromosome
has obo namespace "cellular component"Astring

72 Chapter 14.



protege-tutorial Documentation, Release 0.5

Class description lmm Existential tree {reversed)

Exic-_nual tree: (all properue.} 'arganelle part'

Al ¥ 'organelle part

@organelle

v -toiob'!ectProperty

Catalog files

TODO

14.1. Catalog files 73
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