Introduction

Goals and plan of workshop

This workshop is intended to guide you through building an ontology in a biological area using the Protégé-OWL tools.  

Tutorial Objectives

In this tutorial by building a new ontology by re-using existing fragments of the Sequence Ontology, Gene Ontology and Cell Ontology you will:
· Iterate and empathise understanding statements in OWL

· Understanding relationships in OWL

· Various ontology design patterns for common modelling problems

· Normalising or untangling ontologies

· Exceptions

Also, covered in less detail are upper level ontologies and importing OWL ontologies.

Background and Motivation

In 1997 – 1999 no suitable domain ontologies existed, or if they did, they were very new and not widely adopted.  At this time, TAMBIS, a Transparent Access to Multiple Bioinformatics Information Sources used an ontology (TaO) to provide a global schema for heterogeneous distributed information sources.  Queries against the ontology were translated to queries against the resources such as SWISSPROT, ENZYME, BLAST, PROSITE etc.. TaO covered concepts what was in these resources, for example, Process, Function, Structure, Sequence, Cellular Component etc..
Now it is all different!  Sequence components are described in the Sequence Ontology (SO); cellular components are defined in the Gene Ontology Cellular Component aspect; cell types in the Cell type Ontology, and biological process in the GO’s Biological Process ontology. So, there is no point doing it yourself, you might as well import the ontologies and add the relationships.  That is what we are going to do today.
Information
Should you need to refer to any biological information in order to identify the relationships between classes in our ontology then the Wikipedia is helpful

http://www.wikipedia.org. 
Please start the following applications:

Protégé (version 3.2_beta)
Racer

These can be found on the start menu.

For this tutorial 8 OWL ontologies need to be imported:

· MOB

· OBR (Upper Level Ontology)

· CELL_EXTRACT (subset of CELL ontology)

· GO_CELLULAR_COMPONENT_EXTRACT (subset of GO)

· PROCESS

· SO_EXTRACT (subset of SO)

· SUBSTANCE

· ORGANISM (species ontology)

All these ontologies can be found in the following directory:

C:/My Documents/ontologies/bioontology/

Exercise 1: importing the ontologies

1)  First of all open MOB.owl (new project >> create from existing resources)

2)  Add the remaining ontologies in the metadata tab (figure 1).

Click on the ‘Import ontology’ button shown in figure 2. 

Specify that you would like to import your ontology that resides in an 
available repository.


Add a new repository from a local folder 

(C:.My Documents/ontologies/bioontology/)


Import the following ontologies from the repository one at a time:



OBR.owl


CELL_EXTRACT.owl


GO_CELLULAR_COMPONENT_EXTRACT.owl


PROCESS.owl


SO_EXTRACT.owl


SUBSTANCE.owl


ORGANISM.owl

3)  In the added namespace prefixes box ,change the prefixes to the ones stated below by double clicking in the prefix cell and when finished pressing return.
cl - http://obo.sourceforge.net/cl.owl#
go -http://obo.sourceforge.net/go.owl#

pr - http://www.cs.manchester.ac.uk/pr.owl#
so - http://obo.sourceforge.net/so.owl#
sub – http://www.cs.manchester.ac.uk/sub.owl#
org – http://www.cs.manchester.ac.uk/org.owl#
obr - http://www.cs.manchester.ac.uk/obr.owl#
4) Finally, save project as "MOB_IMPORT” in the same folder and close project.
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Figure 1: the meta-data tab used to import ontologies
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Figure 1.2: the Imports pane
Having imported all the ontologies, which have no restrictions or subclass relationships defined, as subclasses of OWL:Thing, we need to make the ontology more meaningful by placing all the sub-ontologies underneath the upper level ontology.


Exercise 2: moving the sub-ontologies to their proper place in the Upper Level Ontology

1) Open "MOB_IMPORT".  It may alert you that it cannot find the imported ontologies.  If it does this, specify the local file repository, click finish and this will automatically load all the ontologies.
The following set of instructions show how to move the CL ontology under the obr:OrganismalContinuent class in the ULO. Once you have done this you can move the other sub-ontologies under the ‘correct’ ULO class.  
2) In the OWL classes tab, click on CL:Cell in the Asserted Hierarchy pane; ‘Ctrl + e’ in the Asserted Conditions pane on owl:Thing; delete owl:Thing and write (using tab for help) "obr:OrganismalContinuent" (figure 2).
3) Once all sub-ontologies have been moved, classify the ontology by clicking either the symbol represented with “C” in a square box, or OWL>> Classify taxonomy.

4) Save as "MOB_COMPLETE"
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Figure 2: placing the cl:CELL ontology under the obr:OrganismalContinuant class.
OWL properties represent relationships between two individuals.  The properties required for this tutorial have been created and can be seen by clicking on the Properties tab.  However, the domain, range and property type have not been defined.  Each property has associated annotation describing what the property is and when it can be used.  To look into these properties in more detail, look at the following reference, which can be found at the back of the handout.  

Smith et al., Relations in biomedical ontologies Genome Biology 6 R46 (2005)

Exercise 3: setting the domain, range and property type

1)  Open MOB_COMPLETE
2)  Define a suitable domain, range and property characteristic for each property using the widgets in the properties tab (figure 3).
3)  Once you have finished save as “MOB_PROPERTY”.
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Figure 3: specify domain and range for each property type using the Domain and Range widgets.  Property characteristics can be specified using the check-boxed on the right-hand side.
Now that the properties are clearly defined, they can be used to create restrictions for the classes (i.e., they are used to restrict the individuals that belong to a particular class). So, now we need to create some restrictions.  To do this you will need to open MOB_PROPERTY.

Exercise 4: describing and defining classes

In the next few steps we are going to add a restriction to the CellDivision class that specifies that it must participate in the cell cycle.

1) Select CellDivision on the class hierarchy
2) To create a necessary condition, select the Necessary header in the conditions widget, press the ‘Create restriction’ button.

3) In the Create restriction window, select the existential restriction (someValuesOf), the participatesIn property and type cl:CellCycle in the Filler text box.  
Examples of further restrictions you can add are:

RNA is derived from DNA 
CO2 is an agent of Photosynthesis
PlantCell hasOrganelle vacuole
Chromatin hasPart DNA and protein

Disaccharide has exactly two

Sucrose contains some Glucose 

Sucrose contains some Fructose

Translation has participant amino acid

Please note:  you can add your own properties if you feel that you can not describe a relationship with the ones already present

It is important to classify the ontology each time you do a restriction. 

You can also explore what happens if you change/add disjoints, if you change property characteristics, domain and ranges, etc..
When you have finished adding all the restrictions, save your ontology as MOB_RESTRICTED.
Exercise 5: representing transport of molecules across cell membranes using Value Partition

Value partitions have been described using amino acids – these can be seen in the substance ontology.  Have all properties of the amino acids been described?

Also, in this exercise we want to create some Value Partitions, which we will use to describe different types of transporters that aid transport of molecules across cell membranes.
Open MOB_RESTRICTED.

a) Transporters
If we would like to describe the three types of transporters (anti-porter, uni-porter and sym (sin in ontology)-porter) we can create a Value Partition in OWL using the following steps:
1) Open MOB_RESTRICTED.

2) Create a class under the sb:ValuePartition class that represents the Value Partition; in this case to represent transport type.  
3) Subclasses of the Value Partition can now be created that represent all possible options; for example, antiPorter, uniPorter and symPorter.  These classes must be disjoint and cover the parent class 
4) Create a new property ‘isOfTransportType’ and make it functional.
5) Add a covering axiom; in other words, TransportType will be defined as the UnionOf (U) antiPorter, sinPorter and uniPorter.
6) For the class GO:PotassiumChannel, make an existential restriction along the property ‘isOfTransportType’.

Save the project as “MOB_VALUE” in the same folder.

Exercise 6: representing transcription using an N-ary relationship
As you have been shown the description of mitosis can be described in greater detail using an N-ary relationship pattern, rather than with just a binary relationship that describes mitosis as being a process that occurs in cell division (figure 6).  The classes in the ontology make it possible to describe the transport of the nuclear chromosome in mitosis:
Nuclear chromosome is transported in mitosis from nucleus axis, to the centrosome by the spindle.
Figure 6: the description of the transport process of mitosis.
In your ontology are there any other processes that can be described in greater detail?  Hint, perhaps transcription of DNA to RNA?
1) Open MOB_VALUE.

2) Create the properties that represent the process and organelle participant steps in the example above (e.g., hasTranscriptionProcess, hasTranscriptionProduct).  Make sure you set the domain, range and property type. 
3)  Create class Transcription under pr:GeneticProcess.

3) Create the restrictions on the agents that are being transported; for example, DNA hasTranscriptionProcess Transcription; Transcription hasTranscriptionProduct RNA; Transcription hasAgent RNAPolymeraseI (II and III).

4) Save as MOB_NARY. 
Exercise 7: representing gene structure as a list
Lists are used to describe elements where order is important; for example a gene has a number of elements which have to be in a particular order.  

There are lots of examples in biology were order is important, for example, gene order is important in co-ordinate gene regulation.  In this ontology we have the classes that will be able to model genes: a gene typically consists of a promoter, some introns, some exons and a terminator.  Although, there are other types of genes we will concentrate on the typical gene.

There are two ways to add lists in OWL: using the editor or the list wizard.  Here we will use the editor!

1) Open MOB_NARY.

2) Create class GeneStructure as a subclass of so:Sequence.  In this case, the GeneStructure is going to be the list!
3) Under GeneStructure create class EmptyList (this is used as a terminator of the list). Also create class GeneA.

4) Create properties geneStructureContents (functional), geneStructureRest (transitive), and geneStructureNext (functional).  Make sure they have the property characteristics that are shown in brackets and that geneStructureNext is a subproperty of geneStructureRest.
5) Next define Empty list as having GeneStructure AND geneStructureNext max 0 AND geneStructureContents max 0.

6) Add the restriction so that GeneA has the gene structure Promoter, Intron, Exon, Intron,Terminator

7) Create another Gene (GeneB) that has no exons

8) Now create two defined classes: GeneStructureIntronExon and GeneStructurePromoter.  The restrictions should include:
GeneStructureIntronExon


geneStructureContents some Promoter 

((geneStructureContents some Intron ⊓ geneStructureNext some (GeneStructure and (geneStructureContents some Exon))) ⊔ geneStructureRest some (GeneStructure and (geneStructureContents some Intron) and (geneStructureNext some (GeneStructure and (geneStructureContents some Exon)))))
GeneStructurePromoter

geneStructureContents some so:Promoter
9) Reason over the classes; the structure should look something like this


SerialStructureIntronExon



GeneA


SerialStructureNoExons



GeneA



GeneB

Why has this happened?

10)  Save file as MOB_LIST.
 Exercise 8: normalising the cell sub-ontology
If you open MOB_LIST and explore the cl:Cell hierarchy with OWLViz (this can be loaded by Project >> Configure >> OwlVizTab) you will be able to see all the subsumption relationships in the ontology. For example, you will see that cl:Erythrocyte is a subclass of cl:CirculatingCell and cl:AnimalCell and cl:MatureCell, or cl:Neuron is a subclass of cl:MatureCell and cl:ElectricallyActiveCell.  
However, think what happens if you...
..discover a new type of cell? 
..want to add a category? 
..want to change subsumptions?
The answer: you have to do it manually, thus making it a time consuming and a potentially error-prone process.  Normalization makes all the possible subsumption relationships computationally explicit.  As this is the case, we will normalize the cl:Cell sub-ontology.

In a normalized ontology there is only one axis of primitive classes and all other axes are made with defined classes. Also, all the classes have a single parent.

Sometimes it is the case that the ontology you are using is not normalized and you need to change the ontology.  This is what we are going to do here - we are going to normalize the original cell sub-ontology that we imported, so that it will be easier to maintain.
The following steps will help you normalize the cell sub-ontology:

1) Open MOB_LIST (when it asks you for the repository, make sure you sure you untick the ‘Force read-only’) and just expand the cl:Cell section of the hierarchy tree.

2) Delete all subsumption relationships except the ones that point to MatureCell and ImmatureCell.  

3) Make MatureCell and ImmatureCell disjoint

4) Under cl:CellByClass make all the classes defined:


cl:CirculatingCell (agentOf some pr:BloodMovement)


cl:ElectricallyActiveCell (agentOf some pr:ElectricityTransmission)


cl: PhotosyntheticCell (agentOf some pr:Photosynthesis)


cl:StructuralCell (agentOf some StructuralTensionMaintenance)

5) Under cl:CellByOrganism make all the classes defined:


cl:AnimalCell (isOfOrganism some org:Animalia)


cl:PlantCell (isOfOrganism some org:Plantae)
6) In the cl:MatureCell and cl:ImmatureCell, take each individual class (cell) and make all links to the modules.  A couple of examples are shown below:


a) cl:ChondroCyte (agentOf some StructuralMaintenance




       isOfOrganism some org:Animalia)

b) cl:Erythrocyte (agentOf some BloodMovement





isOfOrganism some org:Animalia)

8) Classify ontology and see what happens.

(Once you have reasoned over the classes, all the subsumption relationships are made by the reasoner, building a multiple inheritance hierarchy.)
9) Save as MOB_NORMAL.
Exercise 9: has everything been described?
As the ontology stands we have described in some detail the contents of a cell and some of the processes of the cell that occur.  (Hint: Look at the section of the ontology that describes the cell). However, there are other ways to describe the type of cell.   We could describe the cell by nuclei number.
In this exercise we are going to describe a cell by nucleus number.  If we were to just describe a eukaryotic cell than we would be satisfied with just describing cells that have exactly one nucleus.  But, is it true that all cells have a nucleus? Well, red blood cells do not contain a nucleus! In order to deal with these exceptions in the OWL we can create and exception pattern.
1) Open MOB_NORMAL.

2) Under cl:Cell, create a class CellByNucleiNumber (do not add assert any conditions at this point).

3) As subclasses of cl:CellByNucleiNumber, create EukaryoticCell and ProkaryoticCell.

4) Now make add as a necessary and sufficient condition of CellByNucleiNumber the EukaryoticCell and ProkaryoticCell class (EukaryoticCell or ProkaryoticCell).


You can do this by first adding EukaryoticCell and then editing in the 
multi-line editor (right-click on EukaryoticCell and choose ‘edit 
expression in multi-line editor’).
5) Under EukaryoticCell create the following subclasses: AtypicalEukaryoticCell and TypicalEukaryoticCell.
6) Make TypicalEukaryoticCell be a defined class by specifying that it has exactly one nucleus.
7)  Create RedBloodCell class as a subclass of EukaryoticCell

Now, there are red blood cells in birds that do have a nucleus, so here is another exception.
8) Under RedBloodCell create the subclasses AtypicalRedBloodCell and TypicalRedBloodCell.

9) Now create a restriction that says a RedBloodCell can either be an AtypicalRedBloodCell or a TypicalRedBloodCell.

10) Make the restriction that AtypicalRedBloodCell has to have exactly one nucleus. 
11) Make a restriction for TypicalRedBloodCell that states it is NOT an AtypicalRedBloodCell (not AtypicalRedBloodCell).

12) Now make two more subclasses of RedBloodCell: AvianRedBloodCell and MammalianRedBloodCell.

13) Create the restrictions that say an AvianRedBloodCell has exactly one nucleus and the MammalianRedBloodCell has exactly no nucleus.

14) Now classify the ontology to see whether we have have modeled the exception!

15) Save as MOB_COMPLETED.
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