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Genome rearrangements
Pairs of genomes are compared.  The comparison of these 
genomes results in a list of “edits” that would transform the 
source genome into the target genome. Bacterial genomes 
evolve over time using a multitude of possible rearrangement 
features. These would include:

Inserted regions – areas in the target genome that do not occur 
in the source genome

Deleted regions – areas in the source genome that no longer 
occur in the target genome

Repeats – areas in the source sequence that occur multiple times 
in the target sequence

We have built an ontology defining these rearrangements in 
OWL-DL.

Why combine OWL with    
Bayesian networks?   

An expert biologist can identify genomic rearrangements from 
genomic comparison data, but this is time consuming and requires 
automation.

OWL is sufficient to represent both genomic rearrangement and the 
data produced by pairwise comparison tools. 

However it is not sufficient to capture the probabilistic nature of the 
relationship between the two. 

Bayesian belief networks provide a convenient mechanism to 
describe the probabilistic rules needed to infer these relationships.

We present here an architecture that combines these approaches. 

By selection of an appropriate Bayesian network and ontology we 
believe this architecture will be applicable to a wide range of 
problems.

The process of combining OWL with Bayesian inference

The roles of inference
 Logical reasoning used for:

Semantic Matching between comparison data and Bayesian 
network.

Semantic Mediation between comparison data and Bayesian 
network.

Representation and secondary analysis of end results

 Probabilistic reasoning used for:

Determining belief in classification of real world data as a 
member of an OWL Class.
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Introduction
An organism’s genome can be represented as a large string of characters. Particular functional regions of a genome encode the genes which contribute to an organism’s 
characteristics. All genomes change over time, however bacterial genomes in particular are in a continual state of flux. Comparative genomics is the study of the processes and 
edits involved that turn one genome into another, with the aim of discovering functional and evolutionary information. The work presented here is concerned primarily with the 
automated pairwise comparisons of bacterial genomes. We have captured the domain specific knowledge of genome rearrangements in an OWL ontology. Here, we combine 
logical and Bayesian inference to classify genomic regions according to this ontology.

Implications for the SW
Combining Bayesian networks and OWL enables us to automate 
the annotation of genomes when neither technology alone would 
suffice.

Probabilistically annotating real world data with OWL classes 
based its characteristics will be a common task for the Semantic 
Web.

The methodology described here provides a generic solution for 
this type of problem.
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(1) Raw similarity data (e.g. Blast report)

Semantic matching

Semantic mediation

b - (#start 3.5kb, #end 5.5kb), (#start 3.5kb, #end 5.5kb), #similarity 85%

c - (#start 9.5kb #end 10kb), (#start 6kb, #end 6.5kb), #similarity 95%

a - (#start 0kb, #end 2kb), (#start 2kb, #end 0kb), #similarity 90%

(2) Annotated similarity data (3)  Two regions of similarity picked for 
analysis. Semantic matching and 
mediation are used to match input data to 
Bayesian network inputs

(4) Probabilistic inference using Bayesian network (5) Classification results used to annotate pairwise 
comparison with OWL terms
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