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Protein interactions are a fundamental component of biological processes. Many pro-
teins are functional only in multimeric complexes, or require interaction partners to 
achieve their correct localisation or function. For this reason, the study of protein-protein 
interaction (PPI) networks has become an area of growing interest in computational biol-
ogy.

The Modeling and Analysis of Biological Network Activity (BioMANTA) project is a scien-
tific research collaboration between the Pfizer Research Technology Center 
(Massachusetts, USA) and the Institute for Molecular Bioscience and University of 
Queensland (Australia) that aims to create a semantic interactome model. 

Using semantic web technologies such as Resource Description Framework (RDF) and 
Web Ontology Language (OWL) to model interaction data creates a knowledge repre-
sentation in which meaning is vested in the ontology rather than instances of data; in 
order to use apply stochastic and computational intelligence methods to this data, the in-
stances must be transformed into a representation suitable for processing by these com-
putational methods.

Knowledge Representation
A semantic model of the PPI domain has been created using OWL DL (Description 
Logics). An extensible, high-level BioMANTA ontology has been created to integrate el-
ements of existing ontologies that are relevant to the project. 
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Knowledge Discovery
The knowledge discovery model constructs networks from three different information 
sources: Gene Expression Data, Protein Localization Data, and Phylogenetic Profiles. It 
then integrates these networks to form the final network.
 
To construct network using gene expression data, gene-gene corregulation is computed 
using Mutual Information [6]: 

To infer the network using other two aforementioned data, Kernel completion matrices 
are used [9,10], and finally three networks are integrated to form the high-coverage net-
work.

where g1 and g2 are the expression vectors of two genes. The network is then pruned 
using Data Processing Inequality [7,8]:
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The attribute data present in the semantic 
interactome model are transformed into a 
confidence score by the scoring function. 
This enables the selection of a low-
coverage, high-confidence interaction net-
work for knowledge discovery. 

The resulting high-coverage network con-
tains interactions weights representing the 
probability of interactions according to the 
model. These weights can then be ex-
tracted and added to the semantic interac-
tion model.

Add weights 
to model

Transformation: Scoring Function
There is considerable variation in the quality of publically available PPI data 
[1,2,3]. It is also acknowledged that most methods struggle with high rates of 
false positive detection, and failure to detect known PPIs [2]. For example, high-
through-put yeast-two-hybrid methods have been widely criticised in the litera-
ture for high false positive detection rates [4]. One observation that consistently 
emerges from the comparative literature is that the detection of individual PPIs by 
multiple methods have higher quality than those determined through a single 
method. Likewise, low-through-put experimental methods are throught to pro-
duce more accurate detection of PPI than high-through-put screens [1,2,5].

The BioMANTA semantic knowledge representation captures such information 
as original literature references and experimental methods as attributes in the se-
mantic model. Our scoring function exploits the above observations to transform 
attributes according to a schema where experimental methods are assigned 
values according to noise level [2,4], weighted according to the experimental 
through-put of the method, and summed over individual occurances of the inter-
action:

where C is the confidence score, e represents the experiment of observation i, β 
value is assigned to the experimental method of experiment e, and w is the high-
thorughput weight modifier.
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The BioMANTA ontology 
creates a high-level class, 
Observation,  under which 
is integrated all informa-
tion on a particular obser-
vation of an interaction. 
Each instance of 
BioManta:Observation 
represents an indepen-
dent observation of an in-
teraction in a given experi-
mental and cellular con-
text. Additionally, proteins 
that participate in PPIs are 
separately annotated,  so that information relevant to each protein, such as subcellular 
location and functional annotation may be recorded independently of interaction data. 

Introduction
Protein interactions are a fundamental component of biological processes. Many 
proteins are functional only in multimeric complexes, or require interaction partners 
to achieve their correct localisation or function. For this reason, the study of protein-
protein interaction (PPI) networks has become an area of growing interest in compu-
tational biology.

The Modeling and Analysis of Biological Network Activity 
(BioMANTA) project is a scientific research collaboration 
between the Pfizer Research Technology Center 
(Massachusetts, USA) and the Institute for Molecular 
Bioscience and University of Queensland (Australia) that 
aims to create a semantic interactome model.

Using semantic web technologies such as Resource De-
scription Framework  (RDF) and Web Ontology
Language (OWL) to model interaction data creates a knowledge representation in 
which meaning is vested in the ontology rather than instances of data; in order to 
apply stochastic and computational intelligence methods to this data, the instances 
must be transformed into a representation suitable for processing by these compu-
tational methods.


