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Abstract. This article summarizes our research on world-first brain-gene on-
tology (BGO) system that we use as a tool for educational purpose and re-
search. It covers the concepts in the form of text, graphs, images, voice en-
abled animations from brain organization (structure, neuronal bundles, and 
synapses) through central dogma (gene regulation, ion channel proteins and 
mutations) to modelling and simulation of brain diseases. System has been 
shown for gaining knowledge on ontology and making discoveries.  

1  Introduction 

Ontology is a  specification of a conceptualization of a knowledge domain 
[1]. For experimental purposes the medical ontologies [2], biomedical ontol-
ogy (http://www.bioontology.org/) and the gene ontology (GO) have been 
created (http://www.geneontology.org/) [3]. The GO project provides a con-
trolled vocabulary to describe gene and gene product attributes in any organ-
ism.  
   Brain-Gene Ontology (BGO) project lead to the development of a system 
that was first released and published with IEEE in December 2006, and, is 
focused on integrating information from different disciplinary domains such 
as neuroscience, bioinformatics, genetics, computer and information sci-
ences. The system is designed to be used for research, simulation and teach-
ing at different levels of tertiary education. This paper is a shorter version 
from our earlier publications on BGO and is specifically written to aim for 
NZCSRSC. BGO version 1 (BGOv1) is released on a CD and it is freely 
available to academic users and is for non-commercial use only. 
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2  Information structure of the BGO 

BGO is comprised of three main parts: 1. brain organization and function, 2. 
gene regulatory network, and 3. a simulation model. Fig. 1 illustrates the de-
tailed kind of information available in the BGO about information on genes, 
proteins, species and diseases. Part 1 contains information about neurons, 
about their structure and process of spike generation. Part 2 is divided into 
sections on neurogenetic processing, gene expression regulation, protein syn-
thesis and abstract GRN. Part 3 has sections on computational neurogenetic 
modeling (CNGM) [4], evolutionary computation, evolving connectionist 
systems (ECOS) [5], spiking neural network [6], simulation tool [7] and 
CNGM results.  

 

 

Fig. 1. Snapshot of the BGO 

3  Evolving Implementation of BGO in Protégé  

Protégé is an open source ontology building environment developed by the 
Medical Informatics Department of the Stanford University 
(http://protege.stanford.edu/index.html).  We have developed a set of plug-ins 
to enable to visualize, extract and import knowledge from/into different data 
sources and destinations.  BGO is based on Gene Ontology (GO), and Uni-
fied Medical Language System (UMLS), Pubmed and Gene Expression Atlas 
database. BGO utilizes a novel evolving conceptual metadata structure which 
allows incorporation of new discoveries and adapt its structure [8].  
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4  New Discoveries and teaching with BGO 

BGO system provides conceptual links between data on brain functions and 
diseases, their genetic basis, and the relationships between the concepts (see 
Fig. 2).  Our system also allows users to select and export the specific data of 
their interest to analyze in a software machine learning environment, such as 
WEKA (http://www.cs.waikato.ac.nz/ml/weka/) and NeuCom 
(www.theneucom.com) to train prediction or classification models and to 
visualise relationship information.  

 

 

Fig. 2. Visualizing relationships between different molecules in BGO 

   BGO teaching interface is built using textual, graphical, audio and visual 
media. 3D animations, gives both a dynamic narrative introduction and over-
view to the BGO (see Fig. 3). It exemplifies the importance of use of ontolo-
gies in knowledge management and interpreting relationships between mole-
cules and brain functions. 

 

   

Fig. 3.  Snapshots from novel voice enabled animations in BGO 

5  Conclusions 

The BGO is designed to facilitate active learning and research. It defines and 
represents the concepts existing in the domain of brain and genes, their at-
tributes and the relationships between them. It is represented as a knowledge 
base and allows users to navigate through the rich information space from di-
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verse fields; to download data that can be analysed in a software machine 
learning environment; to visualize relationship information; and to add new 
information. In future, we plan to merge BGO [9] with GO [3] to enable 
more sophisticated discoveries.  

Acknowledgments 

This work is supported by NERF AUT0201, TAD, RELT and KEDRI. We 
thank Scott Heappey for creating all animations. For more information on 
brain-gene ontology system, please visit: www.kedri.info 

References 

1. Gruber TR (1993) A translation approach to portable ontologies. Knowledge Ac-
quisition 5: 199-220 

2. Pisanelli DM (ed) (2004) Ontologies in Medicine.  IOS Press, Amsterdam 
3. Ashburner M, Ball CA, Blake JA, Botstein D, Butler H, Cherry JM (2000) Gene 

ontology: tool for the unification of biology. The Gene Ontology Consortium. 
Nature Genetics 25: 25–29 

4. Benuskova L, Kasabov N (in press) Towards Computational Neurogenetic Mod-
eling. Springer, New York 

5. Kasabov, N. (1998) The ECOS framework and the 'eco' training method for 
evolving connectionist systems, Journal of Advanced Computational Intelligence, 
vol.2 (6):1-8 

6. Kasabov N, Benuskova L (2004) Computational neurogenetics. Journal of Com-
putational and Theoretical Nanoscience 1: 47-61 

7. Benuskova L, Jain V, Wysoski SG, Kasabov N (2006) Computational neuroge-
netic modelling: a pathway to new discoveries in genetic neuroscience. Intl. J. 
Neural Systems 16: 215-227 

8. Gottgtroy P, Kasabov N, MacDonell S (2006) Evolving ontologies for intelligent 
decision support. In:  Sanchez E (ed) Fuzzy Logic and the Semantic Web (Cap-
turing Intelligence).  Elsevier, Amsterdam 

9. Kasabov, N., Jain, V., Gottgtroy, P., Benuskova, L. and Joseph, F. (2006). Bain-
Gene Ontology: Integrating Bioinformatics and Neuroinformatics Data, informa-
tion and Knowledge to Enable Discoveries. IEEE, ISBN: 0-7695-2662-4, pp. 13 

 
 
 


