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1 Introduction 

Bioinformatics is very much a computational science 

in which biology, computer science, and information 

technology merges into a single discipline.  The goals 

of bioinformatics include validation of genetic markers, 

gaining of mechanistic insights into biological systems, 

understanding of our phylogeny (evolutionary history), 

engineering of rational proteins, and development of 

rapid vaccines.  Often it is the goals that guide the 

processes.   

 

With the advent of technologies like DNA sequencing 

and DNA microarray, an enormous amount of 

information has been generated that can only be 

efficiently analyzed with computers.  As the 

information becomes ever larger and more complex, 

more computational tools are needed to sort through 

the data. These include:  

 

 Development of computational methodologies to 

perform systematic studies of complex interactions 

in biological systems to enable discovery of new 

emergent properties that may arise from the 

integrated systemic view. 

 Development of new algorithms and statistics with 

which to assess biological information, such as 

relationships among members of very large data 

sets.  

 Development and implementation of tools that 

enable efficient access and management of 

different types of information, such as various 

databases, integrated mapping information.  

 Visualization of various types of biological data to 

aid in analysis and interpretation of nucleotide and 

amino acid sequences, protein domains, and 

protein structures.  

 

2 This special issue 

This AJIIPS special issue on Computational Advances 

in Bioinformatics brought together experts and 

researchers from the interdisciplinary field of 

bioinformatics to present the latest advances in 

different computational aspects of bioinformatics.  The 

papers in this issue are based on selected works 

presented at the 16
th

 International Conference on 

Neural Information Processing (ICONIP 2009).  The 

conference theme was Challenges and Trends of 

Neural Information Processing, with an aim to discuss 

the past, present, and future challenges and trends in 

the field of neural information processing.  Of the 24 

bioinformatics-related submissions to ICONIP 2009, 

ranging from evolutionary computation to SNP 

analysis, only 8 were accepted for presentation at the 

conference, along with two invited talks.  Finally, only 

5 extended versions were selected from the 10 

conference presentations for this special issue.  These 

papers can be broadly categorized into the following 

themes.  

 

2.1 Microarray analysis 

Gene expression microarray technology has become 

the most common source for the quest for biological 

answers due to its high-throughput nature.  The 

identification of a set of biomarkers that may contain 

evidences to contribute towards better biological 

understanding is a major undertaking in the post-

genomic era [4].  For example, gene expression 

profiling associates gene sets into groups according to 

the conditions/functions of interest.  The resulting gene 

lists are then usually clustered and further functionally 

analyzed and annotated [7].  However, the published 

data sets are typically high dimensional and many of 

them contain only a limited number of samples. 

Therefore, in this special issue, Taminau et al. [14] 

investigated the merging of different microarray 

studies to create a larger data set in order to increase 
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the statistical power of the obtained results. They 

demonstrated the consistency of their methodology 

using three different medical microarray data sets. 

 

2.2 Motif identification 

Transcription is the process of carrying out the genetic 

(DNA) message from the nucleus of a cell.  A 

transcription factor (TF) is a regulatory protein that 

controls the expression of a particular gene by binding 

to the regulatory region of the gene.  Thus, finding the 

location of the transcription factor binding sites 

(TFBS), also known as motifs, is crucial in the 

understanding of the mechanism of gene expression. 

However, motif identification is a very complex and 

challenging problem.  As an example, a TFBS can be 

located anywhere within the regulatory region of a 

gene.  In addition, it may vary slightly among different 

genes since non-essential bases could mutate.  The 

paper of Do and Wang [6] in this special issue deals 

with the problem of single motif recognition using 

machine learning techniques.  It introduces a novel 

overlap-based metrics (OSIM) for measuring the 

similarity of nucleotide sub-sequences and an OSIM-

based sampling method for generating training 

examples for learner models.  The two most significant 

findings are: (i) a higher recall rate; and (ii) better 

prediction on real datasets in which annotated binding 

sites are long and degenerated. 

 

2.3 Protein folding 

Proteins are complex organic molecules made up of 

amino acid sub-units.  Besides making up the body’s 

major components such as hair and skin, they also form 

enzymes that send signals to other cells to regulate 

gene activity and often catalyze reactions.  However, to 

understand the function of a protein is a very difficult 

problem and three dimensional protein-folding is still 

an open challenge [10].  Also, improper folding of a 

protein can be fatal as in the case of mad cow disease. 

 

Over the past few decades, there has been a parallel 

rapid growth in both the bioinformatics and the pattern 

recognition fields.  From the latter’s perspective, the 

protein fold prediction problem can be viewed as a 

multi-class classification task that can be solved by 

using a combination of feature selection, feature 

extraction and classification techniques.  In this special 

issue, Dehzanghi et al. [5] proposes a new classifier 

ensemble, based on the combination of five different 

classifiers, combined with five combinational policies 

to tackle this problem.  They found that, by using 

majority voting as the combinational policy, the protein 

fold prediction accuracy was better than most of the 

other classification methods found in the current 

literature. 

 

2.4 Biometric application 

While the main focus of bioinformatics research has 

been on the genetic aspect, there are certain applied 

studies based on phenotypes, e.g. in biometric 

applications for personal recognition.  In today’s 

increasingly ubiquitous world, the use of secure 

personal authentication systems is becoming prevalent.  

A functional biometric system requires high 

recognition accuracy, fast operating speed, and low 

resource demands. Furthermore it needs to be non-

intrusive, user-friendly, and be sufficiently robust to 

withstand various forms of attacks and abuses to the 

system [9].  Common biometric identification 

techniques would use either structural or statistical 

methods for feature extraction [4].  In this special issue, 

the paper of Choge et al. [3] proposes a novel 

technique of palmprint feature extraction and matching 

based on block-based Discrete Cosine Transform. This 

method offers a quick, simple, and effective mean of 

biometric identification. 

 

2.5 Medical diagnosis 

Medical diagnosis is an important emerging clinical 

application of high-throughput microarray technology.  

The vast amount of gene expression data available is 

providing a new basis for disease diagnosis. Gene 

expression analysis has been applied to study different 

pathological tissues, such as malignant tumors, as well 

as to detect infectious disease agents.  The knowledge 

gained can provide a better basic understanding of 

disease mechanisms.  In addition, it would help to 

identify molecular markers for more precise diagnosis 

and for prediction of treatment response [13].  To wrap 

up this AJIIPS special issue on Computational 

Advances in Bioinformatics, the paper of Loo et al. [9] 

proposes an evolutionary artificial neural network 

(EANN) approach to tackle medical decision support 

tasks.  Their results indicate that the proposed 

algorithm can perform better than other published 

works in two benchmark medical data sets, as well as 

in a clinical data set for diagnosis of acute coronary 

syndrome. 

 

3 Challenges and trends 

Frequently, it is difficult to infer biological meanings 

by solely using a gene list that can only provide a 

scattered view of biological insight.  That is, there is a 

need to probe into the systematic view in term of 

determining the potential interactions among these 

genes [1].  Recent challenges include intrinsic 

functional module extraction from the densely 

connected weighted gene co-expression networks [2] 

and association of copy number variations (CNVs) to 

complex diseases such as autism spectrum disorder 

(ASD) [12]. 

 

In term of general computational trends or needs, the 

Institute of Systems Biology specified 11 

computational challenges for the field of contemporary 

biology [8]:  

 In-depth analysis into the digital content of the 

genome 

 Effective comparisons of thousands of entire 

genomes 
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 Extraction of protein and gene regulatory networks 

from the above results 

 Reliable and robust integration of multiple high-

throughout data sources 

 Visualization and exploration of large-scale, multi-

dimensional data 

 Conversion of static network maps into dynamic 

mathematical models 

 Ab-initio prediction of protein functions 

 Identification of signatures for cellular states such 

as case vs. control 

 Construction of hierarchical models across 

multiple scales of time & space 

 Reduction of complex multi-dimensional models 

into underlying principles 

 Text searching to integrate published literature and 

experimental data 

 

Acknowledgments 

The guest editors would like to extend a special thanks 

to the technical reviewers for their thorough and timely 

reviews of the submissions to this special issue.  

Without their dedicated effort, this special issue would 

not have been possible. 

 

References 

[1] Allison, D.B., Cui, X., Page, G.P., Sabripour, M., 

“Microarray Data Analysis: From Disarray to 

Consolidation and Consensus,” Nature Review 

Genetics, Vol. 7, pp. 55-65, 2006. 

[2] Chanthaphan, A., Prom-on, S., Meechai, A., Chan, 

J.H., “Identifying Functional Modules using MST-

based Weighted Gene Co-Expression Networks,” 

Proceedings of the 9
th

 IEEE International 

Conference on Bioinformatics and Bioengineering 

(BIBE2009), Taichung, Taiwan, June 22-24, 2009, 

pp. 192-199. 

[3] Choge, H.K., Oyama, T., Karungaru, S., Tsuge, S., 

Fukumi, M., “Deveopment of a Block-based 

Palmprint Recognition Methodology using the 

Discrete Cosine Transform,” Australian Journal of 

Intelligent Information Processing Systems, in 

press. 

[4] Chuang H.Y., Lee E., Liu Y.T., Lee D., Ideker T., 

“Network-based classification of breast cancer 

metastasis,” Molecular Systems Biology, Vol. 3, 

Article No.140, 2007. 

[5] Dehzanghi, A., Phon-Amnuaisuk, S., Dehzanghi, 

O., “Enhancing Protein Fold Prediction Accuracy 

using an Ensemble of Different Classifiers,” 

Australian Journal of Intelligent Information 

Processing Systems, in press. 

[6] Do, H.T., Wang, D., “Motif Recognition using 

LVQ Classifiers with Overlap-based Similarity 

Metrics,” Australian Journal of Intelligent 

Information Processing Systems, in press. 

[7] Emilsson, V., et al., “Genetics of gene expression 

and its effect on disease”, Nature, Vol. 452, 

No.7186, pp. 423-428, 2008. 

[8] Institute for Systems Biology, “Challenges of 

Systems Biology,”  web article accessible online at 

the url: 

http://www.systemsbiology.org/systems_biology_i

n_depth/Challenges_of_Systems_Biology 

[9] Jain, A.K., Ross, A., Prabhakar, S., “An 

Introduction to Biometric Recognition,” IEEE 

Transactions on Circuits and Systems for Video 

Technology, Special Issue on Image- and Video-

Based Biometrics, Vol. 14, No. 1, January 2004.  

[10] Jones, N.C., Pevzner, P.A., An Introduction to 

Bioinformatics Algorithms, The MIT Press, 2004. 

[11] Loo, C.S., Tan, S.C., Lim, C.P., “Fuzzy ARTMAP 

and a Hybrid Chaos Genetic Algorithm for 

Medical Pattern Classification,” Australian Journal 

of Intelligent Information Processing Systems, in 

press. 

[12]  Pinto, D., et al., “Functional impact of global rare 

copy number variation in autism spectrum 

disorders,” Nature Letters, 

doi:10.1038/nature09146, pp. 1-5, 2010. 

[13] Sandvik, A.K., Alsberg, B.K,; Nørsett, K.G., 

Yadetie, F., Waldum, H.L., and Lægreid, A., 

“Gene expression analysis and clinical diagnosis”, 

Clinica Chimica Acta, Vol. 363, pp. 157-164, 

2006. 

[14] Taminau, J., Meganck, S., Weiss-Solis, D.Y., van 

Staveren, W.C.G., Dom, G., Vener, D., Bersini, H., 

Detours, V., Nowé, A., “Validation of Merging 

Techniques for Cancer Microarray Data Sets,” 

Australian Journal of Intelligent Information 

Processing Systems, in press. 

 

 

 

 

3

Volume 10, No. 4 Australian Journal of Intelligent Information Processing Systems




