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Bioinformatics has already entered into its post genomic era, where research has advanced from data 
collection to data analysis using advanced computational and analytical tools. Due to current high 
demands on bioinformatics data, the various shortcomings in the computing infrastructure associated 
with the handling and processing of such biological data has constituted a great challenge. In this 
paper, effort was made at developing and describing a prototype of a new-generation computing 
framework known as the hybrid-grid-based computing framework for bioinformatics (HGCFB), with the 
aim of maintaining, sharing, discovering, and expanding bioinformatics knowledge in geographically 
distributed environments. This paper proposed the system architecture of a prototype hybrid-grid-based 
computing framework for bioinformatics (HGCFB), and described its corresponding functionalities. 
Attempts were also made at implementing some aspects of this framework with an event driven 
programming language. This framework will be very useful in facilitating the effective, efficient use and 
management of bioinformatics databases and resources. 
 
Key words: Bioinformatics, biological databases and resources, computing infrastructure, hybrid -grid-based 
framework. 

 
 
INTRODUCTION 
 
The emergence of bioinformatics as a novel field in the 
last few decades has brought about a major revolution, 
coupled with great problems and opportunities for 
researchers in other fields such as computer science, 
mathematics, public health, biomedicine, biotechnology, 
agriculture and the pharmaceutical industry in the history 
of biological research. 

The production of genomic data is currently being 
executed in large volumes and at increased rates by 
series of experimentations and biological analyses (Louie 
et al., 2007; Huttenhower and Hofmann, 2010; Schadt et 
al., 2010; Bell et al., 2011; Schmidberger et al., 2011; 
Swedlow et al., 2011). Thus, numerous experimental 
techniques are responsible for producing these new 
types of data. These techniques are capable of 
generating data from the scientific experimental analysis 

of cells, tissues, organisms and even populations (Walter 
et al., 2010).   
The major force behind the expansion of computational 
biology research is the emergence of novel, reliable, and 
efficient experimental methods, among which are high-
thoroughput sequencing, which has led to an 
unprecedented growth (Alberts, 2002; Chance et al., 
2004). 

Advancement in bioinformatics research has gradually 
shifted from data gathering and accumulation to analysis 
and implementation of data. The correct analysis and 
interpretation of this large volume of data depends on the 
ability to adequately handle and analyze these data 
(Morgan and Sonquist, 1963). One of the daunting tasks 
in bioinformatics is managing the vast amount of genomic 
data generated from large scale  experiments  (Barrett  et  



 
 
 
 
al., 2007; Kann, 2009). The challenges enormous 
biological data presents are in different levels of 
variations and complexities (Louie et al., 2007); this 
constitutes some of the challenges of our generation. The 
problems range from difficulty associated with 
understanding the human genome, the detailed functions 
of gene encoding proteins, and sourcing for useful 
information for drug design among others. These 
problems are intensive (Zomaya, 2005). Consumers 
search, identify, and make use of archived data 
generated by many biological and bioinformatics 
laboratories. Thus, bioinformatics is an essential field that 
requires the use of Grid computing for a wide variety of 
distributed applications (Manjula and Raju, 2010). 
Presently, the current types of grid computing 
infrastructures are not adequate to meet all the needs of 
bioinformatics researchers worldwide. The main reasons 
for their inabilities are: 
 

1. They were not developed taking into consideration all 
the necessary requirements for bioinformatics research. 
2. There are no extensive and comprehensive formal 
biological frameworks for the grid computing and its 
application to bioinformatics and biological research 
domain. 
 

Disparities between bioinformatics and non-biological 
data were identified. In biology, data have great effect on 
the system in which they are integral part of. There is 
therefore, the need to identify features of data and 
corresponding information about relationships existing 
within such data in a biological system context (Ahsan 
and Shah, 2008; Bornberg and Paton, 2002). 
 
 

FEATURES OF BIOINFORMATICS DATA, 
DATABASES AND RESOURCES 
 

The features of bioinformatics data are as follows: 
 

1. There are close associations, similarities, and 
functional requirements among bioinformatics data, it is 
essential to analyze and study such data simultaneously 
(Ahsan, 2001).   
2. There exist heterogeneity in the structures of 
homogeneous bioinformatics data in varying environment 
(Baldi and Brunak, 2001; Shah, 2009). 
3. Bioinformatics data are semi-structured (Alberts, 2002; 
Lord et al., 2004).  
4. Environment plays a major role in determining the 
behavioral variability of objects within a biological system 
(Alberts, 2002). 
5. There exists broad usage of bioinformatics data based 
on varying research perceptions. 
6. Bioinformatics and biological data are evolutionary in 
nature (Gentleman et al., 2004; Andreas et al., 2005). 
7. Data curation, misinterpretation and experimentation  
can lead to erroneous results in a biological system 
(Rhee et al., 2006; Shah, 2009). 
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8. Due to the impreciseness and incompleteness of 
bioinformatics and biological data, it is often a challenge 
determining their functional specifications (Ahsan and 
Shah, 2008; Alcalde, 2011). 
9. Biological and bioinformatics data have iterative 
characteristics (Shah, 2009). 
 

As a result of the characteristics listed in the previously, a 
single grid computing infrastructure may not be sufficient 
to adequately handle the requirements of bioinformatics 
data, databases and resources. Thus, it is necessary to 
develop a prototype of a hybrid-grid computing 
framework, which if fully implemented, will greatly 
facilitate solving most of the problems associated with 
bioinformatics, thus ensuring effective, efficient and 
prudent management of bioinformatics data, databases 
and resources. 
 
 

Types of grids in existence  
 

The following types of grids form the most prominent 
types currently in existence. They are: 
 

1. Autonomic grids  
2. Semantic grids     
3. Utility grids         
4. Cognitive grids    
 

Autonomic grids models and related technologies have 
been designed, developed and deployed in some aspects 
of bioinformatics research over the years  (Dai et al., 
2006; Rahman et al., 2011; Deb et al., 2011;  Folino and 
Mastroianni, 2011; Pandey et al., 2012; Visan et al., 
2011; Hunter et al., 2008). 

Semantic grids represent the integration of grids with 
the semantic web. Similarly, semantic grids, related 
frameworks and technologies have been developed and 
applied to bioinformatics and related fields over the years 
(Shafiq et al., 2011; Ramirez et al., 2011; Xu et al., 2011; 
Hadzic and Chang, 2004; Geldof, 2004; Chakraborty and 
Mittal, 2010; Goble et al., 2005; Hendler, 2001; Smith et 
al., 2007; Napolitano et al., 2009; Vega-Gorgojo et al., 
2006; de Roure et al., 2003). 

Utility grids, cognitive grids and related technologies 
have been developed and also applied to computational 
and biological related researches over the years (Tan 
and Hunter, 2004; Jiang et al., 2011; Niu et al., 2007; 
Foran et al., 2011; Castellano et al., 2011; Estrada et al., 
2009). 

None of these grid infrastructures can single-handedly 
meet all the demands of diverse bioinformatics 
databases. As a result, the purpose of this research is to 
propose and partly develop a prototype of a hybrid-grid-
based computing framework for effectively accessing, 
managing bioinformatics databases and possibly sharing 
knowledge among bioinformatics’ researchers among 
different research clusters. 

Furthermore, part of this newly proposed framework will  
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be implemented by using an event-driven programming 
language to show how it will perform in the real-life 
hybrid-grid computing infrastructure. This architecture will 
be very useful in accessing and analyzing the vast 
amount of data that usually characterize bioinformatics 
databases, and so help to access, process and 
disseminate them to the appropriate quarters efficiently. 
 
 
MATERIALS AND METHODS 
 
Many grid frameworks, applications, systems and infrastructures, 
have been developed and deployed over the years. These have 
found relevance in bioinformatics research and other health-related 
sectors. Teo et al. (2004) proposed a system for developing and 
deploying large-scale bioinformatics-grid. In their study, they 
proposed a grid-programming toolkit for bioinformatics research.  

In bioinformatics research, modeling and simulation of cellular 
processes and important pathways in humans, organisms, plants 
and animals play an prominent role towards novel discoveries. The 
first grid-enabled tool for modeling and simulating cellular 
processes (Grid-Cellware) was developed by Dhar et al. (2004).  
Konagaya (2006) presented a review of the trends in life science 
grid, stating the importance of data and knowledge grid to the 
advancement of bioinformatics research. Shabab et al. (2005) 
developed a grid portal interface for interacting with and monitoring 
high-throughput proteomic annotations.  

Grid computing has found expression in bioinformatics research 
especially in the area of driving data-intensive genetic research 
(Andrade et al., 2007). Other studies applied the use of web 
services to integrate heterogeneous bioinformatics applications (de 
Knikker et al., 2004; Martín-Requena et al., 2009; Ramirez et al., 
2010). Stankovski et al. (2007) developed a data mining grid 
system that is scalable, efficient, flexible, extensible and easy to 
use. 

In a recent study, the adoption of a web portal enabled by a robot 
certificate to enable bioinformaticians to perform large-scale 
Bayesian Phylogenetic analyses on the grid was implemented 
(Barbera et al., 2011). A computational grid framework for 
immunological applications that enables scientists to surf through a 
single interface local, national and international resource was 
recently developed by a group of researchers (Halling-Brown et al., 
2009). In another study, a simpler grid framework was developed 
for biological sequence alignment in bioinformatics on a 
computational grid (YarKhan and Dongarra, 2005). Pandey et al. 
(2011) presented a survey of data intensive bioinformatics 
applications on a variety of parallel computer architecture for 
accelerating the processing of large volume of biological data set.  

Other bioinformatics and health-related grid computing 
researches include: development of a grid-based solution for 
executing blast on computational grids (Yang et al., 2009; Tang et 
al., 2005; Manjula and Raju, 2010; Jiang et al., 2011; Mareuil et al., 
2011; Villamizar et al., 2011; Taha and   Elmasri, 2011; Mirto et al., 
2009;  Daramola et al., 2008; Oluwagbemi, 2008). 
 

However, in our work, we are proposing a prototype of a hybrid-
grid computing framework which will be useful for accessing 
bioinformatics databases and resources for computational biology 
and bioinformatics researchers. Attempt was made at implementing 
the semantic web application aspect of this prototype. 
 
 
The newly proposed framework (HGCFB) 
 
The prototype of this new framework was proposed based on 
insight gained from studies on the integration of  the  four  types  of  

 
 
 
 
grids earlier mentioned (Figure 1). 
 
 

The proposed hybrid-grid framework for bioinformatics 
(HGCFB) 
 

The autonomic concept was inspired by knowledge gained from the 
human body’s autonomic nervous system (Hariri et al., 2006). 
Incorporating this concept into the hybrid-grid framework has a 
good tendency of enhancing the performance.  

The newly proposed architecture of a prototype hybrid-grid-based 
computing framework for bioinformatics (HGCFB), as shown in 
Figure 2, is as described below: 
 
(i) Hybrid-grid fabric layer: This layer provides a platform for 
managing local bioinformatics grid resources. Such resources 
include different operating systems, servers, clusters etc. 
(ii) Middleware layer: This layer provides storage access, 
programming frameworks and security. 
Grid applications layer: This layer enables end-users to utilize 
bioinformatics grid services. 
(iii) Integrated layer: This layer consists of an integrated layer of the 
collaborative functionalities of utility, semantic, cognitive and 
autonomic grid facilities to help constitute a hybrid-grid framework 
for bioinformatics research. 
 
 

Implementation of a bioinformatics hybrid-grid web application 
and interface 
 
Implementation was done with the Visual Basic 6 programming 
language within the Visual Studio environment. This implementation 
was achieved by coding in visual basic 6.0. This was implemented 
in visual basic programming environment- an event driven 
programming language. This graphical user interface describes the 
basic control buttons for navigating different bioinformatics 
databases. It also has a web address space box.   
 
 

RESULTS 
 

This was implemented in visual basic programming 
environment- an event driven programming language. 
This graphical user interface describes how the hybrid-
grid web application tool navigates both the micro array 
databases of the EMBL-EBL bioinformatics and the 
Protein database for EBI (European Bioinformatics 
Institute).     
 
 
DISCUSSION 
 

The proposed framework introduces the possibility of 
having a hybrid-grid for bioinformatics research which 
has the tendency to integrate the capabilities of semantic 
web applications, autonomic grids, cognitive 
functionalities and utility grids. These combined 
functionalities has the advantage of enhancing the 
efficiency of conducting bioinformatics research as it 
applies to databases and other related bioinformatics 
resources. This proposed hybrid-grid framework if fully 
implemented will help promote research in bioinformatics 
and computational biology. The positive impact of the 
preliminary results obtained in this research as it relates 
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Figure 1. Interconnectivity and collaboration of different grid platforms to form the newly 
proposed hybrid-grid framework for bioinformatics databases and resources. 

 
 
 

 
 

Figure 2. Proposed hybrid-grid framework for bioinformatics databases and resources. 

 
 
 

to the advancement of knowledge in the fields of 
bioinformatics and computational biology cannot be thus 

underestimated. In this paper, only some aspect (hybrid-
grid semantic web application and interface) of this 
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Figure 3. The design phase of the bioinformatics hybrid-grid web application too1 

 
 
 
proposed framework was actually implemented, since 
this is just a framework depicting part of the overall 
model. The results obtained in Figure 3 showed the 

design phase of the bioinformatics hybrid-grid web 
application tool in the visual basic programming 
environment. This is the initial stage in the development 

 

z  
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Figure 4. The implementation phase of the of the bioinformatics hybrid-grid web 
application tool. 

 
 
 
of a bioinformatics web application tool. Figure 4 shows 
the implementation of the web application tool which was 
able to successfully connect to a Bioinformatics Database 
EBI (European Bioinformatics Institute). 

The results obtained in Figure 5 showed that the web 
application tool was able to successfully access EBI’s 
micro-array database. Figure 6 shows how an effective 
access was established to the protein database for EBI’s 
Database using the hybrid-grid-based semantic web tool. 
Figure 7 shows how the developed bioinformatics web 
tool was able to access the databases for molecular 
interactions of the EBI (European Bioinformatics 
Institute). This shows the flexibility of the tool to navigate 
and access different bioinformatics databases and 
resources. This tool was implemented in visual basic 
programming environment- an event driven programming 
language. This graphical user interface describes the 
how the hybrid-grid web application tool navigates the 
bioinformatics   databases   for    molecular    interactions     

Conclusion 
 
In this research paper, we have proposed a hybrid-grid-
based framework for analyzing bioinformatics databases 
and resources. A subset of the hybrid-grid framework (a 
web application for accessing and connecting 
bioinformatics databases and resources) was also 
developed and implemented for accessing useful 
bioinformatics data and resources for research purpose. 

However, other features and improvements to the 
existing framework can be accomplished in further work, 
by implementing all other aspects (the cognitive, 
autonomic, and utility grids) of the proposed framework. 
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Figure 5. The implementation phase of the of the bioinformatics hybrid-grid web 
application tool navigating the micro array database. 

 
 
 

 
 

Figure 6. The implementation phase of the of the bioinformatics 
hybrid-grid web application too1 navigating the protein 
database. 
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Figure 7. Output connecting to and displaying bioinformatics databases for 
molecular interactions. 
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