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Abstract 
In recent years, technical breakthroughs in spotting hybridization probes and advances in 
genome sequencing efforts lead to development of DNA microarrays, which consist of 
many species of probes, either oligonucleotides or cDNA, that are immobilized in a 
predefined organization to a solid phase. By using DNA microarrays, researchers are now 
able to measure the abundance of thousands of mRNA targets simultaneously. Microarrays 
have become a very important tool in recent computational Biology. In coordination with 
my co-workers and mentor Dr. Shahadat Kowuser, we intend to publish a paper that aims 
to analyze microarray gene expression data using Boolean networks. Our paper will 
provide basic conceptual summaries on the functions of microarrays, representation, and 
extraction of information obtained from scanned hybridization images. Our publication 
will address different methods for comparing expression profiles of genes and also 
provide the different methods for comparing genes with similar gene expression 
microarray data.  Our paper will focus on relating gene expression data with other 
biological information, and investigate the biological discoveries made by integrating gene 
expression data with external information. Several types of microarray gene expression 
data analysis have been studied within the framework of probabilistic Boolean Networks, 
which are collections of networks in which gene’s states transitions according to the rules 
of one of the constituent networks and where network choice is governed by a selection 
distribution. The theory of automatic control has been applied to find optimal strategies 
for manipulating external control variables that affect the transition probabilities to cause 
dynamic evolution over a finite time horizon. This includes: the investigation of probes, 
experimental design and implementation, image analysis of microarray scanned images, 
normalization of fluorescence intensities, assessment of the quality of microarray data and 
incorporation of quality information in subsequent analyses, the combination of 
information across arrays and sets of experiments, discovery and recognition of patterns 
in expression at the single gene and multiple gene levels, and the assessment of 
significance of these findings.  It should be noted that a lot of noise is/will be present and 
results in random features in our data. For all of these components, access to a flexible and 
efficient statistical computing environment is an essential aspect. Our use of 
computational mechanics will assist us in the analyses and comparison of our microarray 
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data. We will use the JavaScript independent development environment to create a 
Prototype model of DNA microarray analysis. 

In this contribution, a central focus of genomic research concerns understanding the 
manner in which DNA sequence executes and control the enormous number of operations 
required for their function. Thus, in this area of computation biology, single gene 
perspectives are becoming increasingly limited for gaining insight into biological 
processes. Boolean network applications are becoming increasingly important for making 
progress in our understanding of the manner in which genes and molecules collectively 
form a biological system and harnessing this understanding in educated intervention for 
correcting human diseases. Such approaches inevitably require computational biology and 
formal methods to process massive amounts of data, understand general principles 
governing the system under study, and make useful predictions about system behavior in 
the presence of known conditions. There is a wide spectrum of approaches for modeling 
gene networks, each with its own assumptions, data requirements, and goals.  

Results: Finally, the central theme in this contribution is the Boolean formalism as a 
building block for modeling complex, large-scale, and dynamical networks of gene 
interactions. We have discussed the goals of modeling Boolean networks as well as the 
data requirements. We have presented role of Boolean networks in understanding gene 
differentiation and cell functional in microarray data analysis. The inference of Boolean 
networks from real gene expression data is considered from the viewpoints of 
computational Boolean function theory and image signal processing, touching on 
computational complexity of learning and robustness.  We have developed a probabilistic 
framework, leading to an introduction of probabilistic Boolean networks and their 
relationships to Markov chains. Methods for quantifying the influence of genes on other 
genes are presented. We have discussed the goals of modeling Boolean networks as well as 
the data requirements. We have presented role of Boolean networks in understanding 
gene differentiation and cell functional in microarray data analysis. The inference of 
Boolean networks from real gene expression data is considered from the viewpoints of 
computational Boolean function theory and image signal processing, touching on 
computational complexity of learning and robustness.  We have developed a probabilistic 
framework, leading to an introduction of probabilistic Boolean networks and their 
relationships to Markov chains. Methods for quantifying the influence of genes on other 
genes are presented.  

 

 
 

 

 
 
 


