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Abstract 
Computational biology is undergoing revolutionary changes. These changes are guided by a view of a 
cell as a collection of interrelated subsystems, each involving the interaction among many genes and 
proteins. Emphasis has shifted from the study of individual gene and protein to the exploration and 
estimation of the entire genome of an organism and the study of artificial networks of genes and 
proteins. As the level of aspiration rises and the amount of available data grows by orders of 
magnitude, the field becomes increasingly dependent on mathematical modeling, mathematical 
analysis, and computation. We analyze microarray gene expression data using Bayesian models and 
computational challenges that arise in this field, with an emphasis on discrete algorithms and the 
role of Bayesian networks, optimization, probability, statistics, pattern recognition, and machine 
learning.  
 
Artificial and Bayesian networks of the fundamental principles of gene regulation, such as artificial 
models of regulatory networks, are pivotal for progress in this area. We present a framework for 
simulating microarray gene expression data experiments. Within this framework, artificial regulatory 
networks with a simple regulon structure are generated. Simulated expression profiles are obtained 
from these networks under a series of different environmental conditions. The expression profiles 
show a complex diversity. Consequently, success in using hierarchical clustering to detect groups of 
genes which form a regulon proves to depend strongly on the method which is used to quantify 
similarity between expression profiles. When measurements are noisy, even clusters of identically 
regulated genes are surprisingly difficult to detect. Finally, we suggest cluster support, a method 
based on overlaying multiple clustering trees, to find out which clusters in a tree are biologically 
significant. We develop a Bayesian probabilistic framework for microarray data analysis. At the 
simplest level, we model log-expression values by independent normal distributions, parameterized 
by corresponding means and variances with hierarchical prior distributions. We derive point 
estimates for both parameters and hyperparameters, and regularized expressions for the variance of 
each gene by combining the empirical variance with a local background variance associated with 
neighboring genes. 
 
A major challenge in computational biology is to uncover, from such measurements, gene/protein 
interactions and key biological features of gene systems. In this contribution, we propose a new 
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framework for discovering interactions between genes based on multiple expression measurements. 
This framework builds on the use of Bayesian networks for representing statistical dependencies. A 
Bayesian network is a graph-based model of joint multivariate probability distributions that captures 
properties of conditional independence between variables. Such models are attractive for their 
ability to describe complex stochastic processes and because they provide a clear methodology for 
learning from (noisy) observations. We start by showing how Bayesian networks can be used 
interactions between genes. We developed a method for recovering gene interactions from 
microarray data using tools for learning Bayesian networks. Microarray technology has resulted in 
large sets of gene expression data to derive knowledge about the underlying mechanisms that 
control gene expression dynamics has become an important challenge. DNA hybridization arrays 
simultaneously measure the expression level for thousands of genes. These measurements provide a 
“snapshot ” of transcription levels within the cell.  
 
Finally, in this contribution addresses formalisms that have been employed in mathematical and 
computational biology to describe genetic regulatory systems, in particular directed graphs, 
Bayesian networks, Boolean networks, artificial networks, ordinary and partial differential equations, 
qualitative differential equations, stochastic equations, and rule-based formalisms. In addition, the 
paper discusses how these formalisms have been used in the simulation of the behavior of actual 
regulatory systems.  
 
Results: We develop a Bayesian probabilistic framework for microarray data analysis. At the simplest 
level, we model log-expression values by independent normal distributions, parameterized by 
corresponding means and variances with hierarchical prior distributions. We estimate the regularized 
expressions for the variance of each gene by combining the empirical variance with a local 
background variance associated with neighboring genes. Simulations show that these point 
estimates, combined with a t-test, provide a systematic inference approach that compares favorably 
with simple fold methods, and partly compensate for the lack of replication. 
 
 
 


