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I. Title: “An Analysis of Microarrays Gene Expression for 

Classification and Mining of Biological Patterns” 

 

Abstract  
 

In 21
st
 century, there have been major advancements in the field of Bioinformatics. 

Bioinformatics deals with management of huge volume of biological data by using 

computers in order to better understand and organize information. The advancement entails 

constant improvements in the creation of the data, organizing the data and analyzing the 

data for practical use. One such advancement in the field of Bioinformatics is Microarrays 

technology.  

A DNA Microarrays or Microarrays technology, which is a size of microscope slide or 

even smaller has made it possible for scientists to perform an experiment to analyse 

expression levels for tens of thousands of genes at a same time. Microarrays provide a 

relatively rapid, reliable, reproducible, and quantitative approach for simultaneously 

monitoring expression levels of thousands of genes. It has been used as a technology for 

analysing changes in the gene expression level and genomic changes that are caused due to 

diseases. The gene expression data are ordered as tables in the form of matrices where 

rows signify genes, columns signify various samples such as tissues or experimental 

conditions, and numbers in each cell describe the expression level of the particular gene in 

the particular sample. The analysis of relatively large datasets generated in a typical 

microarray experiment is better done using artificial intelligence rather than traditional 

approach [1][12][20]. 

Literature study shows more often than not, several genes contribute to a disease, which 

motivates researchers to identify a subset of genes whose expression levels rise and fall 

coherently under a subset of conditions, that is, they exhibit fluctuation when conditions 

change. As Microarray experiments are generating huge volume of data, analysis of such 

data is becoming one of the major issues in the field of bioinformatics. One important 

application of gene expression analysis is to classify tissue samples according to their gene 

expression levels. Gene classification problem is still active area of research because of the 

attributes of the gene expression data, high dimensionality, noise and small sample size, 

which makes the classification task quiet challenging [21] [24]. 
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In this research, we focus our work on using artificial intelligence techniques to solve the 

feature selection and classification problems arising from microarrays gene expression 

data. We first identify the major types of the feature selection and classification problems; 

then apply several artificial intelligence methods to solve the problems and perform 

systematic tests on artificial and real gene expression datasets. We have proposed hybrid 

feature selection algorithm to obtain high classification performance for high dimensional 

datasets. Using the hybrid feature selection algorithm, we are able to identify most 

selective and predictive genes from the dataset which gives higher classification accuracy 

compared to traditional algorithms. 

II. Brief description on the state of the art of the research topic 

 

Bioinformatics, an interdisciplinary field of science combines use of techniques from 

biology, computer science, mathematics, statistics and artificial intelligence to analyse, 

interpret and solve biological problems. The core principle of these techniques is to use 

computing resources in order to solve problems on scales of magnitude far too great for 

human discernment. The research in computational biology often overlaps with systems 

biology. Major research efforts in this field include sequence alignment, gene finding, 

genome assembly, protein structure alignment, protein structure prediction, prediction of 

gene expression and protein-protein interactions, and the modelling of evolution.  The huge 

amount of data involved in these research fields makes the usage of data mining and 

artificial intelligence techniques very promising. These techniques, starting from many 

sources, such as the results of high throughput experiments or clinical records, aims at 

disclosing previously unknown knowledge and relationships. [2] 

 

Different data sources became available in recent years. For example, DNA microarray 

experiments generate thousands of gene expression measurements and provide a simple 

way for collecting huge amounts of data in a short time. They are used to collect 

information from tissue and cell samples regarding gene expression differences. Compared 

with traditional tumour diagnostic methods, based mainly on the morphological 

appearance of the tumour, methods relying on gene expression profiles are more objective, 

accurate, and reliable [3].  
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Moreover, document collections of published papers are an interesting data source to 

retrieve background knowledge on specific topics. Analyzing the most relevant parts of 

research papers and performing on demand data integration for inferring new knowledge 

and for validation purposes is a fundamental problem in many biological studies. The 

growing availability of large document collections has stressed the need of effective and 

efficient techniques to operate on them (e.g., navigate, analyze, infer knowledge). Given 

the huge amount of information, it has become increasingly important to provide improved 

mechanisms to detect and represent the most relevant parts of textual documents 

effectively. 

 

Analyzing different data sources is necessary to model gene and protein interactions and 

build a knowledge background of biological processes. Microarray data analysis or 

Microarray gene expression analysis allows identifying the most relevant genes for a target 

disease and group of genes with similar patterns under different experimental conditions. 

Feature selection with classification or clustering algorithms is the most widely used 

approaches to face these issues. 

 

Feature selection indeed allows the identification of the genes which are relevant or mostly 

associated with a tissue category, disease state or clinical outcome. An effective feature 

selection reduces computation cost and increases classification accuracy. Furthermore, 

when a small number of genes are selected, their biological relationship with the target 

disease is more easily identified, thus providing additional scientific understanding of the 

problem. 

 

Clustering is a useful exploratory technique for gene expression data as it groups similar 

objects together and allows the biologist to identify potentially meaningful relationships 

between the genes. The genes belonging to the same cluster are typically involved in 

related functions and are frequently co-regulated. Thus, grouping similar genes can provide 

a way to understand functions of genes for which information has not been previously 

available. Another employment of clustering algorithms is to identify group of redundant 

genes and then select only a representative for each group to perform a dimensionality 

reduction [5][20]. 
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Although these techniques retrieve good models of biological processes, they are strong 

dependent by the data employed in the experimental analysis. Moreover, in many 

biomedical applications background knowledge is not available. Thus, text mining 

methods applied on published research papers may provide powerful tools to validate the 

experimental results obtained by other data analysis studies. Initially, analyzing and 

extracting relevant and useful information from research papers was manually performed 

by molecular biologists. In previous years summarization approaches allow facing with 

this problem in an automatic way[7]. 

 

The aim of this research is to exploit artificial intelligence and classification techniques on 

gene expression data to solve specific biological problems, i.e., i) identifying the most 

relevant genes related to a target disease, ii) grouping together genes which show a similar 

behaviour under different conditions, and iii) early diagnosis of critical life threatening 

diseases like Cancer, TB, H1N1 (Swine Flu) etc. by gene selection and classification. 

Particularly, a new hybrid feature selection method has been developed to identify the most 

relevant genes and thus improve the accuracy of prediction models for sample 

classification. Also apply this hybrid method to new datasets and validate the result. 

 

Various literatures have been proposed for gene expression analysis. Donna K. Slonim, Itai 

Yanai [6] aim to indicate the major issues involved in microarray analysis and provides a 

useful starting point for new microarray users. The conclusion of the paper is that it is 

possible for the researchers with no previous experience to study analysis of microarrays. 

The field has now available tools to analyze data effectively. The lot of efforts has to be 

put in data generation. E. T. Venkatesh, Dr. P. Tangaraj, Dr. S. Chitra [23], discusses the 

potential of applying machine learning techniques is very high for classification of 

malignancy in cancer on the basis of variation in gene expression.  

 

Hala M. Alshamlan, Ghada H. Badr, and Yousef Alohali [10], emphasize to use a gene 

selection process as a mandatory step before starting any cancer classification approach on 

a microarray dataset. J M Moosa, R Shakur, M Kaykobad, M S Rahman [16], presents 

method to select minimum number of genes that are significant for cancer along with 

improvement of predictive accuracy. Proposed method provides subset of genes leading to 

more accurate classification results while the number of selected genes is smaller. Khalid 

Raza [17], reviewed artificial intelligence based techniques for the analysis of microarray 
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gene expression data. Further, challenges in the field and future work direction have also 

been suggested. The conclusion is Microarray technology is one of the powerful tools used 

to measure genome wide expression levels of genes. As microarrays technologies have 

become more prevalent, the challenges associated with collecting, managing, and 

analysing the data from each experiment have essentially increased.  

 

Hala M. Alshamlan, Ghada H. Badr and Yousef A. Alohali [9],  proposes algorithm which 

is applied to a microarray gene expression profile in order to select the most predictive and 

informative genes for cancer classification. In the future, experimental results on more real 

and benchmark datasets to verify and extend this proposed algorithm. In addition this 

hybrid algorithm can be considered as a general framework that can be used to solve 

various optimization problems.  

 

Khalid Raza and Atif N Hasan [16], a comprehensive evaluation of ten state-of-the-art 

machine learning techniques for their accuracy in class prediction of cancer is done. As per 

their evaluation, Bayes Net gave the best accuracy for prostate cancer class prediction 

compared to other techniques. One of the biggest challenges is to develop a single 

classifier which is best suitable for classifying all types of cancer gene expression data into 

meaningful number of classes. Authors suggested nature inspired optimization techniques 

are successfully used in many challenging problems. Future work to hybridize nature 

inspired optimization techniques with different classifiers for better classification accuracy. 

 

III. Problem Definition 

As per the Literature review, here are the few research problems which can be addressed in 

the future. 

Data generated by Microarray experiments contain noise and are not much reliable. Hence, 

before the data is analysed, we must apply sophisticated noise removal and data 

normalization technique. 

Another biggest challenge is to develop a single classifier which is best suitable for 

classification of all types of gene expression dataset into meaningful number of classes. 
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Microarray data suffers from the curse of dimensionality, the small number of samples, 

and the level of irrelevant and noise genes. These make the classification task of a test 

sample a very challenging problem. 

Successful feature selection techniques will assist to correctly classify different cancer 

types and consequently lead to a better understanding of genetic signatures in cancers and 

would improve treatment strategies. So, future need is to develop technique to identify 

most predictive and informative genes for classification of gene expression data. 

IV. Objective and Scope of Work 

Microarray technology based gene expression analysis is one of most recent research 

topics in bioinformatics at present. The experimental part of this technology is already 

mature. Compared with this, the exploration of automatic analysis methods is still at its 

early stage. In this research, we study several machine learning (artificial intelligence 

based) approaches to solve several typical gene expression analysis problems. 

 

The main objectives of this research are: 

 

1. To explore the state of the art of Microarrays Technology and Gene Expression 

analysis techniques. 

2. To study and analyse various artificial intelligence techniques for Gene Expression 

analysis. 

3. Identify and study of various techniques of gene selection for classification 

problems. 

4. To develop hybrid gene selection algorithm using artificial intelligence techniques 

to solve classification problems. 

5. To apply hybrid gene selection algorithm using public datasets and validate the 

result. 
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V. Thesis Contribution 

The Objective of the research is to use machine learning (artificial intelligence) methods to 

solve the feature selection and classification problems arising from microarray gene 

expression dataset. The key contributions of the research are: 

1. A survey of state of the art to identify the major types of the feature selection and 

classification problems. 

2. A literature review on various state of the art feature selection and classification 

algorithms. 

3. Design and develop hybrid feature selection method to obtain high classification 

performance for high dimensional gene expression datasets.  

4. Perform systematic tests on artificial and real gene expression datasets. 
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VI. Methodology of Research 

The Research methodology followed in this research is as follows: 

A. Data Acquisition: A microarray gene expression dataset is generally represented 

as an N X M matrix, where N is the number of samples and M is number of genes 

involved in the experiments (Figure – 1). Various public databases are referred for 

gene expression data such as GEO omnibus, Expression Atlas, GEMS etc. 

 

Figure – 1 : Gene Expression Dataset Representation[5] 

B. Feature Selection / Optimization : It includes two phases, phase – 1 is of pre-

processing of gene expression data and phase-2 includes hybrid feature selection 

algorithm proposed in this research (Figure – 2). 

Below is the flow chart of hybrid feature selection algorithm. 

 

 

 

 

 

 

 

 

 

 

Figure – 2 : Basic flow chart of proposed feature selection algorithm 
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C. Classification : The most predictive genes obtained from above algorithm is 

classified using Naïve Bayes classifier and results are obtained. 

 

VII. Results & Comparison 

Dataset : Colon 

No. of Selective Genes Traced Results Accuracy(%) 

10 92.04 

15 93.62 

20 95.74 

34 100 

Table – 1: Colon Dataset with Traced Results 

Dataset : Leukemia 

No. of Selective Genes Traced Results Accuracy(%) 
6 100 

10 98.89 

20 96.23 

Table – 2 : Leukemia Dataset with Traced Results 

Dataset : 9_Tumors 

No. of Selective Genes Traced Results Accuracy(%) 

10 90.28 

15 92.32 

20 92.87 

Table – 3 : 9_Tumors Dataset with Traced Results 
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Comparison of Results 

Dataset  GA (%)  ACO / 

mAnt (%)  

ABC (%)  Proposed Algorithm 

(TR) (%)  

Colon 93.55 (12) 91.5 (8) 95.16 (20) 95.74 (20) 

Leukemia 100  (6) 100 (9) 95.83 (20) 96.23 (20) 

9_Tumors 85 (275) 85 (266) 91.67 (57) 92.87 (20) 

Table – 4 : Comparison of Proposed Algorithm with Existing Algorithms 

Note: Numbers in parentheses indicates numbers of selected genes. 

 

 

Figure – 3 : Comparison chart of proposed algorithm with existing algorithm 

As we can see in Figure – 3, proposed algorithm performs fairly stable with different types 

of datasets giving much more consistency in classification of genes using classification 
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VIII. Achievements with respect to Objectives 

A. As microarrays gene expression data contains noise and dimensionality problems, 

pre-processing steps such as normalization and dimensionality reduction methods 

are applied. 

B. Hybrid feature selection algorithm is proposed which combines exploration and 

exploitation capabilities of Artificial Bee Colony (ABC), Genetic Algorithm (GA) 

and Ant Colony Optimization (ACO).  

C. Best informative and predictive genes obtained from hybrid feature selection 

algorithm are classified using standard classifier such as Naive Bayes. 

D. As microarrays gene expression dataset suffers with classification problems, our 

proposed hybrid feature selection algorithm is a step forward to get accuracy and 

stability in results with gene classification under different datasets using existing 

classification techniques. 

 

IX. Conclusion 

Invent in microarrays technology also brought challenges such as high dimensionality 

data, noisy datasets, classification problems, clustering problems etc. In our research 

we have proposed hybrid feature selection algorithm to deal with classification 

problems of high dimensional datasets. The algorithm is divided into two phases. In 

first phase pre-processing technique is used to reduce the curse of noise and 

dimensionality. In second phase, actual feature selection algorithm is proposed which 

uses advantages of Artificial Bee Colony (ABC), Genetic Algorithm (GA) and Ant 

Colony Optimization (ACO). Algorithm is tested with virtual and real datasets and 

results obtained are comparatively stable with different datasets and better or at par 

with other existing algorithms. 
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