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Abstract: Gene expression plays a vital role in cell 

differentiation, development, and pathological behavior. 

DNA microarrays offer the ability to monitor the 

expression levels of thousands of genes in a cell 

simultaneously. One of the techniques to handle this 

large gene expression data is to use clustering techniques 

to understandthe structure and to identify the interesting 

patterns in the data.Many conventional clustering 

algorithms have been used or directly applied to gene 

expression data to identify the biologicallyrelevant 

groups of genes and samples. In this work, partitioning 

clustering algorithms such as K-Meanshas been applied 

to the Rheumatoid Arthritis dataset to group similar 

genes and evaluated the performance. 

 

Keywords: Clustering, Gene expression data, K-Means. 

 

1. Introduction 

Gene expression data are generated by DNA chips and 

other microarray techniques and they are often presented 

as matrices of expression levels of genes under different 

conditions. A microarray is typically a glass slide on to 

which DNA molecules are fixed in an orderly manner at 

specific locations called spots (or features). A microarray 

may contain thousands of spots and each spot may 

contain a few million copies of identical DNA molecules 

that uniquely correspond to a gene. 

Microarrays can be used to identify disease-related 

genes by comparing their expressive levels under normal 

and affected conditions. 

One of the major objectives of gene expression data 

analysis is to identify groups of genes having similar 

expression patterns over the full space or subspace of 

conditions. It may result in the discovery of regulatory 

patterns orcondition similarities. Clusters are expected to 

have similar functions. Most researchers address this 

issue by: (i) use either partition, hierarchical, density-

based, model-based or subspace clustering algorithms, 

based on the distance between genes or conditions in the 

expression matrix or (ii) giving equal weights to all  

 

 

 

conditions or all genes in the computation of gene 

similarity and vice versa. However, if the distance 

measure is properly selected, it may lead to the discovery 

of some similar groups of genes.  

     Hence, the objective of this work is to find an efficient 

clustering algorithm for analysis of Rheumatoid Arthritis 

Microarray gene expression data and to evaluate its 

performance. 

 

2. Literature Survey 

 
Briti Deb and Satish Narayana Srirama [1] suggested a 

technique to improve the efficiency of clustering 

algorithms to handle large dataset. The authors used 

Principal Component as a pre-processing step to provide 

a more efficient data structure to the parallel formulation 

of the sequential K-Means algorithm. Also, gave 

suggestion to use Simple Network of Workstations 

(SNOW) package to parallelize algorithms and speedup 

job execution, particularly for jobs like K-Means 

clustering which depends on random starting centroid 

locations. 

D. Asir Antony Gnana Singh et. al.,  [2] evaluated 

many clustering algorithms such as K-means, expectation 

maximization, and density based clustering and observed 

their performance on gene expression data sum of 

squared error and log likelihood measures. They realized 

that K-means and density based clustering method 

perform similarly in terms of sum of squared error. 

Daxin Jiang and Aidong Zhang [3] proposed a method 

in answering this challenge using clustering techniques, 

which are essential in data mining process for exploring 

natural structure and identifying interesting distributions 

and patterns in underlying data. 

Fang-Xiang Wu et al [4] proposed the classic K-

means clustering algorithm. It is a deterministic search 

and may terminate in a locally optimal clustering. In this 

paper, a genetic K-means clustering algorithm, called 

GKMCA, for clustering gene expression datasets is 

described. GKMCA is a hybridization of a genetic 

algorithm (GA) and the iterative optimal K-means 

algorithm (IOKMA). In GKMCA, each individual is 
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encoded by a partition table which uniquely determines a 

clustering, and three genetic operators (selection, 

crossover, mutation) and an IOKM operator derived from 

IOKMA are employed. The efficiency of the GKMCA 

and others algorithms are evaluated. It has been realized 

that its performance is better than that of IOKMA and 

some existing GA-clustering algorithms. 

G.Baskar and P. Ponmuthuramalingam [5] presented a 

comparative study of K-Means and Fuzzy C-means 

clustering algorithms over the colon tumor and leukemia 

datasets and observed that fuzzy C-means algorithm is 

than k-means.  

Gengxin Chen et al [6] used many clustering 

algorithms such as hierarchical clustering, k-means, PAM 

and SOM to analyze embryonic stem cell gene 

expression data using homogeneity and separation scores, 

silhouette width, redundant score and WADP indices. 

The results showed that the clusters generated by 

different algorithms were only partially consistent. 

However, the results may provide a guideline to select 

suitable clustering algorithms for microarray expression 

data analysis. 

Matthias E. Futschik and Nikola K. Kasabov [7] 

 used fuzzy c-means clustering algorithm to understand 

the structures in gene expression data inspite of its large 

noise component. FCM was able to detect genes 

belonging to different classes which may be helpful for 

further study on fine structures in microarray data. 

Muhammad Rukunuddin Ghalib et. al., [8] proposed a 

novel hybrid microarray gene expression clustering 

algorithm to improve the quality of clusters and reduce 

the memory requirements than the existing clustering 

algorithms. The algorithm has been validated using 

Hubert's Statistic Technique, Jaccard’s coefficient and 

Dunn’s Index.  

Sajid Nagi et al [9] proposed proximity measure 

which plays an important role in making a clustering 

technique effective.  

Satya Chaitanya Sripada and M.Sreenivasa Rao [10] 

used K-means and Fuzzy C-means algorithms to cluster 

medical data and evaluate the performance using purity 

and entropy validation measures. It has been observed 

that Fuzzy C-means clustering is good for medical data 

sets when compared to K means. 

Sharmila and R.C Mishra [11] compared the 

advantageous and limitations of K-means, EM and 

hierarchical clustering algorithms.   

Shweta Srivastava et al [12] proposed embedded 

approach for gene selection and clustering. 

U. Alon et al [14] proposed a fast two-way clustering 

algorithm to identify families of genes and tissues.  

 

Ujjwal Maulik, and Sanghamitra Bandyopadhyay [15] 

demonstrated the effectiveness of different validity 

indices and clustering methods in automatically evolving 

the appropriate number of clusters for both artificial and 

real-life data sets by varying the number of clusters from 

two to ten. The authors used three clustering algorithms 

namely hard K-Means, single linkage, and a simulated 

annealing (SA) based technique, in conjunction with four 

cluster validity indices, namely Davies-Bouldin index, 

Dunn’s index, Calinski-Harabasz index, and a recently 

developed index I. After determining the appropriate 

number of cluster, the SA-based clustering technique is 

used for proper partitioning of data into clusters. 

3. Methodology 

The methodology followed in this work is shown in 

figure.1. The original Rheumatoid Arthritis gene 

expression dataset was first subjected to preprocessing to 

remove the null values and then normalized to arrange 

the data within specified range. Then the data was 

subjected to different clustering algorithms to group the 

similar genes which in turn will be used to identify the 

potential gene groups. 

 
Figure 1. Proposed Methodology 

 

4. Clustering Algorithms 

Clustering algorithms are useful to group similar patterns. 

There are many types of clustering algorithms such as 

partitioning clustering algorithm, hierarchical algorithm. 

In this work partitioning algorithm is used. 

 K-Means Clustering in R 

R uses an efficient algorithm by Hartigan and Wong 

(1979) that partitions the observations into k groups such 

that the sum of squares of the observations to their 

assigned cluster centers is a minimum. Each observation 

is assigned to the cluster with the smallest value of:  

ss(k) = ∑ ∑ (x�	 − x�	)
γ

���
�
��� (1) 
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Implementation Details 

Introduction to R 

R is a language and environment for statistical computing 

and graphics. It is a GNU project which is similar to the 

S language and environment which was developed at Bell 

Laboratories (formerly AT&T, now Lucent 

Technologies) by John Chambers and colleagues. R can 

be considered as a different implementation of S. There 

are some important differences, but much code written 

for S runs unaltered under R. 

R provides a wide variety of statistical and graphical 

techniques, and is highly extensible. The S language is 

often the vehicle of choice for research in statistical 

methodology, and R provides an Open Source route to 

participation in that activity. 

One of R’s strengths is the ease with which well-

designed publication-quality plots can be produced, 

including mathematical symbols and formulae where 

needed. Great care has been taken over the defaults for 

the minor design choices in graphics, but the user retains 

full control. 

R is available as Free Software under the terms of the 

Free Software Foundation’s GNU General Public License 

in source code form. It compiles and runs on a wide 

variety of UNIX platforms and similar systems 

(including FreeBSD and Linux), Windows and MacOS. 

 

Dataset 

Rheumatoid Arthritis dataset has been selected to 

understand the working of basic clustering algorithms 

like K-Means in R. The dataset contains 22,632 genes for 

23 conditions. 

 

Performance Metrics  

The performance has been evaluated using the following 

2 metrics such as within-cluster sum of squares and 

between-cluster sum of squares. 

5. Result Analysis (R Programming) 

 
The dataset was clustered using K- means using R tool. 

Sample results of within-cluster sum of squares and 

between-cluster sum of squares are shown in Fig 2- 4 

respectively. 

 

 

Figure 2. Performance Evaluation of K means in R 

programming (WSS) 

 

Figure 3. Performance Evaluation of K means in R 

programming (Between SS) 

 

 
Figure 4. Influence of number of clusters on DB index  

 

6. Conclusion 
 

Clustering algorithm like K-Means was applied to cluster 

the Rheumatoid Arthritis dataset using R Programming. 

The performance of the clustering algorithm has 

beenevaluated using within-cluster sum of squares, 

between-cluster sum of squares and DB index values. 

The influence of the algorithmshas been studied by 

increasing the different numbers of clusters anditeration 

numbers. K-Means gives the better results than other 

algorithms. 
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