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ABSTRACT

This Clustering analysis method is one of the important methods which can influence clustering results directly.
Among all the clustering methods, k-means clustering is one of the most popular schemes owing to its simplicity
and practicality. In this paper weve discussed the standard clustering algorithm and analyzed the outcomes of
an enhanced k-means algorithm such that it is possible to calculate the distance between all data objects and all
cluster centre in each iteration which makes the efficiency of clustering high. This paper basically reviews the
method utilized in processing and analysis of gene expression data generated using microarrays. This type of
experiment allows determining relative levels of mRNA abundance in a set of tissues or cell populations for
thousands of genes simultaneously. We have proposed and implemented an enhanced k-means algorithm which
stabilizes and thereby increases the performance in terms of cluster output.

KEYWORDS: Microarray Analysis, Clustering Algorithm, k-means algorithm, Euclidean Distance similarity
Measure.

I. INTRODUCTION

In order to make proteins, the gene from the DNA is coped by each of the chemical bases into
messenger RNA (ribonucleic acid) or mRNA. The mRNA moves out of the nucleus and uses cell
organelles in the cytoplasm called ribosomes to form the polypeptide or amino acid that finally folds
and configures to form the protein.

All the DNA in the cell makes up the human genome. There are about 20,000 important genes located
on one of the 23 chromosome pairs found in the nucleus or on long strands of DNA located in the
mitochondria.

Gene Expression Analysis

The proper and harmonious expression of a large number of genes is a critical component of normal
growth and development and the maintenance of proper health. Disruptions or changes in gene
expression are responsible for many diseases. It is a term used to describe the transcription of the
information contained within the DNA, the repository of genetic information, into messenger RNA
(mRNA) molecules that are then translated into the proteins that perform most of the critical functions
of cells. Scientists study the kinds and amounts of mMRNA produced by a cell to learn which genes are
expressed, which in turn provides insights into how the cell responds to its changing needs. Gene
expression is a highly complex and tightly regulated process that allows a cell to respond dynamically
both to environmental stimuli and to its own changing needs [1][4][11]. This mechanism acts as both
an "on/off" switch to control which genes are expressed in a cell expression of particular genes as
necessary. Gene expression is the process by which a gene’s coded information is converted into the
structures present and operating in a cell. Gene expression occurs in two major stages: transcription
and translation. During transcription, a gene is copied to produce an RNA molecule (a primary
transcript) with essentially the same sequence as the gene; and during translation, proteins are
synthesized based on the RNA molecule [2][3][7][9].
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Microarray Data Analysis

Microarray technology is arguably the most important recent breakthrough in molecular biology. It
enables researchers to obtain snapshots of gene expression for all the genes in a genome in a single
experiment. Microarray experiments generate massive amounts of data that can be analysed to extract
new knowledge about the underlying biological processes.DNA Microarrays are small, solid supports
onto which the sequences from thousands of different genes are immobilized, or attached, at fixed
locations. Each spot on an array is associated with a particular gene. Each color in an array represents
either healthy (control) or diseased (sample) tissue .Functional genomics involves the analysis of large
datasets of information derived from various biological experiments. One such type of large-scale
experiment involves monitoring the expression levels of thousands of genes simultaneously under a
particular condition, called gene expression analysis [6][11]. Microarray technology makes this
possible and the quantity of data generated from each experiment is enormous, dwarfing the amount
of data generated by genome sequencing projects.

Analysis of Gene Expression Data

One of the reasons to carry out a microarray experiment is to monitor the expression level of genes at
a genome scale. Patterns could be derived from analysing the change in expression of the genes, and
new insights could be gained into the underlying biology.

Clustering

Clustering is a way that classify the raw data reasonably and searchs the hidden patterns that may
exist in datasets [3]. One of the goals of microarray data analysis is to cluster genes or samples with
similar expression profiles together, to make meaningful biological inference about the set of genes or
samples. Clustering is one of the unsupervised approaches to classify data into groups of genes or
samples with similar patterns that are characteristic to the group. Clustering methods can be
hierarchical (grouping objects into clusters and specifying relationships among objects in a cluster,
resembling a phylogenetic tree) or non-hierarchical (grouping into clusters without specifying
relationships between objects in a cluster) . An object may refer to a gene or a sample, and a cluster
refers to a set of objects that behave in a similar manner. The widespread use of DNA microarray
technology[2][6] to perform experiments on thousands of gene fragments in parallel has led to an
explosion of expression data. To handle such huge amounts of data on entities whose
interrelationships are poorly understood, exploratory analysis and visualization techniques are
essential. Clustering (the assignment of each of a large number of items to one of a much smaller
number of classes) is one widely used technique [1][4].

K-means clustering:

The k-means clustering algorithm is one of the popular data clustering approaches. The k-means
clustering algorithm receives as input a set of points and the number k of desired centers or cluster
representatives. With this input, the algorithm then gives as output a set of point sets such that each
set of points have a defined center that they “belong to” that minimizes the distance to a center for all
the possible choices of each set [5][7][13]. A drawback of the k-means algorithm is that the number of
clusters k is an input parameter [8].

The manuscript is organized as introduction in chapter I, then we talk about our methodology for
achieving the concept implemented in chapter Il, followed by our proposed idea and its
implementation in chapter 111, then results and discussion on our findings are put up on chapter 1V.
The last chapter V is the conclusion and the future direction of our research.

Il. RELATED WORK

The related work of clustering analysis can be divided into three categories. The first category is on
similarity measurements that may affect the final clustering results directly. Euclidean distance and
correlation coefficient are most popular similarity measures. The second category is on the clustering
methods, which are the core of clustering analysis and have received extensive attentions. The third
category is on validation techniques that are applied to evaluate the validity of the clustering results,
the suitability of parameters, or the reliability of clustering algorithms.[6][9][13][14]
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I1l. METHODOLOGY

At first need to define K centers, one for each cluster. These centers should be placed in such a way
that it should not be very close to each other in the same location because different location causes
different result. Better to place the cluster as much as possible far away from each other.
The next step is to take each point belonging to a given data set (cluster) and associate it to the nearest
center. If no point is pending, then the first step is completed and grouping is almost done. Assume X
= {X1,X2,X3,........ Xny be the set of data points and V = {vy,v,,....... Vet be the set of centers. After
these points need to re-calculate k new centroids which we have obtained from the previous step, this
is shown in equation (1) below,

v; = (1/6:-)Eji1_ X; (D

Where, ‘c;” represents the number of data points in i ** cluster. Now we have k new centroids, a new
binding has to be done between the same data set points and the nearest new center. So, a loop has
been generated. As a result of this loop the k centers change their location step by step until centers
do not move further.Measuring of the minimized distance is done by finding the square of the distance
between each point to minimize the distance by applying the formula given below in equation (2):
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‘||xi- vj|| " Euclidean distance between x; and v;
‘ci” is the number of data points in i" cluster.
‘e’ is the number of cluster centers.
Calculates stop condition. Stops if the point farthest from its centroid is within the average
distance value.

IV. PROPOSED SYSTEM

In the beginning we process and transform the given expression data. Next, we take the clustering
parameters to be used in the clustering algorithm. Then we calculate the Euclidian distance using the
equations (1) and (2).Calculate the stop condition.We stop the calculation if the point farthest from its
centroid is within the average distance value. The ovearall system design is given in fig 1.
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Fig.1: Overall design of the whole system
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BASIC ALGORITHM

1. Place K points into the space represented by the objects that are being clustered. These points
represent initial group centroids.

2. Assign each object to the group that has the closest centroid.

3. When all objects have been assigned, recalculate the positions of the K centroids.

4. Now again assign the object to each group that has the closest centroid.

5. After finishing the assignment need to recalculate the new distance of the centroid.

6. Stops if the point farthest from its centroid is within the average distance value.

7. If not then need to continue the above mentioned 3 to 5 no process.

The above algorithm is also depicted in fig 2 in a flowchart manner.

( Start )

Determine the number of centroids, K and 4
Initialize the set of centroids randomly
represented bv the objects

k

Assign the objects to the cluster with the
closest(Euclidean) distance between them

no

yes
Compute new centroids by recalculating the positions of K
centroids

Evaluate the distance and grouping based
on minimum distance

3‘-‘( end )

Fig.2: Flowchart of enhanced k-means clustering

V. RESULT ANALYSIS AND DISCUSSION
Suppose, we define five random clusters of five different colours and different attributes.

Tablel: Different gene clusters with their attributes

No. of Gene | Attributel Attribute2
clusters

A 1 1

B 2 1

C 4 3

D 5 4
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Fig. 3: Graph showing attributel Vs attribute2

Each gene cluster represents one point with 2 features- (x,y)
Initial value of centroid:
Assuming gene clusters A and B are the 1* two centroids (c1,c2)
Obiject centroid distance:
We need to calculate the distance between each cluster’s centroid. Now use Euclidean distance matrix
at iteration = [G 136 > ]
1 0283 424
In the above matrix, we are comparing the minimum values of gene clusters- A, B, C, D to specify the
initial centroid for iterationl.
Obiject clustering: Assign each gene cluster based on the minimum distance. We can call it as group
matrix, which shows that in which group we have assigned the gene clusters.

Go=ly 1 7 4]

First row forms groupl which includes only gene cluster A but the second row forms group2 which
includes only gene cluster B, C and D.

Iterationl:

Here we determine centroids. Since we know the members of each gene cluster, so, it is possible to
compute new centroids of each group based on this new membership.

Cl=(1,1)  Co=(—=,==)=(5 5

: 29
Distancematrix,Diz[.jL 5 36 gz; lEéEl]

Iterationl Object Clustering:
Gy = [l 1 0 CI]
a0 11
First row forms groupl which includes gene clusters A and B but the second row forms group2
includes gene cluster C and D.
Iteration2 (Determining second new centroids):

Cl= (1;211;1*}: gj 1
oo (22 290

5 05 7320 461
3 354 071 071
Iteration2 Object Clustering:
Ga = 1 1 0 CI]
- 00 11
Hence we can see, &; = G5.S0, we can conclude that it is not possible to group the gene cluster
further. Therefore enhanced k-means has reached its stability and no more iteration is needed.
The fig 4 and fig 5 shows the simulated scatter plots of clusters formed in five colors and two colors
format respectively.
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Fig. 4: Scatter Plot of clusters of five different colors
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Fig 5: Scatter Plot of clusters of two different colors

The average centroids of the cluster points of the different clusters are shown in fig 6 below.
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Fig. 6: Average centroid cluster points
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The following table 2 shows the result of number of clusters formed with variation of k values in
terms of different color representations.

Table 2: Results of clusters for different values of ‘k’
Input Expected result Remarks
When k=2 | Shows 5 different | Refer Fig 4

clusters of 2 different | Clustering

colours successful
When k=5 | Shows 5 different | Refer Fig 3

clusters of 5 different | Clustering

colours successful

VI. CONCLUSION AND FUTURE WORK

As per the random datasets used, we could achieve 5 different clusters of two different colours when
we made k=2 and followed by 5 different clusters of five different colours when we altered the value
of k=2 to k= 5. In our research we could justify our finding by achieving enhance performance and
increased cluster validity to simple k-means algorithm by reaching the stability without further
iterations required. But it was difficult to assess the validity/significance of the results. Even
“random” data with no structure can yield clusters or exhibit interesting looking patterns.

We could enhance this paper by taking on more real datasets in future and considerations of memory
requirements in today’s computing environment while dealing with huge dataset is a must and
efficient validation technique be applied which can also be looked into in this paper.
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