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1. Abstract 

Global Expression cancer gene analysis 
using microarrays now offer 
unprecedented opportunities to obtain 
molecular signatures of the state of 
activity of diseased cells and patient 
samples. This groundbreaking approach 
of studying cancer promises to provide a 
better understanding of the underlying 
mechanism for tumorigenesis, more 
accurate diagnosis, more comprehensive 
prognosis, and more effective therapeutic 
interventions [1]. DNA microarray 
technologies allow measurement of mRNA 
expression levels for tens of thousands of 
genes in parallel [2]. This advancement in 
genome sequencing coupled with advent 
methods for empirical analysis of whole 
genome changes in RNA levels is 
therefore presenting biologists with new 
challenges in data analysis and difficulties 
in visualizing summaries of data while 
obtaining meaningful details [3-8].  

Visualization tools were therefore 
primarily developed to facilitate 
visualization of both hierarchical and 
quantitative information. Genome 
researchers require rapid access to 
details about genes such as map position 
within the genome, nucleotide and protein 
sequence. Size and color are two 
attributes that can be used to display 
quantitative differences in data using most 
visualization tools. Visualization  methods 
that enable the ability to simultaneously 
visualize multiple data attributes 
including the analysis of qualitative 

information about either gene families or 
biological function and quantitative 
information such as RNA level and p-
value simultaneously are very important. 

Several computational approaches have 
been developed to visualize and query 
microarray data including Spotfire [9] 
and Genespring [10]. In this paper, the 
comparative analysis of  two  other main 
visualization tools GeneXpress/MATLAB 
is described.  

2. Introduction 

Genetics has been the primary discovery 
engine for modern biomedical science. 
Genetics is the study of heredity and how 
traits are passed on through generations 
while Genomics is the study of genes and 
their functions. Every human cell (with 
some rare exceptions) contains 46 
(organized as 23 pairs) linear 
chromosomes (pieces of DNA). The 
chromosomes contain genetic 
information, which is organized into 
thousands of different ‘genes’. A gene is a 
stretch of DNA, which codes for a 
particular protein, whether it is a structural 
protein (a protein that makes up part of a 
structure of the cell, for example the cell 
wall) or an enzyme. A single gene will 
encode a single protein.  

The estimated total number of genes 
required to produce and maintain the 
functioning of an organism for example, 
higher eukaryotes, like humans has been 
estimated to be about 100,000. About 
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10,000 of these 100,000 genes are 
expressed (produce protein) in all cells. 
[11].  

Recently, many of the advances in gene 
study (genomics science) have been 
achieved through the use of microarray 
technology. It provides a method of 
collecting thousands of individual 
qualitative (such as gene category ) and/or 
quantitative (such as RNA level for an 
entire experiment), 
measurements/attributes simultaneously in 
a single sample.  

So far, genomic data analysis has been 
applied successfully in early drug 
discovery (target identification) and even 
preclinical (toxicogenomics) analyses 
during the past several years. However, 
the promise of genomic sciences has yet 
to even begin to approach its vast 
potential in pharmacogenomics (the study 
of the way a person responds to a drug, by 
studying the inherited variations in genes 
that dictate drug response. including 
negative, positive or no response) [12]. 
One major stumbling block has been the 
reluctance of pharmaceutical companies 
to incorporate this testing during clinical 
trials, due to the uncertainty of how the 
resulting data will be used by FDA. While 
information generated using microarrays 
is finding a number of applications in drug 
development, these data offer the greatest 
promise to improve human health in the 
area of pharmacogenomics and hence my 
interest in this area. 
 
Pharmacological studies have also used 
microarrays as a means of discerning the 
mechanism of action of therapeutic agents 
as a corollary to develop new drug targets. 
T he guiding principle in this endeavor is 
that genes regulated by therapeutic agents 
result from the actions of the drug. 

Identification of genes that are regulated 
by a certain drug could potentially provide 
insight into the mechanism of action of 
the drug, prediction of toxicological 
properties and new drug targets [13]. 
 
One of the most exciting areas of 
application is the diagnosis of clinically 
relevant diseases. The oncology field has 
been especially active and to an extent 
successful in using microarrays to 
differentiate between cancer cell types. 
The ability to identify cancer cells based 
on gene expression represents a novel 
methodology that has real benefits. In 
difficult cases where a morphological or 
an antigen marker is not enough to 
distinguish cancer cell types, gene 
expression profiling using microarrays 
can be extremely valuable.  
 
Microarray-based pharmacogenomics 
offers significant benefits far beyond drug 
development, especially in the area of 
clinical medicine by offering clinicians 
the ability to make more informed choices 
(rather than guess work) of the most 
effective therapy for patients.  
 
Programs that predict clinical outcome 
and to design individual therapies based 
on expression profiling results are 
underway [13].    

3. Background 

Some background information is as 
follows:  Microarrays are microscope 
slides that contain an ordered series of 
samples (DNA, RNA, Protein, Tissue). 
The type of microarray depends on the 
material placed on it, for example DNA, 
DNA Microarray, RNA, RNA Microarray 
etc. The most commonly used microarray 
is the DNA microarray. DNA Microarrays 
are ordered sets of gene-specific probes 
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fixed to a solid support to which 
fluorescently labeled samples (with 
reverse transcriptase – enabling RNA to 
bind to spots of cDNA) are hybridized for 
use in massively parallel gene expression 
studies. Since the samples are arranged in 
an ordered fashion, data obtained from the 
microarray can be traced back to the 
sample. This means that genes on the 
microarray are addressable [13].  

DNA microarrays are used to determine 
expression levels of genes in a sample, 
commonly termed expression profiling 
and the sequence of genes in a sample, 
commonly termed minisequencing for 
short nucleotide reads, and mutation or 
SNP analysis for single nucleotide reads. 
Often, huge data results from microarray 
analysis depicting protein-protein 
interactions as RNA binds to cDNA [13]. 
These data have to be stored analyzed. 

In general, gene expression experiments 
may include millions of individual data 
items resulting usually in huge numerical 
data sets, which are difficult to handle. 
The increasing complexity of the resulting 
genomic data presents several challenges 
for biologists. Limited computer monitor 
views of data complexity and the dynamic 
nature of data in the midst of discovery 
increase the challenge of integrating 
experimental results with information 
resources.  

A general concept for reducing data 
complexity is to reduce the dimensionality 
of the data. It is not possible to 
comprehend such an overwhelming 
amount of information without proper 
visualization methods. A number of 
clustering techniques have been used to 
group genes based on their expression 
patterns. The basic concept in clustering is 
to try to identify and group together 

similarly expressed genes and then try to 
correlate the observations to biology.  

Similarly, visualization and analysis of 
microarray gene data with tree map is 
another technique. The use of Gene 
Ontology with treemap to visualize and 
query genome data so far has enabled 
researchers to summarize results of 
quantitative analyses in that framework, 
but the limitations of typical browser 
presentation restrict data access. Treemap 
also allows user-defined filtering to focus 
on the data of greatest interest, and these 
queried files can be exported for 
secondary analyses.  

4. Goal of Study 

This study primarily investigated 
GeneXpress/MATLAB enabled gene data 
visualization tools for Genepix microarray 
data. Both tools visualization algorithms 
necessary for the efficient visualization of 
expressed genes in breast cancer disease  
(healthy, diseased  and drug treatment 
states) were evaluated. Breast cancer 
microarray data expressed at the three 
different stages were evaluated. 

The visualization tool contains specialized 
routines for visualizing microarray data, 
including box plots, loglog plots, I-R plots 
and spatial heat maps of the microarray. 
Using the Statistical tool box, results were 
classified. Hierarchical and K- means 
clustering representing microarray data in 
statistical visualizations, (two-dimensional 
clustergrams, principle component plots 
were evaluated. 
 
DNA Microarray data was chosen as the 
main data source for obvious reasons 
including the provision of reliable, robust 
and optimized gene sequences (cleaned 
data) resulting from the blocking of non-
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important DNA. Besides, information 
generated from microarrays provides an 
intricate and complex snapshot of the 
biological properties of a cell, tissue or 
organ.  

5. Data 

Genepix DNA microarray hybridized 
scanned images obtained from 3 
categories of clinical, disease and treated 
cancer genes were evaluated in this study.  

6. Study Approach 

This study’s primary approach will utilize 
the bioinformatics tools in GeneXpress or 
MATLAB to perform comparative gene 
visualization analysis and pattern 
classification of expressed genes.  
 
This study also evaluated broad range 
patterns in data by iteratively 
looking through visualized genome wide 
data to identify similar gene expression 
patterns between both tools as they relate 
especially to the genes expressed during 
the treatment stages. The Clusters 
Function tool will be used for the gene 
cluster analysis.  
 
This study was conducted in parallel to 
another DPS study in the same cancer 
genomics study area but geared towards 
diagnosis. Reliable real-time cancer data  
was utilized for this study. Free 
downloads of  GeneXpress software 
Version 1.0 [14] and MATLAB & 
Simulink Student version Release 14 [15] 
were used. 
 
GeneXpress /MATLAB software, 
reportedly are  powerful technical 
software that provide the computing 
environment for data analysis, 
visualization and algorithm development 

in several areas including computational 
biology. Their  bioinformatics toolboxes  
enable easy read of data from microarray 
files such as Affymetrix, ImaGene or 
GenePix and also from online databases 
such as GenBank, EMBL. PDB, and PIR. 
These two applications were evaluated for 
comparison 

7. Visualizing microarray data 

The GenePix GPR format file Human 
breast 2278 GENEPIX_data_706-
Breast_CNR.xls was used.. The steps 
followed were similar to those used in the 
MATLAB MOUSEDEMO Visualization 
Study.  

Visualization/analysis steps involved the 
exploring the microarray data set, 
reviewing spatial images of microarray 
data, statistics and scatter plots of the 
microarray data. The Cluster analysis tool 
was utilized in the evaluation of the 
generated clustergrams of the expressed 
genes for both tools.  

8. Results 

Both analysis tools were comparable in 
the breast cancer gene visualization 
analysis. The command gprread read the 
data from the file into a structure.  

 pd.ColumnNames enabled the read to 
the Structure name/Fieldname fields with 
the following  resulting spatial images of 
microarry data.  

The first twenty gene names were 
accessed using pd.Names(1:20). Spatial 
Images of Microarray Data 

The maimage command took the 
microarray data structure and created a 
pseudocolor image of the data arranged in 
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the same order as the spots on the array, in 
other words, a spatial plot of the 
microarray. The "F635 Median" field 

shows the median pixel values for the 
foreground of the red (Cy5) channel.  

figure 
maimage(pd,'F635 Median') 

 

The "F532 Median" field corresponds to 
the foreground of the green (Cy3) 
channel. 

Figure   maimage(pd,'F532 
Median') 
 

 

"B635 Median" shows the median 
values for the background of the red 
channel. Notice the very high 
background levels down the right side of 
the array. Areas of high color intensity 
signifies high level gene expression. 
Similar results were obtained at 
B635Median. 

The subplot command was used to put 
all the plots onto one figure.  

 

9. Statistics of the Microarrays 

The maboxplot function was used to 
look at the distribution of data in each of 
the blocks.  

10. Microarray Data Scatter Plots 

There are two columns in the microarray 
data structure labeled "F635 Median - 
B635" and "F532 Median - B532". 
These columns are the differences 
between the median foreground and the 
median background for the 635 nm 
channel and 532 nm channel 
respectively evaluated for both tools. 
These give a measure of the actual 
expression levels, though since the data 
must first be normalized to remove 
spatial bias in the background, These 
values should not be used without 
further normalization. However, in this 
example no normalization is performed.  

A simple way to compare the two 
channels is with a loglog plot. The 
function maloglog was used to do this. 
Points that are above the diagonal in this 
plot correspond to genes that have higher 
expression levels in the A1 voxel than in 
the breast as a whole.  
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This plot shows the distribution of points 
but does not give any indication about 
which genes correspond to which points. 
That is done by adding labels to the plot. 
As some of the data points have been 
removed, the corresponding gene IDs are 
also removed from the data set before 
they were used.  

11. Cluster analysis 

The function clustergrams were 
evaluated in hierarchical clustering. 

Comparable heat map and dendrogram 
of the data were obtained and a summary 
is represented. The simplest form of 
clustergram clusters the rows of a data  

set using correlation as the distance 
metric and average linkage. In this 
example the drug profiles are clustered 
and the heat map and dendrogram show 
that drugs with similar methods of action 
clustered together.  
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12.  Conclusion 

The GeneXpress/MATLAB tools were 
comparable in the functions studied. 
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