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ABSTRACT 

Gene expression profiling provides unprecedented opportunities to study patterns of 

gene expression regulation, for example, in diseases or developmental processes. 

Bioinformatics analysis plays an important part of processing the information 

embedded in large-scale expression profiling studies and for laying the foundation for 

biological interpretation. Over the past years, numerous tools have emerged for 

microarray data analysis. One of the most popular platforms is R, an open source and 

open development software project for the analysis and comprehension of genomic data, 

based on the R programming language. In this work use R analysis packages to 

demonstrate the workflow of microarray data analysis for different cancer forms 

annotation, normalization, expression index calculation, and diagnostic plots to 

pathway analysis, leading to a meaningful visualization and interpretation of the data 

which will help in gene product identification which will further help in drug discovery 

to combat the cancer progressions. 

1. INTRODUCTION

Microarray data analysis is becoming an increasingly integral part of biological research. 

Analysis of cell expression that would have previously taken months to perform can now be 

carried out in a matter of hours with the use of these miraculous chips. The analysis of gene 
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expression values is of key importance in bioinformatics. The technique makes it possible to 

give an initial answer to many important genetic type of questions. 

1.1 MICRROARRAYS 

A microarray is device that allows for fast and precise analysis of messenger ribonucleic acid 

(mRNA) directly from a cell. It consists of two parts: the chip and the optical reader. The 

chip is constructed from a plate of glass to which tens of thousands of cDNA genes are 

chemically attached in specific locations called spots.. The chip is then run through the 

optical reader which records the location and intensities of the fluorescent tags Hala .M. et.al, 

2013[1] 

 

 1.2 ABOUT 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. 

1.3 CANCER 

Cancer is one of the dreadful diseases, which causes a considerable death rate in humans. 

Cancer is featured by an irregular, unmanageable growth that may demolish and attack 

neighbouring healthy body tissues or somewhere else in the body. Milena B et.al, 2014[2]. 

 

2. LITERATURE REVIEW 

According to the works of Michael R et al, 2009[3] the Gene Expression Omnibus developed 

by the National Centre for Bioinformatics (NCBI) at the National Institutes of Health is a 

repository of nearly 140 000 gene expression experiments. Establishes a bridge between GEO 

and bioconductor. Easy access to GEO data from bioconductor will likely lead to new 

analyses of GEO data using novel and rigorous statistical and bioinformatics tools. 

http://www.gnu.org/
http://www.gnu.org/
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Facilitating analyses and met analyses of microarray data will increase the efficiency with 

which biologically important conclusions can be drawn from published genomic data. 

 

The work of Xiaosheng Wang 2012[4] on microarray analysis of ageing-related signatures 

and their expression in tumors based on a computational biology approach according to 

which ageing and cancer have been associated with genetic and genomic changes. The 

identification of common signatures between ageing and cancer can reveal shared molecular 

mechanisms underlying them. The convergent and divergent mechanisms between ageing 

and cancer were discussed. This approach provides insights into the biology of ageing and 

cancer, suggesting the possibility of potential interventions aimed at postponing ageing and 

preventing cancer. 

 

The work of Jing Hua Zhao and Qihua Tan 2005 [5] described both the motivation and 

prospects for using R as an integrated environment for genetic data analysis while a formal 

presentation of R and comparison with R systems might have been given the description has 

been deliberately kept informal. First it provides the flexible, integrated environment for 

statistical computing using an object –oriented programming language. 

 

3. AIMS AND OBJECTIVES 

• Implementation of R/bioconductor in microarray analysis of different gene expression 

data sets. 

• Analysis of different sets of microarray data of varied cancer types. 

• To analyze the cancer type chosen by using two, three or multiple groups. 

Determining the gene expression levels and comparing the experimental samples for control 

v/s the diseased datasets. 
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4. MATERIALS AND METHODOLOGY 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Flow chart of the work 

 

4.1 NATIONAL CENTRE FOR BIOTECHNOLOGY INFORMATION (NCBI): 

The0T 0TNational Center for Biotechnology Information0T 0T(NCBI) is part of the0T 0T32TUnited States 

National Library of Medicine 0T32T 0T(NLM), a branch of the0T 0T32TNational Institutes of Health32T. The 

NCBI is located in0T 0T32TBethesda, Maryland 0T32T 0Tand was founded in 1988 through legislation 

sponsored by Senator0T 0TPepper. The NCBI houses a series of databases relevant 

to0T 0T32Tbiotechnology0T32T 0Tand biomedicine. 

Selected the different cancer types starting with NCBI which was used to access the data for 

different cancer types obtained accession numbers through the geo datasets and submitted the 

accession number to the geo accession viewer 

4.2 GEO (Gene expression omnibus): 

GEO is a public functional genomics data repository supporting MIAME-compliant data 

submissions. Array- and sequence-based data are accepted. Tools are provided to help users 

query and download experiments and curated gene expression profiles. 

http://en.wikipedia.org/wiki/United_States_National_Library_of_Medicine
http://en.wikipedia.org/wiki/United_States_National_Library_of_Medicine
http://en.wikipedia.org/wiki/National_Institutes_of_Health
http://en.wikipedia.org/wiki/Bethesda,_Maryland
http://en.wikipedia.org/wiki/Biotechnology
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The geo dataset gives the accession number for different data sets the obtained accession 

number is submitted to GEO accession viewer. 

 

4.3 GEO2R: 

GEO2R is an interactive web tool that allows users to compare two or more groups of 

Samples in a GEO Series in order to identify genes that are differentially expressed across 

experimental conditions.  

The data obtained from GEO accession viewer was analyzed by using geo2r tool .Using the 

geo2R defined the obtained GSM files into groups which may be 2 or multiple groups. 

 

4.4 DAVID (Annotation tool): 

The database for annotation, visualization and integrated discovery. This tool suite mainly 

provides typical batch annotation and gene-GO term enrichment analysis to highlight the 

most relevant GO terms associated with the given gene lists. From the tabulated data copy the 

top 250 gene ID’s of particular type, was submitted to the DAVID functional annotation tool. 

 

4.5 BLAST2GO: 

Blast2GO is an ALL in ONE bioinformatics solution for functional annotation of (novel) 

sequences and the analysis of annotation data. Its main function is to assign information 

about the biological function of gene or protein sequences by making use of diverse public 

resources like comparison algorithms and databases. The software identifies already 

characterized similar sequences, and transfers its functional labels to the uncharacterized 

sequences. 

 

UConsider the example analysis of Esophagus Cancer 

Selecting the particular cancer type to obtain the acession number using NCBI and 

GEO.Accession Number: GSE19472 retrieved from GEO accession viewer and obtained 

complete summary of the cancer type. Analysis with GEO2R and obtaining the GSM 

files.Submit the obtained accession number in GEO2R tool for GSM files grouping. Defining 

the groups into 2.GSM files grouping has carried to make two or three data sets. Similarly the 

http://www.ncbi.nlm.nih.gov/geo/geo2r/
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data’s for different cancer types with different accession numbers being defined into groups 

of 2 or more, and the data is characterized. Data for top 250 genes.Analyzed with GEO2R 

and got the list of top 250 highly expressed genes, created the excel work sheets for the top 

250 genes. Copying the gene ID’s from the created excel work sheet. Copying of highly 

expressed top 250 gene ID’s from the created excel sheet is carried out in order to submit to 

the DAVID functional annotation tool. Uploading the gene ID’s to the DAVID functional 

annotation tool. From the tabulated data copied the top 250 gene ID’s of particular type, 

submit the gene ID’s to the DAVID functional annotation tool and annotation summary 

results are obtained. 

Pathway responsible for cause of cancer identified. There are different pathways involved in 

the cancer but we selected only the P53 signalling pathway and pathways in cancer. From the 

annotation summary results we have selected only P53 signalling pathway by referring the 

KEGG chart from which highly expressed genes with their official gene symbols were 

identified. The official gene symbols were submitted to the NCBI tool to get the gene 

sequences in FASTA format. From the NCBI mRNA and protein sequences were 

downloaded in the FASTA format for the obtained gene symbols. In this project we 

concentrating on Homo sapiens so that we have selected Homo sapiens mRNA sequence and 

protein, and the sequence summary for particular organism.FASTA format sequences for all 

the genes involved in the pathway are loaded as total sequence into the Blast2GO pro tool. 

After the sequences are loaded into the Blast2GO pro tool run the blast and interpro, mapping 

and annotation. The combined graphs for biological process, molecular function and cellular 

components for the given genes were identified by using graph tool. 
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Table 1: Collected data for the different cancer types with two group 

 

 

 

Fig. 2: Data sets of various types of cancers with two groups with the pathways involved and the genes involved 
in the cancer pathways with their gene symbols 
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Table 2: Collected data for the different cancer types with three groups 

 

 

 

Fig. 3: Data sets of various types of cancers with two groups with the pathways involved and the genes involved 

in the cancer pathways with their gene symbols 

 

5. RESULTS AND DISCUSSION 

Analysis of the microarray data of different cancer types with two or multiple group GSM 

files in the GEO datasets using the GEO2R analysis tool where normalization of the data and 

the identification of top 250 highly expressed genes is done and the gene ID’s are uploaded in 

the DAVID functional annotation tool to obtain the annotation summary results and identify 

the pathways involved in the cancer expression and the genes responsible for the cancer cause 

is identified with their gene symbols and submitted to the Blast2GO pro tool and sequences 

run with blast where DNA sequences are converted into proteins and with the interpro scan 

similar matches for the proteins are identified followingly annotation statistics are studied for 
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gene ontology distribution and direct gene ontology count for molecular function is made . A 

key goal of cancer studies is to systematically characterize the cellular molecular mechanisms 

involved in disease progression. 

 

5.1 ANALYSIS OF TWO GROUP DATASET USING GEO2R: 

 

 

Fig. 4: Result of value distribution in the form of box plot for the esophagus cancer with two group GSM files 

with accession number GSE1947 
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Fig. 5: List of top 250 highly expressed genes with their gene ID’s  

 

 

5.1.1 DAVID Annotation Tool Results. 

Gene ID’s were submitted to the DAVID annotation tool and for top 250 gene ID’s the 

annotation summary results were obtained as shown in the fig.6. followingly the pathways 

involved in the expression of a cancer was identified as shown in fig.7, P53 signaling 

pathway is analyzed as shown in fig 8, and the genes involved in the pathway of cancer were 

identified and their official gene symbols were recorded as shown in the fig 9. 

 

 

 

 

 

 

 

Fig. 6: Annotation summary results after submitting the gene ID’s to the DAVID functional annotation tool. 

Annotation summary results from DAVID annotation tool, from which the pathways 

involved in cancer were selected for further analysis as shown in fig.6. 
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Fig. 7: Selection of pathway involved in cancer 

 
Through the functional annotation chart, P53 signalling pathway is found ,responsible for the 

cause of cancer and is analysed further to know the genes responsible for the pathway as 

shown in fig.7. 
 

 
Fig. 8: P53 signalling pathway is analysed 

Analysis of P53 signalling pathway is done to know which genes are responsible for the 

pathway of cancer causing the Esophagus cancer as shown in fig.8. 
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Fig. 9: Genes involved in the pathway are identified and their official gene symbols are recorded. 

5.1.2 BLAST2GO Tool Results: 
 

FIG. 10: Results for the blast and proceed for the inter pro scan and mapping. 

All the FASTA format sequence of the genes responsible for the cancer are uploaded to the 

Blast2GO PRO tool to analyse through various functions of it such as visualization, 

management, and statistical analysis of annotation results as shown in fig.10. 
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Fig. 11: The sequence similarity distribution and E value distribution 

 

Through this chart, sequence similarity distribution can be analysed which denotes the 

distribution of all calculated sequence similarities (percentages), as shown in fig. 11. 

 

 

 

Fig. 12: Combined graph for the biological process. 
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Fig. 13: The combined graph for the molecular function. 

Fig. 14: Combined graph for cellular component 

This confluence score takes into account the number of sequences converging at one GO term 

and at the same time penalizes by the distance to the term where each sequence was actually 

annotated. Assigned sequences and scores can be displayed at the terms level as shown in fig. 

12, 13, 14. 
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Fig. 15: Blast statistics result 

When the recorded gene symbols are submitted to NCBI and the sequences in FASTA format 

are downloaded and loaded in Blast2GO tool. By using Blast2GO tool species distribution 

was analysed and this chart gives the distribution of different species to which more 

sequences were aligned during the Blast run, as we have selected Homosapien that shows 

maximum Blast Hit represented in the fig.15. 

Fig. 

16: 

Results of annotation statistics for biological process, molecular function, cellular component 

Cellular component consists of cell organelle, membrane enclosed lumen, macromolecular 

complex, extracellular region and the molecular function consists of depiction of binding and 

catalytic activity shown in fig.4. 
 

Fig. 

17: 
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Results of annotation statistics for biological process, molecular function, cellular component. 

 

By using Blast2GO tool the direct GO count was analysed and by using this chart ,which 

gives total number of protein binding, ATP binding, as shown in fig. 17. 
 

 

 

 

 

 

 

 

 

Fig. 18: Results of Gene ontology for biological process with pie chart 
 

By using Blast2GO tool the pie chart for the biological process was obtained and this chart 

represents a series of events such as growth, immune system process, localization, biological 

regulation which are effected by the cancer gene activity on them as shown in fig.18. 

 

 

 

 

 

 

 

 



International Journal of Scientific Engineering and Applied Science (IJSEAS) - Volume-1, Issue-3, May 2015 
                              ISSN: 2395-3470 

                                                www.ijseas.com 
 
 
 

280 
 

Fig. 19: Result of Gene ontology for molecular function with pie chart 

 

 

Fig. 20: Result of Gene ontology for cellular component with pie chart 

Through Blast2GO tool the pie chart for the cellular component was analysed and this chart 

represents a part of a cell lumen, extracellular region, membrane, macromolecular complex as 

shown in fig.20.  

Similar result analysis for 3 group data set is carried out. 

CONCLUSION 

Cancer is one of the dreadful diseases, which causes a considerable death rate in humans. 

Cancer is featured by an irregular, unmanageable growth that may demolish and attack 

neighboring healthy body tissues or somewhere else in the body. Microarray based gene 

expression profiling has been emerged as an efficient technique for cancer classification, as 

well as for diagnosis, prognosis, and treatment purposes. 

Microarray based gene expression profiling using R has become an important and promising 

approach that can be used for cancer classification. This project mainly gives an overview of 

the genes involved in the expression of the various cancer types with two or multiple group 

data’s as an example of the results mentioned above of the esophagus cancer with GEO 

accession number GSE19742 results which clearly depict the highly expressed genes with the 
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gene symbols CHEK1,GTSE1, CDK1,CCB1,RRM2 from which their functions, count of 

highly expressed genes, annotations, blast statistics, pathways involved in the gene 

expressions, gene ontology of biological process, gene ontology of molecular function, gene 

ontology of cellular components results were obtained, similarly it  is analysed for 20 varied 

cancer types. This is an important step for diagnosis and prognosis purposes. 

SCOPE OF FUTURE WORK 

Microarray data analysis using R programming cancer studies can be carried out 

systematically and characterize the cellular, molecular mechanisms involved in disease 

progression and highly expressed genes causing cancer has been identified.  

In future work for the highly expressed genes, their gene products will be identified which 

will be further help in the drug discovery to combat the cancer progressions. 
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