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ABSTRACT

Tuberculosis is an intracellular bacterial infection that attack organs of human
body system, it is a worldwide disease with high estimated number of death rate every
year. Microarray technology produces large amount of disease gene expression data
and provides opportunities mine the data to understand disease mechanisms at
molecular level. The aim of this study is to explore the usage of some tools available
for analysing human TB microarray gene expression data. The control stimulated
samples with phosphate buffer saline (PBS) and experimental unstimulated samples
of three different clinical forms of human TB microarray gene expression data such as
latent TB (LTB), pulmonary TB (PTB) and meningeal TB (TBM) were collected from
GEO-NCBI database and all analysis were performed by using Bioconductor R
packages. The results of this study, explore the use of affycoretool for microarray TB
image visualization analysis, AffyQCReport tool for TB microarray data quality
assessment, GCRMA method for TB microarray data normalization and LIMMA as a
statistical tool for the identification of significantly expressed genes of human TB.
According to LIMMA, there was a significant different between stimulated and
unstimulated tuberculosis and majority of the significantly expressed genes identified
were genes responsible for cellular immune response. The regulated genes identified
from the LIMMA analysis using Venn diagram indicated more decrease in rate of gene
expression than the increase in stimulated tuberculosis while show more increase in
rate of gene expression than decrease in unstimulated tuberculosis. Hierarchical
clustering (hclust) method was used to determine common expression pattern among
the three different clinical forms of human TB infection, it suggested that, hierarchical
clustering analysis distinguish different clinical forms of human TB infection. This
study recommended that the results generated from these findings can be used in
further analysis for detection and control of human TB infection.
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ABSTRAK

Batuk kering akibat daripada jangkitan bakteria intrasel yang menyerang
organ-organ sistem badan manusia, merupakan penyakit di seluruh dunia kadar
kematian yang tinggi setiap tahun. Teknologi microarray menghasilkan sejumlah besar
penyakit gen data ungkapan dan memberi peluang melombong data untuk memahami
mekanisme penyakit pada peringkat molekul. Tujuan kajian ini adalah untuk meneroka
penggunaan beberapa alatan yang disediakan untuk menganalisis microarray TB data
ekspresi gen manusia. Kawalan dirangsang sampel dengan penimbal fosfat masin
(PBS) dan ujikaji sampel tidak dirangsang daripada tiga bentuk klinikal yang berbeza
data ungkapan TB manusia microarray gen seperti TB terpendam (LTB), TB paru-
paru (PTB) dan TB meningeal (TBM) telah diambil dari GEO pangkalan data -NCBI
dan semua analisis telah dijalankan dengan menggunakan Bioconductor R pakej. Hasil
kajian ini, meneroka penggunaan affycoretool untuk microarray TB analisis visualisasi
imej, alat AffyQCReport untuk penilaian kualiti data microarray TB, kaedah GCRMA
untuk normalisasi data microarray TB dan LIMMA zdcvcsebagai alat statistik untuk
mengenal pasti gen yang ketara daripada TB manusia . Menurut LIMMA, terdapat
perbezaan yang signifikan antara dirangsang dan unstimulated batuk kering dan
majoriti daripada gen ketara yang dikenal pasti ialah gen yang bertanggungjawab
untuk tindak balas imun selular. Gen dikawal selia dikenal pasti daripada analisis
LIMMA dengan menggunakan gambar rajah Venn menunjukkan penurunan lebih
dalam kadar ekspresi gen daripada peningkatan batuk kering dirangsang manakala
persembahan lebih meningkat pada kadar ekspresi gen daripada penurunan batuk
kering tidakdirangsang. Hierarki kelompok (hclust) kaedah telah digunakan untuk
menentukan corak ungkapan biasa di kalangan tiga bentuk berbeza klinikal jangkitan
TB manusia, ia mencadangkan bahawa, analisis pengelompokan hierarki membezakan
bentuk klinikal berbeza jangkitan TB manusia. Kajian ini mencadangkan bahawa hasil
yang dijana daripada hasil kajian ini boleh digunakan dalam analisis selanjutnya untuk

pengesanan dan kawalan jangkitan TB manusia.
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CHAPTER 1

INTRODUCTION

1.1  Background of the Research

Tuberculosis is an intracellular bacterial infection that usually attacks the lungs
in the human body system, but it can infect other parts of the human body. The
causative agent of this infection is known as Mycobacterium tuberculosis. TB disease
Is a communicable disease that can easily be transmitted between the human being via
the inhalation process, when a person with pulmonary TB infection exhaled the
bacteria. The individuals nearby or those who live with others having active TB
infections, or smoking cigarettes, young children, alcoholics and intravenous drug
users, malnutrition, Patients with HIVV/AIDS or other immune system deficiencies can
become infected. Tuberculosis is a major cause of illness and death worldwide, but
most of the TB infections of about 90% to 95% are latent TB infections which does
not show any symptom of the disease. At 2012, 8.6 million meningeal TB cases were
estimated all over the world (WHO, 2013). Many of these infections occurred in those
with HIV infections and also most of these cases are occurring in developing countries
where the majority of people were having very weak immune system in their bodies
due to the lack of proper nutrition. The abilities of immune responses in the body
against facultative intracellular pathogens are dependent on the rich food items taken
by the individual (Kaufmann, 2002).


http://en.wikipedia.org/wiki/Mycobacterium_tuberculosis
http://en.wikipedia.org/wiki/Cigarette
http://www.medicalnewstoday.com/articles/179316.php
http://en.wikipedia.org/wiki/Developing_nation

Microarray is a new method for detection of thousands of DNA or RNA at one
time. Microarray technology is one of the technologies that contributes toward the
development of studies in the field of Molecular Biology. This technology deals with
the collections of DNA or RNA samples from microarray experiments and uses these
samples to measure the expression levels of large numbers of genes or the whole
genome of an organism, or to identify differential expressed genes or to determine
common expression pattern among the genes at a time. Microarray experiment
involves the growing of an organism, collecting of tissues, extraction of RNA or DNA,
hybridization and scanning process to generate microarray data. (Miller et al., 2009).
Microarray data analysis involves different steps and a number of variables because

the data sets are commonly very large.

Microarray is the combination of two complementary single-stranded DNA or
RNA to form a single double-stranded through base pairing to a very large number of
genes in which each gene is normally represented by more than one probe.
Microarray is used to determine gene sequence or to identify variations among genes
or expression. Microarray technology is a molecular technology that used genetic
materials of an organism to identify new genes for a particular character with their
expression levels and functions under different environmental conditions. This
technology is very useful in providing information about a particular disease and
possible way of controlling it. The first issue reported concerning the use of microarray
technology was that, 378 arrays of bacterial colonies was generated for gene
expression in normal and tumour tissues. With development more than 4000 human
gene sequences was generated using scanning process and image processing of
computer system to carry out quantitative analysis of human tumours and normal
tissues. The same process is also used to compare tumour tissues at different genetic
risk (Augenlicht et al., 1982; 1991). In 1995, microarray data for gene expression
profiling was first generated and used, and after which in 1997, a complete microarray
data of eukaryotic genome (Saccharomyces cerevisiae) were generated and published
(Schena et al., 1995; Lashkari et al., 1997).


http://en.wikipedia.org/wiki/Gene_Expression
http://en.wikipedia.org/wiki/Eukaryote
http://en.wikipedia.org/wiki/Saccharomyces_cerevisiae

Different microarray experiments were designed to analyse gene expression
and variations among the genes of an organism. This development in microarray
technology help medical personnel to diagnose different infections. Microarray is
currently used to analyse many different systems, including the classification of
microbes and human microbial pathogens, how body mechanisms of an infected
individual response to infections, drug and toxic exposures, tumour classification,
single nucleotide polymorphism detection, the detection of gene fusions, comparative
genomic hybridization, alternative splicing detection (exon junction array/exon arrays)

and gene expression profiling (Miller et al., 2009).

1.2 Statement of the Research Problem

Microarray technology is a technique that has evolved to allow the study of
genes that are being used in each particular cell throughout the body of an organism.
This technology allows the use genetic materials to analyse gene expression and
genetic variations among the living organisms, and also it contributed significantly to
the understanding of pathogenic mechanisms of different microbial infections and
provide knowledge of how drugs for treating such infections can be discovered. In
addition, microarray technology has been used to detect and monitor how body cellular

immune system of an organism's response to different infections.

Different studies of microarray indicated that, the whole-genome of
Mycobacterium tuberculosis was first studied and described using the amplicon arrays
(Wilson et al., 1999). Advancement of chronic TB infection using whole genome was
studied and later microarrays study is used to monitor the gene expression of
Mycobacterium bacterium responses to a different environmental conditions and to
measure exposure of these genes to antibiotics (Betts et al., 2003; Kaushal et al., 2002;
Rengarajan et al., 2005; Stewart et al., 2004; Voskuil et al., 2003). Samples of
tuberculosis were collected from the infected human lungs and transcriptional profile
of that sample was studied, the result shows that, number of genes are actively


http://www.wisegeek.com/what-is-a-microarray.htm

transcribed to prevent the attack from host defence systems (Rachman et al., 2006).
Microarray analysis of host immune response to TB infection and analysis of
microarray meningeal TB infection were performed (Gonzalez-Juarrero et al., 2009).
Microarray study on early lung immune responses to TB infections using mouse model
was also carried out (Dongwan et al., 2011). However, with all the significant
contributions of microarray studies to tuberculosis infection, still the major issues now
concern with this infection are detection and control. On the other hand also the
challenge with microarray technology is that, due to the large dimensionalities in
microarray data, it is very difficult to analyze microarray data despite availabilities of
many tools for analyzing microarray data, but the usage of these tools depends on the

objectives of the study.

In view of the above, this study explore the usage of some tools and a common
statistical tool available in Bioconductor R packages for analysing microarray gene
expression data of human tuberculosis infection under different conditions with

different objectives.

1.3 Significance of the Research

This research is immensely important to live all over the world in the following
ways: The study will aid in understanding molecular mechanism of tuberculosis
required of controlling the disease. It can be used as a source of information’s for future

studies.



1.4 Aims and Objectives of the Research

The aim of this research has been use already published microarray expression
data of three different clinical forms of human tuberculosis infection under different
conditions with different objectives as:

1. To process the microarray raw data of human tuberculosis infection
2. To explore a common statistical tool available for analysing microarray gene
expression data of human tuberculosis infection.

3. To determine common expression pattern of human tuberculosis infection.

1.5  Scope and Limitations

The research is exclusively theoretical in nature and no microarray experiments
were performed. Instead, only one set of microarray data was used of three different
clinical forms of human tuberculosis infection collected from GEO-NCBI database.
The research was limited to explore some of the tools and a common statistical tool
for analysing microarray gene expression data. The duration of the research was 5

months. FBME computer facilities were used to perform the analysis.
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