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ABSTRACT

Schizophrenia is a chronic, debilitating mental illness. Patients with schizophrenia have cognitive

decay and abnormal electromagnetic sensory gating. Schizophrenia is characterized by development
of psychopathology. Early stage of illness is characterized by disruption of oscillatory dynamics.
This is followed by deficient memory updating, information sampling and higher cognitive
functioning. Concept of schizophrenia has been changing regularly influenced mainly by the
scientific paradigms. It begins in early adulthood with men having the tendency of developing it
slightly earlier than women. Course and etiopathology have significant heterogeneity. ST8SIA2 is
our target gene. This gene codes for ST8 Alpha-N-Acetyl-Neuraminide Alpha-2,8-Sialyltransferase
2, which is a type 1l membrane protein that is thought to catalyze the transfer of sialic acid from
CMP-sialic acid to N-linked oligosaccharides and glycoproteins. Co regulated genes may share
similar expression profiles, may be involved in related functions or regulated by common regulatory
elements. There are different approaches to analyse the large-scale gene expression data in which the
essence is to identify gene clusters. This approach has been used to determine expression profiles of
previously described genes where raw data of patients was used as sample. The novel regulated
genes identified were analyzed by using in silico approaches such as Clustering (HCL, KMC) and
phylogenetic analysis. It was found that the genes CTIF and CELF5 were closely related to our gene
of interest ST8SIA2.
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INTRODUCTION

The definition of schizophrenia has evolved
through the six editions of the Diagnostic and
Statistical Manual of Mental Disorders [1].
Three major roots are reflected in all
definitions: a) the Kraepelinian emphasis on
avolition, chronicity and poor outcome
(Kraepelin, 1971); b) incorporation of the
Bleulerian view that dissociative pathology is
primary and fundamental and accent on
negative symptoms (Bleuler, 1950); and c)
the Schneiderian stress on reality distortion or
(Schneider,  1959).

is a chronic, debilitating

positive  symptoms
Schizophrenia

mental illness. Patients with schizophrenia

have cognitive decay and abnormal
electromagnetic sensory gating.
Schizophrenia is characterised by

development of psychopathology. Early stage
of illness is characterised by disruption of
oscillatory dynamics. This is followed by
deficient memory updating, information
sampling and higher cognitive functioning.
Concept of schizophrenia has been changing
regularly influenced mainly by the scientific
paradigms. Multiple symptoms of this disease
involve various aspects of cognition and
emotion. The strategy to target the neural
substrates involves identifying a single brain
region associated with a single symptom.

With the increasing number of evidence the

vital role of individual characteristics in
insight and illness state have been established.
The most commonly used definition of insight
includes a multidimensional concept [2-5] (1)
awareness of having a mental disorder, (2)
awareness of the need of treatment, (3)
understanding the social consequences of the
disorder, (4) awareness of specific signs and
symptoms of the disorder, and (5) attribution
of symptoms to the disorder [5, 6]. Lack of
this insight has been considered a core
symptom of schizophrenia, a psychological
coping mechanism aimed at preserving
emotional well-being, [7, 8] a result of some
cognitive or psychological dysfunction, [9,
10] a kind of neurological mechanism similar
to anosognosia, [11, 12] or a combination of
the above. Lack of awareness of illness, also
termed poor insight in clinical contexts, refers
to a patient’s seeming inability to recognize
his/her own illness or injury. The inexplicable
quality of poor insight, the denial of good
commonsense, and the dismissal of the
obvious all apply to lack of awareness of
illness whether seen in neurological or
psychiatric conditions. The phenomenon is
particularly common in schizophrenia where
it affects an estimated 80%-97% of patients
[2, 3] and impacts negatively on treatment

compliance, [7, 13] course of illness and
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prognosis, [4] and response to vocational
rehabilitation [7, 9].

A microarray is an array of DNA molecules
that permit many hybridization experiments to
be performed simultaneously. It can monitor
expression levels of thousands of genes at one
time. Microarray emerged in late 90s as a
high-throughput ~ technology  for  gene
expression analysis. It has become a powerful
tool for biomedical research [14]. In just a
few years, microarrays have gone from
obscurity to being almost ubiquitous in
biological research. Microarray Data Analysis
is one of the best and most widely used
techniques in bioinformatics to study gene
expression,  disease

diagnosis,  target

identification, gene  screening, marker
mapping and other developmental biology.
Raw data of this microarray work was
available at Gene Expression Omnibus (GEO)
Database. At the same time, the statistical
methodology for microarray analysis has
progressed from simple visual assessments of
results to a weekly deluge of papers that
describe various novel algorithms for
analysing changes in gene expression [15].
Various  microarray  gene  clustering
algorithms like hierarchical clustering, self
organizing maps and k-means are found
useful for discovering groups of correlated or

co-expressed genes potentially co-regulated

or associated to the disease or conditions
under investigation.

Microarray Experiment

Microarray is a novel technology that
facilitates the simultaneous measurement of
thousands of gene expression levels [16]. The
DNA microarray is made out of a glass,
plastic or silicon chip. This chip has many
microscopic DNA spots on its surface which
form the array. The DNA spots are known as
probes, because they are probing the sample
which is hybridized to the chip. The sample
which contains cDNA is called the target
since the probes match these targets.
Microarray experiments are typically made to
compare two or more samples which
represent two or more conditions, one being
for example a cell that has mutated into a
cancer cell and the other a normal cell [17].
We identified several genes not properly
expressed in the schizophrenia patients at the
MRNA

performed gene clustering of the raw

level. In this report we have
microarray data sets provided by Gene
Expression Omnibus (GEO) database at
NCBI.

Gene ontology gives a further insight about
cellular and molecular processes governing
expression of ST8SIA2. Using GENESIS’s
HCL (hierarchical clustering) and K-means

analysis, we found 24 harmful genes. The
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expression and function of these genes were
studied using GeneCard and Gene (NCBI).
Further phylogenetic analysis was done for
the harmful genes using MEGA 6.0. The
genes which were found to be closely related
to our target gene ST8SIA2 were CELF5 and
CTIF. These closely related genes can be
considered as potential novel targets to design
drugs for schizophrenic patients in near future
of biomedical research.

MATERIALS AND METHODOLOGY
Data Retrieval

The Gene Expression Omnibus is a publicly
accessible repository at
The high-

throughput molecular abundance data (mainly

http://www.ncbhi.nlm.nih.gov/geo .

gene expression data), which is generated by
DNA microarray technology is archived and
freely distributed by GEO. Fully annotated
MIAME

(Minimum Information about a Microarray

information is  supported in
Experiment) infrastructure. A huge range of
biological phenomena is addressed by about a
billion individual gene expression
measurements stored at GEO. 13 million gene
expression  profiles, for over 100
microorganisms , submitted by almost 1,500
laboratories are available for analysis. The
GEO Datasets Database stores curated gene
expression Datasets, as well as original series

and platform records in the Gene Expression

Omnibus (GEO) repository. Dataset records
contain additional resources including cluster
tools and differential expression queries. The
raw data for microarray data analysis was
obtained. The dataset record was GDS3938.
This data was for Homo sapiens. Citation:
Brennand K J , Simone A , Jou J ..(2011).
Title: Induced pluripotent stem cell-derived
neurons from Schizophrenia patients. The
reference series was GSE25673 and the
sample count was 24. For cluster analysis
Dataset soft file was downloaded. The
downloaded and saved raw data was then
copied to excel sheet. The total number of
genes present in raw data were 33298, which
also included data for control.

Normalisation

The average value for our gene of interest i.e
ST8SIA2 was found to be 7.08322. The raw
data was sorted and scaled by taking
logarithm at base 2 of R/G normalised (mean
) ratio. The data was normalised by the rule
that if missing value in a row is more than
80% then the
normalisation the number of genes left were
5029.

row was deleted. After

Genesis
Genesis was developed for the analysis of
gene expression at a large scale. It is a
platform

independent, easy to use and

versatile Java suite. Clustering algorithms
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present in genesis include hierarchical

clustering, self-organizing maps, k-means,
principal component analysis, and support
vector machines. Various tools for analysis of
the data like normalisation and visualisation
tools including filters are also present. The
transparent nature of the results obtained after
clustering for all implemented methods
enables thorough analysis of the outcome of
different parameters and algorithms. For
further investigations of mechanisms that
control transcription and to enhance promoter
analysis mapping of gene expression data
onto chromosomal sequences was
implemented

Clustering for data

Hierarchical clustering (HCL) is a method of
cluster analysis in which hierarchy of clusters
is made (Eisen et al., 1998). It can be either
divisive or agglomerative. The cluster was
obtained as output by using microarray gene
expression data .The tree obtained as output
contained all the given data in hierarchical
form. In accordance with gene expression
value co-expressed genes will come under
same cluster. With the help of different
correlation it was found that the correlation
which is suitable for this type of clustering
and gives the most appropriate output is
centred correlation [18]. After performing

manual sub-clustering 27 different clusters

were obtained. Then k means clustering was
done. K-means (MacQueen, 1967) is one of
the simplest unsupervised learning algorithms
that solve the well known clustering problem.
The procedure followed was that the number
of clusters (assume k clusters) fixed a priori
were the number of clusters obtained by
manual clustering. The parameters defined
were that the number of clusters were 27 and
the maximum iteration value of 2000 was
selected.

Comparison of clusters

Each and every cluster of HCL was compared
with the clusters of k-means (27 clusters).It
was found that our gene of interest ST8SIA2
was present in cluster number 6 of HCL and
cluster number 9 of KMC. All the genes were
studied independently. The gene list for the

clusters having common genes was prepared.

After manual study of all the genes,
potentially harmful genes were also screened
out.

Phylogenetic Analysis

Phylogenetic analysis helps in inferring

evolutionary  relationship  between  the
important genes screened out. Evolutionarily
related genes can have similar sequences i.e.
can be similar for various mechanisms at
level. This

molecular property can be

exploited for identifying potential drug targets
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against the proteins encoded by these harmful
genes.

RESULTS AND DISCUSSIONS

Prediction of co-expresses genes

Manual analysis of K means cluster and HCL
cluster showed that one cluster was found
which contained same genes by both HCL
and KMC.

Common genes in clusters

The genes of these selected clusters ‘seed

cluster’ can be used for further analysis. Both

cluster contain different number of genes
which show same gene expression. By
evaluating clustered genes in genesis and then
further analysing it was found that 24 harmful
genes were similar. For the genes which
appear in these clusters it can be stated that
they may also be responsible for
Schizophrenia. Through phylogenetic analysis
we have seen that CTIF and CELF5 genes are
closest to our target gene ST8SIA2 (Figure
1).
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Figure 1: Phylogenetic tree of most important genes

CONCLUSION
The results of the clustering obtained from
HCL and KMC algorithms indicate that genes

common in specific cluster (KMC 9 and HCL

6 ) have similar expression patterns. Thus, it
can be concluded that common genes of both
clusters are

differentially  co-expressed.

Comparative analysis can then be used as
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basis to draw the conclusion that co-
expression is present within the genes of same
clusters. CTIF nad CELF5 genes were found
to be most closely related to ST8SIA2 gene
which is responsible for Schizophrenia.
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