A SENSITIVE METHOD FOR DETECTING DINUCLEOTIDE ISLANDS
AND CLUSTERS THROUGH DEPTH ANALYSIS

Paul Gagniuc 1, Ddnut Cimponeriu 1, Nicolae Mircea Panduru 2, Monica Stavarachi 1,
. . 1 . . . vl
Mihai Toma ', Constantin lonescu-Tirgoviste 3 Lucian Gavrild

' Human Genetics and Molecular Diagnosis Laboratory, Department of Genetics,
University of Bucharest, Romania

* Department of Pathophysiology, “Carol Davila” University of Medicine and
Pharmacy from Bucharest, Romania

3 National Institute of Diabetes, Nutrition and Metabolic Diseases, Romania

Abstract

The field of bioinformatics is an essential asset for modern biology. In recent years,
after the appearance of GWS (Genome Wide Scan) studies, powerful bioinformatics
methods have been developed. In order to understand the genetic basis of various
diseases, especially polygenic diseases (diabetes, obesity and vascular disease), we
have implemented a dynamic method named "in-depth analysis" to detect and
interpret CpG islands, CpG clusters and other dinucleotide structures. In-depth
analysis is made through repeated tests with different dinucleotide thresholds.
GCLUSTER is our design for "in-depth analysis”". We tested GCLUSTER with
randomly generated DNA sequences, multiple genes from Homo sapiens and several

types of viral genomes.
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Introduction

In recent years we have witnessed a
tremendous increase of studies and algorithms
in many bio-related fields. Diabetes, obesity
and metabolic syndrome are complex
metabolic disorders whose genetic bases are
suggested by their heritability. In recent years,
36 loci were identified with type 2 diabetes
and some of them with both obesity and type 2
diabetes [1, 2]. Extracting useful information
from unstructured data, such as the human
genome, is not an easy task. Using text
solutions we can

processing acquire

significant information on gene-gene or gene-

protein interactions and their physiological
function. Software tools can answer various
questions that arise when taking a step
forward in the field of genetics.

of these
conducted on DNA sequences and particularly

Many studies have been
on dinucleotide structures, namely on CpG
sites (Cytosine - phosphate - Guanine) [3, 4,
5]. CpG islands are genomic regions (at least
200 bp) which contain a high frequency of
CpG sites (CpG ratio observed/expected
higher than 60%). CpG islands (CGlIs) also
known as HTF islands (Hpall tiny fragments)
[6] are
transcription start site (TSS) in the promoter

preferentially located near the
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region of housekeeping genes [7, 8, 9]. CpG
islands methylation is important in human
cancer research [10]. CpG sites methylation
within the promoters of genes can lead to their
low expression or their complete silencing.
Unmethylated CpG sites near promoters lead
to gene expression. A study made on Xenopus
showed that shorter CGIs

genome arc

functional [11]. Functional CGIs found in
Xenopus genome are not only smaller but also
have a lower G+C content. This proves that a
clear definition of CGIs has yet to be debated.
Small genes (up to 300b in size) are still to be
discovered. Very small CpG clusters (CGCs)
can highlight new genes that are not currently
detected through conventional methods.
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Figure 1. GCLUSTER program. The figure shows a screenshot of GCLUSTER program analyzing

TorqueTenoVirus genome. The chart at the top shows either dinucleotide or nucleotide frequencies. The
graph on the right shows the number of tests performed (x-axis) and the number of CpG islands and CpG

clusters found for each test (y-axis).

Other types of dinucleotide islands may
also be of interest for gene predictions. There
are several applications and methods
developed for locating CpG islands (CGlIs) in
DNA sequences, including EMBOSS CpGPlot
[12], CpGProD (CpG Island Promoter

166

Detection) [13], CpGIS [14], CpGIE [15],
CpGcluster [16] or CpG MI [17]. Most of
those methods rely on CGIs predetermined
thresholds (ie. length, CpG Obs/Exp ratio,
G+C content) [18]. All definitions of CGIs
rely on ad hoc thresholds. We use several
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thresholds to elucidate CGIs. The evolutionary
dynamics provided fault safe mechanisms in
mammalian genes. DNA transcription starts
near multiple alternative start sites after a CpG
island region [19]. The same fault safe
mechanism is observed for CGIs and CGCs
positions. CG content varies continuously and
CGIs decay or renew due to point mutations
and selection pressure [20, 21, 22] both in the
eukaryotic genomes and in smaller sequences
like virus genomes [23].

Material and Method

We downloaded the assembled human
genome (human build 37), several genes and
viral (i.e. Human Immunodeficiency Virus,
Torque Teno Virus genomes) sequences from
NCBI database. In this study we examined the
CGlIs and CGCs that lie within gene regions.
We wused sliding window techniques and
dynamic physical distances between two
neighboring CpGs to detect GC clusters.
Figure 1 shows the GCLUSTER program. It
uses depth steps (repeated tests with different
parameters) to elucidate the positions of CpG
islands and CpG clusters.

The
parameters. The first parameter is the sliding

program  requires two initial
window length. The second parameter is the
CG content used as a threshold (expressed in
percentage).

GCLUSTER can analyze DNA sequences
in two ways. The first type of test is the
normal analysis of CGIs which involves
setting a single CG threshold. The second type
of test is the in-depth analysis involving
several CG thresholds. For depth analysis, CG
content  thresholds are  automatically
incremented by the algorithm and the results

are plotted on a graph. CpG sites are not a

defining factor for GCLUSTER, the analysis

can be performed on all dinucleotide
combinations. The user can choose in depth
analysis on dinucleotide frequencies or C+G
percentage. GCLUSTER was tested on a
computer equipped with a 2.8GHz processor,
500MB RAM and 80GB HDD.

Figure 2 shows extensive tests conducted
for ten genes from Homo sapiens - GRCh37
primary reference assembly and viral genomes
like and Human
Immunodeficiency  Virus  (HIV-1) (all
downloaded from the NCBI FTP servers).

For all tests we used a sliding window of
100b in
performed for step thresholds from 1% up to
40% for HIV-1 and 10% up to 40% for

GRCh37 primary reference assembly genes.

Torque Teno Virus

length. In depth analysis was

The Y-axis maximum value for each diagram
is recalculated according to the maximum
number of CpG islands found.

GCLUSTER program has been written in
Visual Basic. It runs on all Windows operating
systems and does not require installation. The
package size is 1.77Mb and the memory
requirements are between 1.2Mb and 1.5Mb
(Windows 7 and Windows XP). GCLUSTER
can analyze DNA sequences up to 500kb. On
average, GCLUSTER scan speed is 1.5Kb/s
(i.e. CRHR2 gene of 30Kb is completely
scanned in 20 seconds). Another feature worth
mentioning is the GCLUSTER interface that
makes a dynamic correlation between the
diagram and the sequence. By moving the
mouse over the diagram, GCLUSTER selects
the appropriate plain text sequence. The aim
of the project is to act like a platform for other
future applications intended for different types
of studies on nucleic acids.
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Figure 2. CpG Islands vs. CpG Clusters. The figure shows ten genes from Homo sapiens - GRCh37 primary
reference assembly: BBS5, COL8A2, CRHR2, FGFR3, GHRHR, LEP, POMC, PCSK1, PROP1, STK25 (al -
al0) and five different HIV-1 genomes (b1 - b5). al) - al0) Each graph shows the number of tests performed
(x-axis) and the number of CpG islands (red line) and CpG clusters (blue line) found for each test (y-axis).
The step threshold used is 10% to 40%. b1) HIV-1 isolate SC24-40 envelope glycoprotein gene (HM991498.1),
b2) HIV-1 isolate GX84-59 envelope glycoprotein gene (HQ326146.1), b3) HIV-1 isolate GX79-7 envelope
glycoprotein gene (HQ326145.1), b4) HIV-1 isolate GX75-20 envelope glycoprotein gene (HQ326144.1), b5)
HIV-1 isolate GX45-57 envelope glycoprotein gene (HQ326143.1). The step threshold used is 1% to 40%.
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Conclusions

Hidden
architectures of complex diseases as diabetes,

information of genetic
metabolic syndrome and obesity can be very
hard to find without bioinformatics tools. Here
we propose this software, whose value will be
evaluated by processing genetic sequences
associated with diabetes, which can lead to a
better understanding of disease pathogenesis.
In this study, we showed a new method to
study dinucleotide structures. We focused on
clarifying the true size of CpG clusters and
CpG islands on a given DNA sequence. The

test included a systematic comparison of genes

from Homo sapiens and several viral
genomes. We also presented our program
called GCLUSTER which incorporates 'in
depth analysis' implementation.
This
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