Journal of Computational Intelligence in Bioinformatics
ISSN: 0973-385X Volume 4 Number 2 (2011) pp. 173-181
© Research India Publications
http://www.ripublication.com/jcib.htm

A Survey of Support Vector Machines and an
Analysis of DNA Methylation Information Processing
using an SVM based Online Methylator Software.

D.N.T. Kumar %2 Qufu Wei, Joseph Kost?, Fenglin Huang*
Tao Dan’, Li Jing" and Lu Bing*

Key Laboratory of Eco-textiles, Ministry of Education,
Jiangnan University, Wuxi, 214122, P.R. China.
?Laboratory of Controlled Release Systems and Gene Therapy,
Department of Chemical Engineering,
Ben-Gurion University of the Negev, Beer Sheva, 84105, Israel.
“Corresponding Author E-mail:tejdnk@gmail.com/qfwei@jiangnan.edu.cn

Abstract

Support vector machines (SVMs), are a set of related supervised learning
methods, that analyze data and recognize patterns, used for classification and
regression analysis. SVMs have been widely applied to many areas of
bioinformatics, including protein function prediction, protease functional site
recognition, transcription initiation site prediction and gene expression data
classification. In this survey paper, we discussed and highlighted, the
principles of SVMs and their applications, to perform the analysis, of mainly
DNA Methylation concept. Tutorial approach is adopted in our current paper.
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Introduction

Background theory and Historical Perspectives of SVMs

The original SVM algorithm, was invented by Vladimir Vapnik and the current
standard incarnation(soft margin), was proposed by Corinna Cortes and Vladimir
Vapnik. In bioinformatics, a demanding and tough task, is the classification and
prediction of biological data. With the rapid increase, in size of the biological data
banks, it is essential to use computer programs based on machine learning techniques,
to automate the classification process.”At present, the computer programs that give
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the best prediction performance, are support vector machines (SVMs).This is because
SVMs, are designed to maximize, the margin to separate two classes, so that, the
trained model generalises, well on unseen data. Most other computer programs,
implement a classifier, through the minimization of error, occurred in training, which
leads to poorer generalization”.[1-2]

“Classifying is a common task, in machine learning. Suppose some given data
points, each belong to one of two classes, and the goal is to decide, which class a new
data point will be in. In the case of support vector machines, a data point is viewed as
a p-dimensional vector (a list of p numbers) and we want to know whether, we can
separate such points with a, p — 1-dimensional hyperplane. This is called a linear
classifier. There are, many hyperplanes that might classify, the data. One reasonable
choice as the best hyperplane, is the one that represents the largest separation, or
margin, between the two classes. So we choose the hyperplane, so that the distance
from it, to the nearest data point on each side is maximized. If such a hyperplane
exists, it is known, as the maximum-margin hyperplane and the linear classifier it
defines, is known as a maximum margin classifier”.[1-6]

SVMs belong to a family, of generalized linear classifiers.”They can also be,
considered a special case of Tikhonov regularization. A special property, is that they
simultaneously minimize, the empirical classification error and maximize the
geometric margin, hence, they are also known as, maximum margin classifiers. A
comparison, of the SVM to other classifiers, has been made by Meyer, Leisch and
Hornik”.[7-10]

In searching for the best hyper-plane, ’SVMs find a set of data points, that are the
most difficult training points to classify. These data points are referred to as support
vectors. In constructing an SVM classifier, the support vectors are closest to the
hyper-plane and are located on the boundaries of the margin between two classes. The
advantage of using SVMs is that the hyper-plane is searched through maximising this
margin, because of this, the SVM classifier is the most robust and hence has the best
generalisation ability”.[ 11-16]

Background theory and applications of DNA methylation concept

“After every cycle of DNA replication, several modifications occur in the DNA.DNA
methylation is one such post-synthesis modification. DNA methylation has been
proven by research to be manifested in a number of biological processes such as
regulation of imprinted genes, X chromosome inactivation and tumor suppressor gene
silencing in cancerous cells. It also acts as a protection mechanism adopted by the
pathogen DNA (mainly bacterial against the endonuclease activity that destroys any
foreign DNA. In eukaryotes, methylation plays a vital role in gene expression
regulation. Furthermore, it has been observed that abnormal methylation of the DNA,
can lead to coordinate changes in expression of genes, resulting in cancer growth and
metastasis”.[17-25]

“The most common type of DNA modification, consists of the methylation of
cytosine in the CpG dinucleotide. Methylation in non-CpG sequences, is less frequent
represting up to 15-20% of total 5'-methylcytosine.CpGs are present at an average, of
one per 80-dinucleotides throughout most part of the genome. However, there are
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regions within the genome, where CpGs are around five times greater than the
average. These regions are known as CpG islands and comprise 1-2% of the genome.
CpG islands, have a high G+C content (greater than 50%) and a size ranging from,
200bp to several thousand base pairs”.[26-29]

Main function of DNA methylation is the repression of gene expression. Thus,
“methylation of CpGs may disrupt the binding, of certain transcription factors.”Also,
DNA methylation, promotes the association to the DNA of specific 5-methylctosine
binding proteins and other structural proteins, which results in the packing of the
DNA into a structure that is inaccessible to transcription factors. Not surprisingly, it
has been suggested that patterns of methylation may compartmentalize the genome
into transcriptionally active (non-methylated) and non-active regions (methylated).
DNA methylation, can alter the flow, of the genetic information and reprogram the
genome function and therefore it is recognized, as the major epigenetic modification.
Genomic methylation patterns, in non-dividing somatic differentiated cells are,
generally stable and heritable. However, there are instances where methylation
patterns, undergo significant changes to alter the phenotype”.[30-32]

Description of SVMs based Software Tools and their Bio-
Applications

The relationship, between levels of DNA methylation and gene activity has been
known for some time.”Many of the early procedures developed gave only somewhat
limited information about methylation patterns, for example, the total level of 5-
methyl cytosine in the genome or the frequency of methylation of cytosines, within
certain restriction sites”. However, in the last few years, there has been an explosion
of interest in DNA methylation and with it, many new and powerful techniques, have
been developed to facilitate its study.[16-19]

Ever since methylcytosine, was found in genomic DNA, this epigenetic alteration
has become a center of scientific attraction, especially, because of its relation to gene
silencing in disease.”There is currently, a wide range of methods designed, to yield
quantitative and qualitative information on genomic DNA methylation. The earliest
approaches were concentrated on the study of overall levels of methylcytosine, but
more recent efforts have focused on the study of the methylation status of specific
DNA sequences”.[18-23]

“Particularly, optimization of the methods based on bisulfite modification of DNA
permits the analysis of limited CpGs in restriction enzyme sites(e.g., combined
bisulfite restriction analyses and methylation-sensitive single nucleotide primer
extension) and the overall characterization based on differential methylation states”,
(e.g., methylation-specific PCR, MethyLight and methylation-sensitive single-
stranded conformational polymorphism) and allows very specific patterns of
methylation to be revealed (bisulfite DNA sequencing).”In addition, novel methods
designed to search for new methylcytosine hot spots have yielded further data without
requiring prior knowledge of the DNA sequence”. Quantitative assessment of DNA
methylation, has an important potential in applications for, disease diagnosis,
classification and prognosis in clinical settings.[30-35]
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Genetic information is not merely contained in the arrangement, of the four
nucleotide bases, but also in the “covalent addition of methyl groups to cytosine
within CpG dinucleotides. Methylation and related chromatin changes are important
processes in the regulation of gene expression. The relevance of DNA methylation
has been demonstrated in mammalian development, imprinting and X-chromosome
inactivation, suppression of parasitic DNA and various cancer types. The ability to
detect and to quantify methylation is particularly important to the field of cancer
diagnostics. Changes in the methylation status of DNA have the potential to serve as
an early detection marker for malignancies”.[28-35]

Free/Open Source and Online Software Tools/Reports used in our

Paper
FASTA Software and DNA Methylator Software Usage.

FASTA-Compares a protein sequence to another protein sequence or to a
protein database, or a DNA sequence to another DNA sequence or a DNA
library.

”DNA Methylator-Users can enter a nucleotide sequence in one of the standard
formats such as GenBank, EMBL, GCG or plain format. The method provides
the option of pasting the sequence in the text area or uploading the direct
sequence file. All non-standard characters except the four nucleotides bases
adenine, guanine, cytosine and thymine will be ignored from the sequence. The
method only allows the prediction for single sequence in one run of prediction
and there is limit size of 10, 000 nucleotides per query”.[22]

Additional Information that could be useful for an in-depth study

1. http://bio.dfci.harvard.edu/Methylator/index.html
1. http://fasta.bioch.virginia.edu/fasta www2/fasta list2.shtml
iil. http://www.premierbiosoft.com/molecular_beacons/dna-

methylation/index.html
v. http://www.ncbi.nlm.nih.gov/pubmed/14501188
V. http://www.ncbi.nlm.nih.gov/pubmed/12238773
Vi. http://en.wikipedia.org/wiki/Support_vector _machine

Analysis and Discussion
We have shown here a simple procedure using the concepts, described above, to
demonstrate our Viewpoint.

FASTA Software based Sequencing File of HomoSapiens(TTN), transcript
variantN2-B, mRNA

We reproduce here only “part of the sequence file”, as the length of the Sequence
is too long.
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>¢1|20143913|ref]NM_003319.2| Homo sapiens titin (TTN), transcript variant N2-B,
mRNA

AGCAGTCGTGCATTCCCAGCCTCGCCTCGGGTGTAGGGATTGCATAGAAA
AGCAAAACTACACAGTCTTGACTGTGTAGTTTTGTTTTTAGGATTAGAGGC
TCACCGATTCATGTCGGAGATGGTCAGAAAAACCAACTCTCCATAGGACG
TCGTTTCAGAAGCAACCTTGGGCTTAGTCCCACCCTTTTTAGGCACTCTTG
AGAAATCAAGTGCCTAGAAAGATGACAACTCAAGCACCGACGTTTACGCA
GCCGTTACAAAGCGTTGTGGTACTGGAGGGTAGTACCGCAACCTTTGAGG
CTCACATTAGTGGTTTTCCAGTTCCTGAGGTGAGCTGGTTTAGGGATGGCC
AGGTGATTTCCACTTCCACTCTGCCCGGCGTGCAGATCTCCTTTAGCGATG
GCCGCGCTAAACTGACGATCCCCGCCGTGACTAAAGCCAACAGTGGACGA
TATTCCCTGAAAGCCACCAATGGATCTGGACAAGCGACTAGTACTGCTGA
GCTTCTCGTGAAAGCTGAGACAGCACCACCCAACTTCGTTCAACGACTGC
AGAGCATGACCGTGAGACAAGGAAGCCAAGTGAGACTCCAAGTGAGAGT
GACTGGAATCCCTACACCTGTGGTGAA

DATA File 1: Sequence File used in our Simulation.
[This Example sequence file is taken from the FASTA Sequencing Software
Examples directory]
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Figure 2: Methylator Screen Shot to initiate the DNA Methylation prediction
Simulation. [ http://bio.dfci.harvard.edu/Methylator/].
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File Edit View Hisory Bookmarks Tools Help
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[ JSUSE Linux | ) Entertainment | JMNews | ]Internet Search | ) Refersnce | JMaps and Directions | ) Shopping | ] People and Compa

Methylator i

An SVM Based Method for DNA Methy lation Prediction

Home About References Developers Contact
Prediction Based on SVM Bazed
Sequence Name titin_hum.zeg
Threshold (Cutoff) -0.485
Prediction Date wed Nov 3 22:30:52 2010
Length of input sequence E2041

Prediction Results
methylated cyrosines of Cpa Dinucleorides are shown as larger red colered letters.

1 gatttttact aataagcagt cgtgcattcc cageoctCgeoc togggtgtag ggattgcata gaaaagcaaa actacacagt cttgactgtg tagttttgtt 100
101 tttaggatta gaggctcacC gattcatgtl ggagatggtc agaaaaacca actctccata ggacgtogtt tcagaagcaa ccttgggott agtcccacce 200

201  ttrttaggea  ctottgagaa  atcaagtgoc  tagamagatg  acaactcaag  caccgaCgtt  taCgcageCy  ttacasagog  ttgtggtact  ggagggtagt 300

301 acogcaacct ttgaggctca cattagtggt tttccagttc ctgaggtgag ctggtttagg gatggccagg tgatttcecac ttccactcty cocoggogtge 400
401 agatctoctt tagCgatggc Cgogotaaac tgalgatccc cogolgtgact aaagccaaca gtggaCgata ttcococtgaaa gocaccaatg gatctggaca 500
501 agCgactagt actgctgage ttctCgtgaa agctgagaca gcoaccaccca acttogttca aCgactgcag agcatgacCg tgagacaagg aagccaagtyg 600
601 agactccaag tgagagtgac tggaatccct acacctgtgyg tgaagttcta cfgggatgga googaaatcc agagcotcooot tgatttccaa atttcacaag 700

701 aaggCgacct ctacagorta  ctgartgoag  asgjoataccs  tgaggactoa  gggacctart  cajtaaatge  caccaatage  grtggasagag  ctacttCgas 800
2801 tgctgaatta  ctggttcaag  gtgasgaaga agracctgot  msasagacaa agacaartgt  rtCgactgot  cagatctcag  aarcaagaca  aacccgaart 900

201 gaaaagaaga ttgaagccca  ctttgatgoc agatcaattg caacagttga gatggtcata gatggtgocy ctgggcaaca  gotgccacat aaaacaccte 1000
1001 ccaggattec tcogaagcca  aagtcaagat cccocaacacc acogtctatt gctgccaaag cacagctgge  tCggcagcag tccccatoge  ccataagaca 1100

1101 ctcoccttec coggtocagac acgtgogggc accgacocca  totolggtca  ggtoogtgtco tocagcagoa  agaatctoca catcccccat caggtotgtt 1200

1201  aggtctocat  tgotcatg@g  tasgactcag  goatccacog  tggocacagg  tootgaagtg cotcococtt  ggaageaaga  gggetacgtg  gectoctcat 1300 =
Done .ﬁ
@ Computer Z [ [ Iscr-rAPERS - Fil. ” SVMBIOREVIEW .. ]I | Iseq - File Browser} ][ 27 Mitin_hum.seq | ~/.. H . An SVM based akg... l @ @ IIH)) Thu Nov 4, 6:42 Av | T

Figure 3: Methylator Screen Shot from our prediction simulation. Methylated
cytosines of CpG Dinucleotides are shown as larger red colored letters by the
Software.[http://bio.dfci.harvard.edu/cgi-bin/Methylator/main.pl]

We performed the DNA Methylation prediction, using the online SVM based
Methylator Software, from Harvard University, Cambridge, Massachusetts, USA.

Simulation File Details

Prediction Based on SVM Based

Sequence Name titin_hum.seq

Threshold (Cutoff) -0.455

Prediction Date Wed Nov 3 22:30:52 2010
Length of input sequence 82041

Conclusion and Future perspectives

DNA methylation contributes, to the control of gene expression and plays an essential
role, in cellular physiology. Well-defined patterns of DNA methylation, are
established and fixed during embryonic development and changes, in these patterns
may be a contributing factor in developmental disorders, cancer and aging. Not least,
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the possibility of using DNA methylation, as a marker for disease, has created a
strong need for techniques, to detect and measure DNA methylation. Different
techniques provide information on DNA methylation at different levels, spanning
from genome-wide methylation content to methylation of single residues in specific
genes. The limitations, of individual techniques strongly affect, interpretation of data.
In this survey, we discussed some general themes about DNA methylation analysis
and outline, the basic principles of current key techniques.

We discussed, the advantages of using SVM based computational techniques,
suggested some overall guidelines, that may be instructive for a rational choice of
methodology. As we have seen, from the published literature, the SVM boasts a
strong theoretical underpinning, coupled with remarkable empirical results across a
growing spectrum of applications. Thus, SVMs will probably continue to yield
valuable insights into the growing quantity and variety of molecular biology data.
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