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Abstract

The completion of human and other genome sequencing projects through high throughput
sequencing approaches provides an opportunity to explore their byproduct, SNPs (single
nucleotide polymorphism). Among the short variants that occurred in human genome, SNPs are
more prominent than other variants. It is estimated that in human genome, there are more than
four million SNPs, which act as molecular markers to comprehend the genome. SNPs are also
used in agriculture for crop breeding and help in tracing the genetic disease and its susceptibility.
Furthermore, SNPs are precise and effective source to understand evolutionary mechanisms. In
this context, RFLP (Restriction Fragment Length Polymorphism), a commonly used technique to
genotype the SNPs, is effectively used to study the genetic disorders, DNA finger printing and
genome mapping. In this study, we developed a server VRSAP (Visual Representation of SNPs
and Polymorphism), which facilitates in combining SNPs and RFLP based data in a single
platform and largely helps in designing novel markers for genetic study. VRSAP mainly
comprises three modules namely, SNP, RFLP and SNP-RFLP. All these modules work together
for string and graphical visualization of SNPs and restriction sites. VRSAP generates a
hypothetical gel image to investigate the unique pattern of markers. VRSAP functionality
includes multiple species thereby aiding to understand the complexity among orthologs or
paralogs. This pipeline is also applicable to human population to uncover the common SNPs
with respect to their drug response. By using these features, a comparative study of disease
causing genes can be performed to design a specific drug. Finally, VRSAP functionality was
validated by the inclusion of transmembrane 106 protein gene family, which clearly indicated the
effect of SNPs on restriction pattern change. Taken together, the comparative view generated by

VRSAP is helpful in understanding the genome, gene family or even gene evolution.



Chapter 1 Introduction

1. Introduction

Biological sciences have undergone a continuous process of reshaping since 1990,
initiative of first sequencing project. The am of these sequencing projects was sequence
assembly, annotation and finally to develop archives for further analysis. This fascinating
step results into exponential and rapid growth that has boosted our knowledge,
concerning the genetic and genomic variations (polymorphisms). The key element behind
this accelerating velocity is the rapidly reducing cost of genome sequencing and it seems
that there will be no need of justification for “It is likely that we shall have all sequenced
genome in the near future’. Considerable efforts made for genomes understanding
brought an era of genetic polymorphism (DNA sequence differences among the genome
i.e. individuals, groups or populations). This distinctness is produced by sequence
repeats, insertion, deletions and recombinational events (Parvanov et al., 2009; Paigen et
al., 2010). Differences in eyes color and hair structure are simple examples of
polymorphism. Any disturbance induced in a process due to internal or external factors

contribute to polymorphism. The externa inducers may be viruses and radiations.

1.1 Mutation and polymor phism

Repeats, insertions, and deletions which created the diversity among individuals are
referred as genetic mutation. A phenomenon of a change in DNA sequence occurred
because of external agent which may results into disease and also not present in most of
individuals of specieistermed as mutation. Nucleotide substitutions are also responsible
for emanation of SNPs. Two types of nucleotide substitutions are transition and
transversion. First one, compelled for the substitution occurring in between the double
ringed purines or single ringed pyrimidines; second one is linked with inter substitution
between purine and pyraminidine. It is noted that transition counts for two third of all
SNPs which were occurred in a gene.

A nucleotide modification which caused a change in the ancestral DNA sequence of a
gene is known as SNP. To be an dldlic, a substitution must reach a level where minor
alele frequency (MAF) becomes greater than 1%, then it may be referred as the true

SNP. SNP is a self explanatory term which covers the sub terms like insertions and
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Chapter 1 Introduction

deletions, collectively known as the indels. SNPs might be the result of two processes:
first oneistheincorrect base incorporation during the DNA replication, an extremely rare
event where a misincorporation of a base occurs during the DNA synthesis. The
frequency of this process has been estimated to be approximately 10° -10%° per
nucleotide (Nachman and Crowell, 2000). The second one source for SNPs is in situ
chemical modification of a base.

SNPs can affect the gene at transcriptional, proteome and at genome level (Figure 1.1).
For example any change in the promotor provides an opportunity to control the gene

expression.

SNPs in this region
may be synonymo-

us and non synon- effect at proteome

ymous. First one level.
of SNPs mostly have no effect on
occurs with in pro- a.a. sequence. Seco-
motor region. nd do effect the a.a.

sequence.

' coding

Figure 1.1: SNPstypes. A gene consists of coding and non-coding region. Non-coding region

further comprises regulatory, splice site etc. SNPs occur in every segment of genes. Mostly
these are found in the non-coding region which might be theregulatory or splice siteregion.

In figure common types of SNPs are shown.

Dispersion of SNPs does not obey a uniform pattern as observed in human genome,
among chromosomes or even within a single chromosome. It had aso been observed that
sex chromosome shows more inflexibly toward SNPs as compared to other
chromosomes. Currently fashioned approaches indicate that SNPs concentrated about a

In Silico RFLP Simulation, incorporated with SNPs 2



Chapter 1 Introduction

specific region or within a single chromosome usually means a region of medical or
research interest. On the basis of precise and improved sequencing projects it is argued
that SNPs occur with an average of every 300 base pairs (Brookes, 1999). SNPs also
contribute in the phenomenon of eukaryotic genome plasticity (Fradin et al., 2003; Hube,
2004; Forche et al., 2009). SNPs have a wide spectrum of applications that can be
specifically reduced to qualitative markers, to solve the mystery of mixed quantitative
samples, dealing with genomic DNA and RNA transcripts (Chunming, 2007).

Human genome mapping project (HGP) had cropped up with sanction, authorize and
legal set of human single nucleotide polymorphisms (SNPs). This refined product with
emergent significance was unexpected and consequence of severa genome (cellular
organisms, vira etc) sequencing tasks. It may be termed as the secondary product of
those comprehensive projects. In depth knowledge of locus and sighting of SNPs by
using the resequencing technologies, results into first SNP map (International Human
Genome Sequencing Consortium, 2001; Sachidanandam, 2001). Furthermore; our
awareness towards SNPs provided a chance to understand the structure and role of
genome or its gene content. The SNPs present the most absolute and tightly spaced
system of genome landmarks, available at the moment. Moreover, SNPs also permit the
researchers to draft the linkage maps, actual and specific mapping of genes engrossed in
multifaceted disorders. Besides improved mapping, knowledge of SNPs a so facilitates us
with anew and captivating layer to increase our understanding towards human variability
and thus providing an opportunity to catch on disease susceptibility, common popul ation
variations and evolution. Above al, low mutational rate as compared to other
polymorphic markers makes SNPs an ultimate choice in exploring the evolutionary
history of populations.

Moreover, SNPs are under investigation to understand human disease gene mapping
(Wang et al., 1998), human evolution (Stoneking 2001; Bamshad et al., 2004; McCarthy
et al., 2008), pharmacogenomics, functiona proteomics, germ line gene therapy, somatic
cell genetic mutations and somatic cell gene therapy. SNPs are the crux essence of
genome that may provide a way to answer the enigma nature of human genetics. why

comparable number of genes in species at opposite ends of the evolutionary scale can
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Chapter 1 Introduction

create such extremely different levels of complication which are still remains to be

explored.

1.2 Experimental methods for genotyping the SNPs

1.2.1 PCR-RFLP

With an aim of genetic association study, one of the methods which can be the ultimate
choice for SNPs genotyping is PCR-RFLP. SNPs can be differentiated by utilizing RFLP
where the target is achieved by anayzing the patterns, derived from the cleavage of
amplified DNA. One short-coming of RFLP is its requirement of definite DNA amount.
However, this problem is overcome by exploiting the DNA amplification property of
PCR (Polymerase chain reaction) in shorter period of time which aso reduces the time
required for RFLP analysis (Kwok, 2001; Fan et al., 2006). Other experimental methods
include single strand conformational polymorphism (Orita et al., 1989), enzymatic
mutation detection (Youil et al., 1995), microarray or variant detector arrays (Wang et
al., 1998; Marshall and Hodgson, 1998; Ramsay, 1998; Hacia et al., 1999; Hacia and
Coallins, 1999; Dong et al., 2001; Qi et al., 2001; Yoshino et al., 2001), heteroduplex
anaysis (Lichten and Fox, 1983), MALDI-TOF (Griffin and Smith, 2000),
pyrosequencing (Ahmadian et al., 2006) and Invader assay (Olivier, 2005) are being
used to locate the SNPs.

1.3 Data serversfor SNP
The problem of data management, generated from the extensive experimental work is
being resolved by creating the data servers.

1.3.1COosMIC

COSMIC (The Catalogue of Somatic Mutations in Cancer) (Forbes et al., 2008) is
probably the most extensive worldwide source of information about somatic mutations
which were reported inside individual tumor. It merges curation from the scientific

literature together with tumor resequencing information, coming from the particular
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cancer genome project at the Sanger Institute, U.K. Practically 4800 genes of different
families and about 250,000 tumors have recently been reviewed thus, providing more
than 50,000 mutations. All these information are accessible for exploration and further
anaysis. The actual COSMIC website receives information through three unique sub
projects. explicitly technological materials (scientific literature), CGP resequencing task,
and the cancer cell line jobs. Access the main COSMIC home page at
http://www.sanger.ac.uk/cosmic.

1.3.2JSNP

JSNP (Hirakawa et al., 2002) is a database associated with Japanese Single Nucleotide
Polymorphism (SNP) information. It was started in early 2000 with the Prime Minister’s
Millennium Project (PMMP). The purpose of JSNP was to determine up to 150,000 SNPs
through the Japan populace, situated in gene or within surrounding regions that may
affect the code series of genetics. The task was completed by the cooperation between
Human Genome Center (HGC) within the Institute of Medical Science (IMS) and the The
Japan science and Technology Corporation (JST). Connected documents are obtainable at
http://snp.ims.u-tokyo.ac.jp/.

1.3.30MIM

OMIM: Online Mendelian Inheritance in Man (Hamosh et al., 2005) is the NCBI
phenotype data source, which catalogues the characteristics related to diseases and
disorders. Some time, it presents the results without any reference to the gene, a case
when no link has presently been explained for that specific query. For each entry in
OMIM, a distinctive number which were frequently used in literature is assigned. The
obvious distinction from other data sources is that, OMIM is actually managed through
NCBI and created individually in John Hopkins University. OMIM is accessible from

http://www.ncbi.nlm.nih.gov/omim.

1.3.4 The dbSNP database
NCBI dbSNP (Sherry et al., 1999; Sherry et al.,, 2011) is the primary data source

associated with SNP information which was fetched from the HGP (Human genome
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project). doSNP remained very active in order to gather al the information with respect
to SNPs from The SNP Consortium (Thorisson et al., 2003), Perlegen SNP genotyping
and HapMap (Clark et al., 2005; Goldstein et al., 2005; Hinds et al., 2005). The actual
SNP information tends to be frequently up-to-date within synchrony along with genome
rebuilds and makes sure the high quality associated with SNP locus mapping.
http://www.ncbi.nlm.nih.gov/SNP/ is the address where dbSNP can be found.

1.3.5 TheHapMap project

The actual worldwide HapMap project (Clark et al., 2005; Goldstein et al., 2005; Hinds
et al., 2005) premiered at the end of October 2002 using the mentioned purpose of
identifying the haplotype framework i.e. structure of human genome. HapMap objectives
can be estimated from their personal statement, “all typical human sequence variation,
offering information required to channelize the genetic research associated with clinical

phenotypes.” HapMap project can be found at http://hapmap.ncbi.nlm.nih.gov/.
1.3.6 Ensembl

Ensembl (McLaren et al., 2011; Kinsellaet al., 2011; Flicek et al., 2012) is the genome
informational databases along with substantial directories and tools, coming through the
vital part of the Sanger Center and EMBL within HGP. Ensembl is constantly on a way
of supplying the most annotated genome information coupled with the largest selection of
species along with genome evauation. In case of human SNP data and assisting
information, the Ensembl information is extremely closely related to the data which is
present in doSNP. Therefore there might exists a same selection methods to access the
NCBI or Ensembl, mostly resulting into exactly the same information, utilizing similar
frames with regard to searching and cross-referencing information for any research

activity. The web address for Ensemble is http://www.ensembl.org/index.html.
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1.3.7 The SNP consortium

The SNP Consortium (Thorisson et al., 2003) is actually operated by the Cold Spring
Harbor Laboratory resulting from general public relationship associated with seventeen
organizations. All data of this particular database includes more than 1.8 million loci,
which are classified in doSNP. Each directory of data lean to be completely cross-
referenced along with hyperlink outs, however, TSC (The SNP Consortium) also utilized
adifferent SNP locus recognition program. A primary objective of the consortium was to
build the very first compact SNP linkage map. This particular task came up with the most
important functions from the TSC data source to genotype with respect to SNPs, across
the Western (termed Caucasian), Africa as well as Chinese language populace. The SNP
Consortium can be traced at http://snp.cshl.org/.

1.3.8 HGVbase

Human Genome Variability Database (Fredman et al., 2002) includes amost more than
10 million records of human genome variations such as SNPs, Indels, as well as STRs.
HGVbase utilizes its own approach for locus recognition: the nine-digit number prefixed
along with SNP. Currently it is working with a vision of cataloging phenotype/genotype
at alarger scale. http://hgvbase.cgb.ki.se/ is the web address to reach at HGV base.

1.39ALFRED

Another substantial and significant Data source which reviews allele frequency with
respect to polymorphic markersis Allele Frequency Database (Cheung et al., 2000). It is
composed of more than 1501 loci, 475 populations, and 41,980 frequency tables.
Regrettably, the actual SNP information, kept in ALFRED is patchy and irregular (only
841 rs- numbers).

http://alfred.med.yale.edu/alfred/index.asp is the address where ALFRED can be traced.

1.4 Computational tools

Availability of data servers results into a number of computational tools and softwares.

Various computational tools are:

In Silico RFLP Simulation, incorporated with SNPs 7
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1.4.1 SNP cutter

Zhang and his colleagues (Zhang et al., 2005) explained an online application, ‘SNP
Cutter’ that styles PCR-RFLP assays on a set allied with SNPs from the human genome.
NCBI, dbSNP rs IDs or formatted SNPs are likely to be pasted in to the SNP cutter as
inputs which in turn utilize restriction enzymes from the pre-selected listing for enzyme
digestion. This program has the ability of creating primers with regard to possibly natural
PCR-RFLP or mismatch PCR-RFLP, based on the SNP sequence information. SNP
Cutter provokes the information, required to assess, review and to carry out genotyping
experiments. The actual SNP Cutter is accessible at
http://bioinfo.bsd.uchicago.edu/SNP_cutter.htm.

1.4.2 SNP-RFLPing 2

The main purpose of SNP-RFLPing 2 (Chang et al., 2010) is to offer extensive PCR-
RFLP information along with functionality regarding to SNPs. The information used by
SNP-RFLPing 2 is assessed from HapMap project, tag SNPs, gene ontology- dependent
searching, miRNAs, and SNP500 Cancer. For an accessed SNP with an objective of
multiple specie analysis gene centric investigations are performed. The RFLP restriction
enzymes and the correlated PCR primers for natural as well as the mutagenic types for
every SNP tend to be examined at the same time.

1.4.3 SNP2CAPS

SNP2CAPS (Bikandi et al., 2004) helps to understand the actual computational
transformation associated with SNP markers into CAPS (cleaved amplified polymorphic
sequence) marker (Parsons et al., 1997). An unmarked computer application called
SNP2CAPS functions on a simple algorithm which requires the actua verified multiply
aligned sequences for restriction sites detection. After that a selection pipeline that allows
the deduction of CAPS candidates by the identification of putative alternative restriction
patterns. While implementing this algorithm any primer pair flanking the SNP site may
be suited for CAPS marker analysis and evauation. SNP2CAPS will not measure the

specialized effectiveness and usefulness of the recommended restriction patterns, which
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means that in some instances the actual analysis of restriction sites tend to be (i) crowded
towards the edges from the PCR fragments or even (ii) crowded to some 2nd restriction
site to permit resolution of the size of polymorphic DNA fragments within agarose gel.
This particular tool was actually created within Perl and it can take multiple alignments

as inputs because of AlignlO Bioperl module’ s components.

1.4.4 PineSAP

The Pine Alignment and SNP Identification Pipeline (Wegrzyn et al., 2009) offers a
high-throughput treatment for SNP conjecture, utilizing multiple sequence alignments by
using re-sequencing information. This particular pipeline combines the crossbreed
associated with server scripting, current resources and machine learning approach which
boosts the speed and precision associated with SNP calls.

This pipeline introduced by the PineSAP worked on Unix/Linux system. This tool was
implemented by using Perl. PineSAP uses Phred (Ewing et al., 1998) and Phrap
(Machado et al., 2006) in order to effectively and precisely dea with call bases and then
aligns re-sequencing reads. Subsequent alignment, SNPs and indels tend to be recognized
with the Polyphred (Nickerson et al., 1997) and Polybayes (Marth et al., 1999) deals.
Sequence-based info is actually pulled out and prepared via a supervised machine
learning algorithm to accept or reject the actual SNP predictions. The address to locate
the PineSAP is http://dendrome.ucdavis.edu/adept2/resequencing.html.

1.4.5 SPR Opt

SNP and PCR-RFLP Optimization (Gardner et al., 2005) functions extensively, to
provide whole-genome investigation to be able to forensically discriminate numerous
sequences. SPR Opt computes amost all SNPs or even PCR-RFLP variants found in the
actual sequences and organizes al of them into haplotypes based on their own co-
segregation throughout the sequences. It works in combinatory fashion to find out which
sets are associated with haplotypes and offer maximum discrimination from entered
sequences. Phylogenetic trees are developed depending on SNPs, PCR-RFLPs, and entire
genomes, in comparison with respect to SARS virus. It proposed that phylogenies
supported by SNP or PCR-RFLP variants usualy do not complement with those

In Silico RFLP Simulation, incorporated with SNPs 9
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depending on multiple sequence alignment of the full genomes. The software and source
code for SPR Opt is publicly avalable and free for non-profit use at
http://www.lInl.gov/IPandC/technology/software/softwaretitles/spropt.php

1.4.6 SNPselector

A web-based application, SNPselector (Xu et al., 2005) requires a set of gene names or a
set of genomic locations as a query and then it finds the respective obtainable SNPs in
Ensembl. This categorizes the type of SNPs on the basis of tagging with respect to
linkage disequilibrium, SNP allele frequencies, resource, functionality, regulating
potential and repeat status. SNPselector results can be downloaded as a compacted Excel
spreadsheet file. SNPselector isfreely available at http://primer.duhs.duke.edu/.
SNPselector is actualy applied within object-oriented PERL. The primary component
could be operated by UNIX command-line tools. Additionally, it gives a specia CGI
package. A local MySQL data source (http://www.mysql.com/) stores all the SNPs as well
as associated genome-annotated information. SNPselector uses the downloaded
information from HapMap project (http://www.hapmap.org), The SNP Consortium
(Thorisson et al.,, 2003) (http://snp.cshl.org/), JSNP  (http://snp.ims.u-
tokyo.aiconditioning.jp/), Affymetrix (http://www.Affymetrix.com/), Perlegen, Ensembl

and UCSC genome browser.
1.4.7 SNPPicker

SNPPicker (Sicotte et al., 2011) improves the selection of tag SNPs through typical bin-
tagging applications to develop and customized genotyping panels. This application form
utilizes a multi-step lookup technique in conjunction with the statistical model to increase
the actual genotyping achievement from the chosen tag SNPs. SNPPicker was created
within Perl and java. It is available at http://mayoresearch.mayo.edu/mayo/research/bio

stat/software.cfm.

1.4.8 SNP-PHAGE
SNP-PHAGE (Matukumalli et al., 2006) is a SNP discovery pipeline with additional

features for identification of common haplotypes within a sequence tagged site
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(Haplotype Analysis) and GenBank (dbSNP) submission. It was created within Perl and
utilized a MySQL with a purpose of database development. In order to boost the actual
effectiveness associated with a SNP prediction, a machine learning tool which was
produced by the same team is incorporated as part of this particular bundle as an
optionally available function. The SNP-PHAGE software program pipeline is an
amalgam of UNIX/Linux command line and internet browser interface. It was practicaly
implemented within Perl and utilized regular free modules for example Bioperl. For full
functionality, SNP-PHAGE still needs some other deals, for example Phred (Ewing et al.,
1998), Phrap, CrossMatch (Phrap 2006), PolyPhred (Nickerson et al., 1997), PolyBayes
(Marth et al., 1999) and C4.5 (Quinlan et al., 1993). All these applications are openly
available for educational purpose utilization, provided at SNP-PHAGE web site. The
SNP-PHAGE package is being made available a an open source at
http://bfgl.anri.barc.usda.gov/ML/snp-phage/.

1.4.9 SNPL ogic

SNPLogic (Pico et al., 2009) combines information about the genetic events associated
with SNPs (gene, chromosomal region, functiona location, haplotype tags along with
transcription factor binding sites, splicing sites, miRNAs as well as evolutionarily
conserved regions), genotypic information (allele frequencies for each per population and
validation method), coverage of commercial arrays (ParAllele, Affymetrix and [llumina),
practical forecasts (modeled upon structure and sequence frameworks) and associations
or set up links (biological pathways, gene ontology conditions as well as OMIM disease
terms). Therefore, SNPLogic may be used to trace, to prioritize applicant SNPs and
evaluate the customized and commercial arrays panel. It enables you to recognize and
discover the SNPs annotation by using the pathway and functional prediction scores
information. Features at the front end of website with respect to SNPLogic were created
within PHP and powerful dynamic HTML/JavaScript while the back end was maintained
through the Mysgl5. Accessible address for SNPLogic is http://www.snplogic.org.

1.5 Aim and objectives
All the experimental methods mentioned above have certain limitations and always there

arises a question mark on their performance and accuracy. Experimental methods using
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the DNA sequencing methodologies are athough rapid in their processing but at the same
time they are highly expensive. Other methods like single strand conformational
polymorphism have shortcoming with their fragment length and the temperature
variation. Moreover, pyrosequencing approaches require the read length improvement.
MALDI-TOF (Griffin and Smith 2000) like techniques require high expertises and
established lab as well. To compensate these drawbacks of experimental techniques,
various computational efforts have been made, also discussed in 1.3 sections. All the data
servers, covered earlier can easily be classified into two categories, First one is general,
dealing with SNPs data coming from all populations e.g. Ensembl, HapMap project and
dbSNP and the second one is specific, accumulates the data from a specific population
like JSNP database. Although they also have other information but their primary
objective involves the specific population. Same trend had been observed in the current
tool development trends such as SNP Cutter, SNP-RFLPing 2 and SPR opt are
specialized for the PCR-RFLP analysis while other, SNPSelecter are for genetic study
across the population. Currently, according to our knowledge there is not a single tool or
a server which exploited the SNPs and RFLP across the orthologs and paralogs with
incorporation of hypothetical gel image.

To fill this gap we have developed a server, VRSAP (visua representation of SNPs and
Restriction Fragment Length Polymorphism) which generates the sequence string map
and displays graphical image for SNPs and RFLP results. In addition to SNP and RFLP
modules, VRSAP aso combines both SNP and RFLP modules. SNP-RFLP modul€’'s
string map highlights the SNPs which occurred in restriction sites. This module also
provides the graphical view of string map, coupled with the hypothetical gel image,
concerning with multiple sequences. We believe that VRSAP can be a conclusive and
informative tool in the following areas. genetic studies (involving the genetic markers
and disease causing gene), evolution, gene families evolution, mutational rate across
different genes or species, paralogs evolution, tracing the evolutionary conserved
restriction sites, locating the recently governed restriction sites, creating SNPs and RFLP

map, finding the origin of different species and primer designing.
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2. Materialsand M ethods
The web application, VRSAP was implemented within PERL and JavaScript along with
HTML (Hyper Text Markup Language) support. It contains applications for
computational evaluation of SNPs, RFLP and both at species and populations levels.
Flowchart for thistool is shown in figure 2.1.

l

Data Storage

Gel analysis
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Figure 2.1: Schematic overview of VRSAP working. A. Input of gene names and their
species. The input module is validated by input validation module in interaction layer (See
2.1). B. Depending upon the user’s input, a connection with external server is created and
theretrieved datais stored in database and files. C. Thisis a processing phase where SNP,
RFLP and SNP-RFLP analyses are applied, depending upon the request made by the user
in input module. D. Thislayer representsthe output from the processing layer.

In order to effectively cope with actua required job, numerous segments or modules
associated with VRSAP, created within Perl as well as CGlI, lying down within three
levels. These levels are composed of modules which tend to be developed whilst
maintaining their own self-employed behavior and reusability.
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Eclipse (http://www.eclipse.org/), ActivePerl (http://www.activestate.com/activeperl),
WAMP: Windows Apache MySQL PHP (http://www.wampserver.com) and Mozilla
(www.mozilla.org/) were used to create and test the VRSAP. Whole working environment
isshown in figure 2.2.

Eclipse is an SDE (software advancement environment) mainly implemented within the
Java. It also offers a program with flexible working environment, which allows a greater
number of aternative plug-ins. This particular element of Eclipse has the ability to
perform development along with different languages besides java for example Perl, PHP,
Python, R, Ruby and others. Presently we utilized eclipse classic 3.7.2. To operate Perl
scripts a plug-in, named EPIC was installed.

>

Figure 2.2: Working environment of VRSAP

To read the Perl script, active Perl from the ActiveState was utilized to apply and
implement the application. There are lots of active Perl versions available from
ActiveState like: 5.12.1.1201, 5.8.9.826, and 5.10.1.1007, we used the 5.10.1.1007
because of its compatibility with the Bioperl. WAMP (stands for the Apache, MySQL
and one of PHP, Perl or Python) tend to be individually acting program system that

In Silico RFLP Simulation, incorporated with SNPs 14



Chapter 2 Materials and Methods

makes use of the actual Microsoft windows operating systems. WAMP server has a
bundle of features which supplies the actual GUI for MySQL data source for
management. It also provide a server option for scripting different languages like Python
or even Perl, referred to as phpMyAdmin. Firefox is a web browser which was
continuously utilized to trace the outcome from our scripts.

VRSAP works in three layers (all the layers and their modul€’ s functionality are shown
in Figure 2.3). Its first layer, known as the Input layer controls the factors and objects
that count the overall representation, inputs, validation and lastly transferring the
submitted values to the second layer. Processing involved in VRSAP is made possible by
the second layer, known as the processing layer. All processes concerning SNPs, RFLP
and SNPs-RFLP analysis are fulfilled in this layer. Processing layer is also called as the
active layer of VRSAP. Output layer, a third layer is used to generate the results and
their representations (Figure 2.3).

Interaction Layer Connection Layer Processing Layer Output Layer

Interface Mod

1. Navigational Bar

2. Guidelines

3. Objects Representation
4. SNP page

5. RFLP page

6. SNP-RFLP page

Input Mod
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Affirmation of
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Ensembl Mod

1. Ensembl Connection

2. Ensembl AP|
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4. Ensembl variation
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Storage Mod
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2. Files
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Gel Image

1. Gene sequence
2. Bioperl

Figure2.3: VRSAP layersand their corresponding modules
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2.1 Interaction layer

Interaction layer consists of three modules, specifically User interface module, Input
module and an affirmation module known as Validation module. A primary objective
associated with the interaction layer is to interact with the active user after which it

confirms the validation of forwarded inquiries.

2.1.1 Interface module

Primary or index web page, symbolizing the web application along with minor
explanation and keeping the actual navigationa bar, hyperlinks to some other supplied
options is created and supported through the user interface module. Every object and its
attributes (color, textual content and the last one (body table), which presents VRSAP
entire look) is designed in this module. The primary goal associated with user interface
module is to help the user through illustrations along with the graceful images. The
navigational bar provides the user an entry to some other web pages within short time.
Furthermore, textual content by means of recommendations, guidelines, information and
functionality circulation for rendering the results can be quite ideal for the users. User
interface module components are created and applied within the HTML and graphics are
developed by utilizing the Photoshop.

2.1.2 Input module

The predicaments and jobs aimed by the users were dealt with the second module from
the interaction layer that inlayed within the user interface module, known as input
module. Submission choices consist of gene and specie names. These types of demands
tend to be pasted within the textual content form and several multiple select boxes. Both
the gene and the specie names are used for the SNP analysis, whereas for RFLP and
SNP-RFLP analysis, an additional effort is required that is to check mark the interested
restriction enzymes; enlisted nearer to other input options. In short, VRSAP was made
interactive by introducing the input module (written in the HTML and closely connected
to CGI and JavaScript scripts).
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2.1.3 Input validation module

It is a process of checking and validation of inputs. Input validation module, third and
the last module of interaction layer is responsible for the dealing with illegalness of
submitted queries. Input validation module was written in the JavaScript and then
incorporated in the HTML. This module first checks whether the gene name is present or
not and also checks either the specie name is selected from the select box for a gene. In
case of RFLP and a complete SNP-RFLP analysis, input validation module also confirms
that the restriction enzymes are marked (chosen) or unmarked. After the validation of
gueries the values are passed to the next layer, connection layer (section 2.2) and the

processing layer (Section 2.3).

2.2 Connection layer

VRSAP whole activity is primarily dependent on the data retrieved from the externa
sources such as Ensembl. For this purpose, a connection was established with external
server, Ensembl by utilizing the Ensembl API. Whole process occurring in ensembl

connection module was connection layer, second layer of VRSAP development.

2.2.1 Ensembl connection module

To deal with multiple queries, submitted in input module, there is a need of datawhichis
obtained from the external server by creating a link, using Ensembl API. This electronic
communication was controlled by the ensembl connection module which utilizes the
Bio::Ensembl::Rigistery module of Ensembl APl followed by a method call,
load_registery form_db. This method first makes sure either user and host name is
provided or not. As Ensembl API came into functiona form by using the Perl, to
approach it Perl language is used to write the ensembl connection module. In order to
fetch the data for the SNP and SNP-RFLP analysis, ensembl connection module first
connects with the core source of Ensembl for the retrieval of genesrelated data, specified
in input module then it moves towards the variation sources of Ensembl with a gene
name query to rescue the variation records. For RFLP analysis, it only ties the Ensembl

core source as there is no need to aly with variation source. Every time when a new
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input submission takes place in input module, this module creates a new connection with

Ensembl.

2.2.2 Dataretrieval module

After the satisfactory validation and successful connection to Ensembl, the requested and
addressed records are fetched by the data retrieval module. Data retrieval module
operates by using Perl and it works on ensembl connection module by creating the gene
adopter objects and making a call to different methods of Ensembl APl module through
the ensemble connection module objects. For example to get the requested gene data
with gene name inquiry this module invokes the external_name method with gene
adopter objects which have the information from the ensembl connection module. Other
inquires also includes variation requirements which are gained by introducing the
slice_adopter. These slice adopters also depends on ensembl connection for their proper
functioning. Accomplishing the job, data fetching assigned in the input module all the
data and records from the Emsembl core and variation sources are now ready for storage.
For the sake of this purpose various objects are transfer into the storage module.

2.2.3 Storage module

Third and last module of connection layer is storage module. Here all the objects and
instances having the data as properties from the data retrieval and ensembl connection
module undergo a process of storage. Storage module has different modes for storage:
one of them is the creation of relation database. A relational database comprises the
tables designed for data storage in columns and rows. In case of VRSAP, a database with
a name “ensemble’ was created in which three tables exit namely restriction, gene and
variation. The restriction table contains all the information about restriction enzymes.
Rebase (Roberts et al., 2010) is the main source of restriction enzymes for the restriction
table. Restriction table stores different information such as the enzyme name, its
recognition site, and its source, rebase ID etc.
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Figure 2.4: Database created with name “ensembl”. Tables with names gene, re run,
restriction, run_value, sr_run, variation and variation2 are shown on left. Their structure

and action are shown on right side of theimage.

Second table of ensembl data base, gene is created with an objective to provide a
container for al gene related data i.e. gene name, specie and gene sequence etc.
Variation table stores the variation properties of gene objects. This table contains the
alele and position of adlele etc. WAMP server was taken into account for this database
development as shown in figure 2.4.

Second mode of storage was file. Various attributes of gene object like sequence, ID and
variation related objects were also stored in the file to facilitate the end user to download
the data in future for further analysis. As the data retrieval module works on ensembl
connection module in the same way, connection layer modules provide a platform for the

processing layer modules.

2.3 Processing layer

This active layer performs a number of processing on data obtained from the connection
layer to treat with SNP, RFLP and SNP-RFLP. For these purposes, sub processing
module are designed which work in awell defined division of labor. For SNP analysis, a
sub processing domain was designed in which different objects, created in data retrieval

and storage module comparisons were made available with a purpose to mark the SNPs
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on the gene sequence. The comparison of slice and gene adopter’s resulted into the SNP
map.

Another sub processing module utilizes the KMP agorithm (Knuth et al., 1977) with
intentions of tracing recognition sites of restriction enzymes, marked in input module.
Two functions of algorithm i.e. preprocessor and KMP chase the location of recognition
site on gene sequences and store them in an array of locations. Third sub processing
module joins both above mentioned sub-processing modules to achieve the SNP-RFLP
related jobs with an additional constraint, SNPs in restriction sites.

Moreover, a graphical intend sub-processing module, known as gel sub processing
module uses the bioperl modules to generate a graphically interactive and attractive
representation of gel image. It shows the bands on a gel and DNA size makers, which
user can select from the multiple options, provided in the select box.

2.4 Output layer

A series of actions from the interactive layer to processing layer resulted in the
outcomes, based up on the actual inquiries and questions from the active users. Entire
group of results tend to be introduced in the last layer of VRSAP that is the output layer.
As in the processing layer, different sub-processing modules, depending upon the
reguests (made in input module) perform multiple actions on them and these efforts end
up with different results. Results from sub-processing modules are presented in the
output layer by output modules. Output layer have SNP Map viewer module, SNP
tabular view module, RFLP Map viewer Module, RFLP tabular view module, SNP-
RFLP Map viewer module and Gel display module.

2.4.1 SNP map viewer module

A module that recalls the objects which were created in the SNP sub-processing module
to generate the strings associated with the gene sequences is referred as the SNP map
viewer module. SNPs within sequences were differentiated by colored background. The
functionality of this module was allocated through the Perl, HTML and the JavaScript.
Perl statements claim of performing the required comparison of objects while HTML

<span> tag colored the background where SNP occurred. JavaScript scripts result into a
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horizontal scroll bar which encapsulates the entire SNP map. Horizontal scroll bar

prevents the whol e screen from being moved during the analysis

2.4.2 SNP tabular view module

All the details explored in SNP map viewer module were represented by means of
figures and names in a table through the SNP tabular view module from the output layer.
Much like the SNP map, this particular module also calls the objects of SNP sub
processes module and then list them in atable created by using the create table command
of the HTML. The HTML table was made dynamic i.e. no matter how many records are
there to show, it accommodates all. The number and the names with in the fields were

printed by the Perl statements and these values comes from the SNP map objects.

2.4.3 RFLP map viewer module

RFLP sub processing module in the processing layer forms the objects, containing the
RFLP information. Pattern locations are being called in this module by a Perl script to
generate the RFLP map. Like SNP map viewer module, the actual power of the
component is really a combination of HTML, JavaScript and Perl. Exactly the horizontal

slide bar was aso added in this module to relieve the string visualization.

2.4.4 RFLP tabular view module

Analogous to SNP tabular view module, RFLP tabular view module signifies the entire
RFLP map information’s into number and names within a table, produced from the
combined endeavor of Perl and HTML by calling the objects of RFLP sub processing

module.

2.4.5 SNP-RFL P map viewer module

SNP-RFLP Map viewer module makes use of the exact approach as discussed in the
SNP map viewer and RFLP map viewer. It calls the objects SNP-RFLP module in order
to fabricate the SNP-RFLP map. This module is yet a blend associated with Perl and
HTML.
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2.4.6 Gl output module

Gel output module displays the gel image developed within Bimode having an extension

of PNG. The Gel image is created using the Perl at the server end and is displayed by the
HTML <img> tag.
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3. Results
Present study resulted into VRSAP, which is capable of conducting three different types
of analyses. It contains independent applications which include SNP, RFLP and SNP-
RFLP analyses. A graphical and hypothetical gel image is aso incorporated in RFLP and
SNP-RFLP. Overview of VRSAP output is shown in figure 3.1.

VRSAP

Ai SNP Analysis B: RFLF Analysis C: SNP-RFLP Analysis

~ARAAAGAAGCTRTGAACAG
"CCAATCTTGCTCATAATAGAA
SAGCTAGGTCACAAAAAAGAS
STGTTCTTAAGAGTRTGTCATT)

String map

Graphical map R T Y TR Bt

el N { Gene Name | Spech Enryn

Table and Gel e = i | : Tmeml06t | Mussmscdes | MSa

Figure 3.1: VRSAP output overview, enlists all the analysis output to depict a picture of
results. (A) SNP analysis shows the components of SNP module which includes the string
map, graphical map (variant image) and table, enlisting the gene and its variation. (B)
RFLP analysis reveals the segments for the RFLP module which contains the string map,
graphical map (restriction image) and the restriction table which stores the data related to
restriction enzymes. (C) SNP-RFLP analysis represents the SNP-RFLP module that also
comprises string and graphical map (VAR image). Third segment of SNP-RFLP moduleisa
gel image.
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Each type of analysis comprises different sub segments. These segments are string map,
graphica image and table or gel. These analyses components work independently;
therefore their results are discussed separately.

3.1 SNP analysis

With an objective to provide a visual representation of SNPs among paralogs, orthologs
or population, SNP analysis module was created. Results from the SNP analysis module
comprise three sub segments: (1) String map for all sequences, (2) Graphica map and (3)
Table, which enlists the gene and its variation attributes. All these three segments (Figure
3.1A) are elaborated below.

3.1.1 String map

String map explores the SNPs, which are located in gene sequences by highlighting the
target (SNPs) nucleotides in red background. The generated string map is a collection of
gene sequences which were submitted by the user in the input module of interacting
layer. In string map SNPs are represented by red color. Figure 3.2 demonstrates the string
map for human HR gene orthologs in chimpanzee (HR), macaque (HR) and Fruitfly
(JHDM2). One distinguishing characteristic of string map is that it enlists the whole gene
sequences, which could be viewed from the very first nucleotide to the last one by using
scroll bar to make a comparative analysis of SNPs. Other distinctiveness linked with the
string map is that on mouse over at SNP location, it pops up a small box, listing the SNP
position and the replaced allele string (as shown in figure 3.2 by alight grey circle which
clearly illustrates the position 772 and the SNP T/G). Nucleotides other than the SNPs in
gene sequence are popped up, on mouse over their genomic locations. Only SNPs exhibit
colored background, which prevent the designed application from being so messy. Asthe
gene length is a variable factor among gene families, for example human Gli gene length
is 12,127 nucleotides, while the Gli3 geneisup to 2, 76,921 nucleotides in length.
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Human =/ "TCCCACAAGCTTCGGCTGCTGAGGAIGGAGCACAGAGAACACAGATGGGGGAJCACAGACA
Chimpanzee [ TCTGGGCTGGGCCACACATTCTGACACCTGAAAGTTAGGAAGCCCGACGCGGCCAGACCACG
Macaque (=% GGTGGCATCGCCGGGGCGTTGGCGGAAGCCCCCGGGGCCCGEGAGGGGGCAGGCCCAGGLG!

Mouse [ CWWCGcMGkGGGGCTAcleAGTAIHGTAGGGTmlrcGCTCGGCmcc

me

Figure 3.2: String map for human HR orthologs. First lane of string is for the human HR
gene sequence, second: HR gene sequence of chimpanzee, third: HR gene sequence for
macaque and forth lane accounts for fruitefly (JHDM2) gene sequence. Red colored
nucleotides are SNPs and mouse over effect showsthe position and the SNP which is circled

by grey circle. Scroll bar isenclosed by dark grey rectangle.

A normal computer screen is able to show up to 120 nucleotides in a row with screen
resolution of 1280x800. As the sequence length may be up to hundred thousand, the
inquirer has to scroll the screen towards right and left to fully examine the variation
patterns. To avoid the full screen movement, we created a scroll bar specifically for the

string map viewer to move it towards both sides (Figure 3.2).
3.1.2 Graphical map

The second component of SNP analysis is the graphical representation of all the SNPs
occurring in the gene sequences (Figure 3.3). This graphically intended segment displays
an image created at the run time in accordance to the user’s queries. The image was
named as variant image which can be sub-divided into three different components:
namely (a) arrow or scaling track, (b) sequence track and (c) SNPs track. Scaling track
(shown by the light blue arrow in Figure 3.3), scales the whole image according to the
largest gene sequence length and it is mostly scaled in the kilo base pairs. Whole scaling
was marked up by an arrow which consisted of two terminals.
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The first one is head and second is tail. Arrow’s head symbolizes the 3-prime end of the
gene sequence while the 5-prime end sequence was made noticeable by an arrow tail.
Moreover, arrow or scaling segment was padded from right and left margins to define the
boundaries for variant image (illustrated by a sky blue arrow in figure 3.3). Second
segment of variant image is its sequence bar (symbolized by purple arrow in figure 3.3),
which is a box equal to the sequence length (shown in cyan color in figure 3.3, just
beneath the scaling track for the first sequence). In addition to graphical representation of
gene sequence, another feature attached with this segment is to display the gene name,
specie name, gene sequence length and starting and ending positions in the genome above
the sequence box bar (Figure 3.3). The last track of graphically proposed image is SNPs
track (signified by light reddish arrow in figure 3.3D), illustrating the SNP as diamond
shape entitled with the allele string, which replaces the sequence nucleotide at the

specific location.

To make interpretation easy of variant image; in addition to scaling, sequence and SNP
track, a grid as a background was provided (grey arrow in the figure 3.3). The number of
tracks in the variant image depends upon the input module of the interacting layer. The
scaling, sequence, and SNP tracks were coupled with the cyan colored grid counts for
each sequence. Moreover, al the above mentioned tracks repeated themsel ves depending
upon the number of genes used as a query from the active user (Figure 3.3). The number
of gene names, as query can be increased while keeping an eye on the gene sequence
length and external server datafetching limit.
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Figure 3.3: SNP map for HR orthologous. (A) Shows the scaling, padding and grid pointed
by light blue, sky blue and grey arrows. (B) Presents the gene name by light green. (C)
Depict the gene sequence (graphical representation), marked by purple arrow. (D)
[lustrates the SNPs tracks, made noticeable by light reddish and arrow.

3.1.3 Table, enlisting the gene sequence and variation data

The table fields contain the gene sequence and variation associated facts and figures, as
demonstrated in string map (Figure 3.2) and variant image (Figure 3.3).
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Table, (Figure 3.4A), enlists the gene name, specie name, gene length, gene start, gene
end and variation related information. Hyperlinks created for the Sequence column are
used to fetch the gene sequence in the FASTA format (Figure 3.4B). Similarly, the
hyperlinks in the Variation column could be utilized to explore the variation attributes of
a gene (Figure 3.4C). The clear and full representation of SNP table, sequence and

variation table is shown in figure 3.4.

A
Gene ID | Gene Name | Specie | chromosome | Start End Sequence | variation
106 HR Human | 8 21971928 | 21990897 | view view
108 HR Human | 8 21971928 | 21990897 | view view
>HR(Human)

CTCTCCCCGCCCGGATTAGTGGCAGCTTGGCCTGACTCTCCGGGGCTCCTTCCCCCGCCCCCGCCTGCTGCCCTCCCCTGGGCCGGGGGLTGCT

C
Variation Name (i“e Specie Allele Position | Location
Name
111446222 HR Human -/A 18937 3PRIME_UTR,DOWNSTREAM
rs35234860 HR Human -[A 18936 3PRIME_UTR,DOWNSTREAM
rs139294347 HR Human -/A 18935 3PRIME_UTR,DOWNSTREAM
1555931974 HR Human -/A 18929 3PRIME_UTR,DOWNSTREAM
15185853861 HR Human G/A 18835 3PRIME_UTR,DOWNSTREAM

Figure 3.4: Table representing the gene and its variations. (A) Shows the primary table
which contains the gene related information like gene name, specie name, gene length, gene
start, gene end. By clicking the view in Sequence column as shown in section A, a new file
opened which gives the gene sequence in FASTA format as shown in B section. (B)
Exemplify the FASTA format sequence for human HR gene. (C) Shows the table which
contains the variation or SNPs relevant to a specific gene which can be viewed by clicking
on view, written in variation column of primary table as shown in section A of thisimage.
This table enlists the variation attributes like variation name, allele, allele position and

location.
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3.2 RFLP analysis

RFLP (Restriction fragment length polymorphism) analysis (Figure 3.5) across the
population, species or in the paralogs is another outstanding feature of VRSAP to
facilitate the user. RFLP analysis patterns show analogy towards the SNP analysis as it
also explains the string, graphical image and the tabular output with an addition of gel
image. In RFLP analysis, the restriction sites are traced.

Similar to SNP analysis string map, RFLP string map exemplifies the gene sequence
nucleotides by highlighting the region of restriction sites (Figure 3.5A). These restriction
sites were colored red. Mouse over effect for colored regions of RFLP string map,
popped up the restriction enzyme name and restriction site starting and ending position. A
scroll bar, identical to SNP analysis encapsul ates the string map. Asfar asRFLP image is
concerned it shows full resemblance with variant image with respect to scaling, and
sequence track; however, SNP track in RFLP image is replaced by the RFLP track, small
rectangles instead of diamonds tagged with the enzyme name (Figure 3.5B). RFLP
scaling pattern, padding, and reiteration of all tracks pursued the same roles as
implemented in the variant image. RFLP table includes the entities like gene, species,
enzyme name and enzyme attributes such as enzyme type, rebase 1.D., source, restriction
site and location (Figure 3.5C). A cross reference with rebase (Roberts et al., 2010)
database was created through hyperlinks. Along with RFLP string map, image and
tabular output, an additional feature was included in the form of a hypothetical gel image
which was sketched and introduced by the RFLP analysis (Figure 3.6). The left most gel
image lane represents ladder. To make the gel image more users friendly, a number of
ladders were incorporated which can be opted from the drop down select box. Other lanes
of gel image are gene sequences whose numbers are equivalent to the number of gene

names used as inpuit.
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A

GTGCGGGGCTGOGGCTTGGCCCCTGAATGGCTGGGGOTGCTGGTCAGCTIGCCTTTGICCACAAGTCTGGCATTGTGTCCA
CGACCOGGGGCGCGTGTTCCCCCC6GCC066caCCTTCTCTCCCTCC666GGCACIMBMCCTAGCCCCGGCCCG6CC
(CTCTGGAAGGGGTTTGGGAAGGGTTTGGGGTGUAAGATGGCAAAGAGCAGCTTGACCA g gy TOAGGCAGGGCAGH
JCCAAGGAACGCCAACTTAAT GTITGGCTGTGT-ATGTGTGATT GTGTGCTGGTGTITGIGGUF[T CAGTACACAAAT]

ok 1k 2k dk 5k 6k 7k 8k 9k 10k 11k 12
HR(Human)Length 18969[21971925-21990597]
L
I lRNMS?II :1.S-acl :‘Ibil :‘lbiIIPstNHI I IBSinOGI‘ISar‘IlﬁspJII Iﬁcelll IBfSpBI :’ICCIII ISar‘I IPlldI ||Plil M.Psil
lBspKT&I flcel 11 ll lBstZI IBSpBI ;.Saul.P‘II lBspJ:lOGI lBSpBI FSFLKI I :-lcel 11 rl il RspLKII :'ma49?l I :
:‘Ibil IPunlﬂﬁZ?I IBSpBI r[1.S-acI IRSpLKI I IPndI i‘:‘.ar‘l ISar‘I lBspBI IBspBI IBUQI
l|'1biI lBstZI lBst.ZI [Sar‘[ ;’-\ar‘l :‘1.Ppu12531 FspLKII :1.Sacl IBspBI :‘I.Sacl
;Sarl IBW.‘I IRSpLKI I :-\cell I :‘lbi I IBSpBI lRar‘I IBspBI
IBspBI f»ar‘l I lBsinOGI :-“iceII 1 ?ueI
Sarl BspBI
) 1
Gene Name | Specie Enzyme type | acce source site location
HR Macaca mulatta M.Sacl M2 RB03489; | Streptomyces achromogenes GAGCTC 109
JHDM2 Drosophila melanogaster | BspBI R2 RB00507; | Bacillus sphaericus JL14 CTGCAG 1403
JHDM2 Drosophila melanogaster | Absl R2 RB14594; | Arthrobacter species TM06 CCTCGAGG | 2089
JHDM2 Drosophila melanogaster | BspH1061 | R2 RB02917; | Bacillus species TTCGAA 845

Figure 3.5: RFLP analysis for HR gene. (A) String map for human HR gene orthologous

including chimpanzee, macaque and fruitefly. First lane is the human HR gene sequence.

Second lane shows the chimpanzee HR gene sequence. Third and fourth lanes depict the
macaque (HR) and fruitefly (JHDM2) gene sequences. Two restriction site with red colored

background, their enzyme name and location are shown. (B) Shows the restriction image
which is the graphical representation of RFLP analysis for HR gene. (C) Tabular output,
listing the enzyme and generelated attributes. The acce column of table presentsthe values
for rebaseID.
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Figure 3.6: Gel image of RFLP analysis for HR gene. First lane of gel image representsthe
ladder. 2. Isfor human HR gene. 3, 4 and 5 are for chimpanzee, macaque and mouse. Bands

for human HR and its orthologoues genes ar e disper sed without any symmetry.

3.3 SNP-RFLP analysis

Final and the third analysis option provided by the VRSAP combine both SNP and RFLP
analysis into a single, called the SNP-RFLP anaysis (Figure 3.7). This section is
complied with the same rules for patterning the tracks i.e. string map, var image (Figure
3.7B) and gel image (an analogy with the RFLP analysis section). However, the SNP-
RFLP anaysisis different from the rest of scrutiny segments in many ways. For example
string map focuses a SNPs that occur in the restriction sites of different restriction
enzymes. This type of inspection aims for two targets: first for the restriction sites and
second for the SNPs in those restriction sites. In the first step, SNP-RFLP colored the
nucleotides background red where it found the restriction site. Coloring the nucleotide in
redissimilar to RFLP analysis.
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In the second step, it locates the SNPs in these reported restriction sites. The traced SNPs
in the SNP-RFLP were colored blue (Figure 3.7). Thus, the approach to position the
SNPs is similar to the one that was used in SNP analysis. It's pop up box combines the
traits from both SNP and RFLP analyses, staging the location, restriction enzyme name
and the allele string for blue back grounded nucleotide (Figure 3.7A). This section is also
confined by horizontal scroll bar. This amalgam module revealed some deviation in case
of graphical image over the already discussed sections. It showed all the SNPs occurring
in the gene sequences and the accounted the restriction sites. The reason behind this
minor deviation is that it presents the overview of density of SNPs and restriction sitesin
gene regions. Other arrangements of SNP-RFLP image settle the same criteria as
discussed in SNP and RFLF analysis. The gel image in this case was inherited from the
RFLP analysis.
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CTTGGCCCCTGAATGGCTGGGGGTGCTGGTCAGCTTGCCTTH
TGTTCCCCCCGGCCCGGCGCCTTICTCTCCCTCCGGGGGCA
3GGAAGGGTTTGGGGTGGAAGATGGCAAAGAGCAGCTTGACT

ACAAGTCTGGCATTGTGTCCACGCGC!
AGCCCCGGCCCGGCCCTCCCC(C

SEEAGCGATGAGGCAGGGCAGACACAGC
MblI,ZSQ

CTTAATGTTTGGCTGTG TN T GTGTGATTGTGTG CTGGTG'I'I" - ITCAGTACACAAATTTAAATTG,
HR{Pan trgZlodutes)Length 17141[18308794-183259351]
L e
G/A G/C G/A
3 3 o
Mbil BstZI Mbil BspBI  RspLKII SauLPII | Acelll RspLKII BspJ1061
1 1 1 1 1 1 M.Sacl | 1 1

el Sarl I Sarl BspJ1061 I sarl Sarl

I I RAarl 1 1 I I
PstNHI I
1 lBSpJ 1061

Figure 3.7: SNP-RFLP analyss for HR gene. (A) String map for HR gene orthologous
where a SNP, G/A creates a new restriction site in chimpanzee which is encircled by the
blue circle. (B) Presents the restriction image. Blue circle shows the graphical

representation of newly created restriction site. A and B arelinked by an green arrow

3.4 Analysis of transmembrane protein 106

All the above discussed analyses were performed by the VRSAP on the
transmembrane protein 106B family which contains three members namely
TMEM106A, TMEM106B and TMEM106C in human. All members of this family
were also included in anaysis in other species which including chimpanzee,

macague and mouse (Table 3.1).

3.4.1 SNP map for TMEM 106B

SNPs for human TMEM106B gene and its orthologous TMEM106B, MMU and
TMEM106B in pan troglodytes (chimpanzee), macaca mulatta (macaque) and mouse
(mus musculus) respectively were mapped. The respective length and SNPs of these
genes are shown in table 3.1. It can be verified that mutational rate is much greater in
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human TMEM106B as compared to its orthologous. This is aso depicted in (Figure 3.8).
This high mutational rate in human might be due to the huge intergenic DNA sequences
among coding regions. The mouse (mus musculus) TMEM106B gene showed more
variation patterns than maca mulatta and pan troglodytes but lesser than human as

mentioned earlier.

Specie Gene Length SNPs  Avg.
Human TMEM106A 7695 99 78
Chimpanzee  TMEM106A 7641 0 0
Macagque TMEM106A 5056 1 5056
Mouse TMEM106A 9546 46 207
Human TMEM106B 26019 618 42
Chimpanzee = TMEM106B 21792 8 2724
Macagque MMU.1214 22012 6 3668
Mouse TMEM106B 19510 &4 232
Human TMEM106C 5309 103 52
Chimpanzee  TMEM106C 5339 2 2670
Macagque TMEM106A 5056 1 5056
Mouse TMEM106A 9546 46 207

Table 3.1: Listing the gene names, length, SNPs and their averagein corresponding species

Macaque (Macaca mulatta) TMEM106B behaved more strictly towards the SNP variation
pattern as compared to the other primates and mouse (mus musculus). In human
TMEM106B, every region of 1kbp contained the SNPs. In case of TMEM106B, an
orthologous of human TMEM106B in chimpanzee (pan troglodytes), the region 1-1369
nucleotides have no SNPs where as human gene accumulated more than thirty SNPs in
this gene segment. In mouse, only three SNPs occurred in 1-1369 nucleotide regions. For
the above mentioned region macagque had no SNPs. Macaque TMEM106B reported its
first SNP at 3957 nucleotide. From 12 to 14 kbp, human TMEM106B showed a cluster of
SNPs while chimpanzee and macaque genes exhibited one and mouse showed only three
SNPs.
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Figure 3.8: Variant image for TMEM106B gene. (A) Shows the SNPs high density region for
human while (B). Showsthe mouse region where SNPs occurred in clusters.

3.4.2 RFLP map for TMEM 106B

RFLP analysis of TMEM106B, TMEM106B, MMU.1214 and TMEM106B of human,
chimpanzee, macague and mouse respectively was carried out and their string map is
shown in figure 3.9. Irrespective to strict behavior of these genes towards the SNPs, all of
them represented the clusters of restriction sites for restriction enzyme (blue rectangle in
figure 3.9). Chimpanzee and macague exhibited a unique mode for restriction enzymes
by having aimost the same RFLP map, which can aso be analyzed from the gel image
(Figure 3.10).

The restriction site of BStZI restriction enzyme was common in all primates including
human, chimpanzee and macaque. BStZI site occupied the same locations in chimpanzee
and macaque; while in human, it was found at position 63, after the ACelll enzyme

restriction site. Almost a similar pattern of restriction sites was observed in human,
chimpanzee and macague as compared to mouse.
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nGCAGﬁgCTGCTGATGCCGTCGTTATCCTACCCCTCCCCCGTC{'iIACGG-CGCGCTCCAGGCCGGTCGCTCCACCCCCCGGCTCCCGGGAFTGTGGA

T6CG CGCTCCAGGCCGGTCGCTCCACCCCCCGGCTCCCGGGACTGTGRACTCTATGATLCTGTCCTCoGCCCTaTecGesccaarGeaceccoaaA G
16CGHMCGTGCTCCAGGCCOGTCGCTCCACCCCCCGGCTCCCGGGACTGTGRACTCCGTGACCCTGTCCTCGGE GeeeeasAcaGeceoaaAC G
s6cGAACA ccocacocacacaeretecceeTACGMAGCTGATGCAGTTGTTGTGCTACCCCTOCCCT CCCGGCTGCACTCTACCGGCGCTCGGCC

Figure 3.9: String map for TMEM106B. Blue colored rectangle shows the restriction sites
which are common in human, chimpanzee and macaque. Green color ed rectangles presents
the restriction sites common in chimpanzee, macaque and mouse. Black colored rectangles

show therestriction sitescommon in human and mouse.

Figure 3.10: Gel image for TMEM106B. Thered rectangle enclosed the human, chimpanzee
and macaque gene bands (from left to right). First lane is ladder and fifth lane depicts
mouse gene bands. Within the red colored rectangle symmetry of band patterns was

observed.

Table generated in response to queries (gene and specie name and restriction enzymes)
showed that restriction enzyme of type R, cuts more frequently than others. M, types of
restriction enzymes cut all the sequences only five times. A hypothetical gel image for
TMEMZ106B orthologous depicted the bands ranged from 800bp to more than 6000bp
(Figure 3.10). The ladder used for this gel image was 1kbp. In gel image, the first laneis
for the ladder. Red colored soft rectangle (Figure 3.10) shows the human, chimpanzee
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and macague gene bands. Because of analogous restriction map, human and chimpanzee
showed amost similar patterning of gene sequence bands. Gel bands for mouse
TMEM106B exhibited a dispersion pattern as no symmetry was observed in the string
map. Thus conservation of restriction sites in different species that were separated out in
about 7 million years ago through speciation, open a new research window and requires
attentions to answer the question like; why these restriction sites are conserved? What

parameters are involved in such conservation?

3.4.3 SNP-RFLP map for TMEM106B

After localizing the SNPs and restriction sites in TMEM106B, SNP-RFLP analysis was
carried out. TMEM106B analysis exhibited a more conclusive and unique patterning. The
restriction enzyme with name M.Psil (query for SNP-RFLP analysis) was capable to cut
TMEM106B, orthologous, when it found TTATAA (restriction site). During the
inspection of SNP-RFLP for TMEM106B, it was observed that the restriction pattern
TTATAA for M.Psil was restored by a SNP (an allele string A/G). In chimpanzee, same
restriction site was also presented at a position, upstream to the newly created restriction
site in human. String map and var image for TMEM106B are shown in figure 3.11, while
hypothetical gel image is depicted in figure 3.12. From the gel (Figure 3.12) it was clear
that human and chimpanzee displayed the same gene sequence band patterns. It can be
argued that to maintain this patterning a new site was created in human. Thus this data
clearly nullified the statement that mutation is a random and uncertain phenomenon.

The gel image showed that the similarity in band patterning was due to the restoration of
arestriction pattern (TTATAA) in human. TTATAA is the recognition site for the M.Psil
restriction enzyme. From the gel, it was observed that the similar patterning of gel bands

between human and chimpanzee was maintained by the SNP (A/G).
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Figure 3.11: SNP-RFLP map for TMEM106B. (A) String map showswhere a restriction site
is created in human, SNP and the restriction site in chimpanzee. Both restriction sites and
the SNP are enclosed by red circles. Link between the restriction sites are shown with green
arrow while blue arrow connects the replaced SNP and the newly created restriction site.

(B) Var image provides the graphical representation, where the SNP and the enzyme are
circled by red circles, connected by a blue color arrow.
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Figure 3.12: Gel image for TMEM106B. Light blue arrow indicates the marker lane while
grey, light green, light reddish and cyan arrows represent the human, chimpanzee,
macaque and mouse sequence bands respectively. A soft cornered rectangle enclosed the

human and chimpanzee genes which showed symmetry in their band patterning.

3.4.4 SNP- map for TMEM106A

Only a single SNP was observed in macaque, while chimpanzee showed even worst and
inflexible attitude against SNPs, as not a single SNP was found. In human TMEM106A,
which contained almost equal gene length (7,995 nucleotides) with TMEM106A of
chimpanzee was exposed more to SNPs, thereby forming clusters. These SNPs might be
due to the insertion or deletion in human gene sequence, however equa gene length
requires some attention. Mouse TMEM106A represented more SNPs prone at a region
from 1bp to 1kb and from 82 to 95 kbp. Although mouse has greater sequence length

than human, the SNPs observed in human were greater in numbers.
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3.4.5 RFLP map for TMEM106A

In contrast to RFLP map that was generated for TMEM106B orthologous, the
TMEM106A RFLP did not follow the restriction sites conservation phenomenon.

In contrast to human and chimpanzee TMEM106B gene, there was not a uniform
symmetry in restriction site patterns. Another contrary fact for TMEM106A was that it
exhibited the restriction sites only for R2 types of restriction enzymes. Not a single
restriction enzyme other than the R, (Type Il restriction enzymes) type cut this gene,
even for a single time. Gel image created on the basis of TMEM106A showed irregular

pattern, when a comparative analysis effort was made.

3.4.6 SNP-RFL P map for TMEM106A

As discussed in RFLP map of TMEM106A that it did not follow any symmetry for
restriction enzymes. Approximately similar behavior was analyzed in SNP-RFLP map.
The restriction enzyme M.Psil did not cut TMEM106A even not for a single time,
although this enzyme created new restriction sites in TMEM106B and TMEM106C. But
in case of TMEM106A a new restriction site was created by replacing the last nucleotide
of pattern, AAGCTT, a restriction pattern which is recognized by BspKT81 restriction
enzyme. Nearby this restriction site, no other pattern of restriction site was found, evenin
orthologous. The string map and var image for TMEMZ106A is described in figure 3.13.
To trace the effect of T/G variation, a graphically rich gel image was provided (Figure
3.14). From the gel image, as it was aready discussed that this SNP is not arestoring one

due to which the pattern of gel bands was random.
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Figure 3.13;: SNP-RFLP map for TMEM106A. (A) String map. In string map restriction
pattern and the mouse over effect shows the enzyme and pattern occurrence position which
is encapsulated by green soft rectangle. (B) Graphical image shows the graphical
representation of string map. It encircles the SNP and restriction enzyme by green circles

on var image.
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Figure 3.14: Ge image for TMEMI106A. 1, 2, 3, 4, 5 lanes shows ladder, human,
chimpanzee, macaque and mouse gene bands. From the image it is clear that the bands did

not follow any symmetry.

3.4.7 SNP- map for TMEM106C

Likewise to other genes of this family, SNP map for human TMEMZ106C orthologous a so
showed that it contained more SNPs as compared to others. In macaque, only a single
SNP with alele string T/A was observed; while in chimpanzee, two SNPs with alele
string T/C and G/C were reported up to now. In contrast to these two primates, macague
and chimpanzee mouse exhibited more variations with respect to SNPs. High density of
SNPs in 400 to 500 base pair region was reported in human and mouse TMEM106C.
Mouse exhibited more SNPs in region 500-600 base pairs as compared to human.

3.4.8 RFLP map for TMEM106C
During the RFLP analysis of TMEM106C, as symmetry of restriction sites were observed
in human TMEM106C and chimpanzee TMEM106C. This fact was also confirmed by the
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gel image. It was clear that human and chimpanzee TMEM106C genes demonstrated the
similar band pattern. Similar to TMEM106A, all the restriction enzymes were of R, type.

3.4.9 SNP-RFL P map for TMEM106C

String map coupled with the SNP-RFLP map for TMEM106C was illustrated in figure
3.15. For TMEM106C, a new restriction site was created by a SNP A/G (similar SNP that
also contributed in creating new restriction site in case of human TMEM106B). As far as
the restriction pattern of TMEM106C is concerned, it was created by replacing the third
nucleotide from the 5-prime end where asin TMEM106B; it was at the last position. This
restriction activity is shown by blue circlesin figure 3.15B. Output for TMEMZ106C in the
form of gel is shown in figure 3.16, where a green dotted rectangle indicated the effect of
this pattern restoration. The graphical representation of var image is shown in figure 3.16.
Similar banding behavior was observed for human and chimpanzee in gel view (Figure
3.17). An additional and novel feature that was observed in the string map was that the
distance between the two consecutive restriction patterns in human was similar to the
distance between the same restriction patterns in chimpanzee (thirteen nucleotides).
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Figure 3.15: SNP-RFLP map for TMEM106C. A. shows the string map for TMEM106C. In
human gene sequence the blue colored arrows shows the distance between the human
restriction sites. Green colored arrows shoes the distance between the chimpanzee
restriction sites. B. depictsthe graphical representation of this newly created restriction and
the SNP, shown by bluecircles.
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Figure 3.16: Graphical representation of var image for TMEM106C. The restriction
pattern for restriction enzyme M.Psil occurs at 1877-1882 in human which is also found at
1902-1909 in chimpanzee. Both these genes ar e located at chromosome 12 in their respective
species. In figure a segment of human TMEM 106C (1-5309) and chimpanzee TM EM 106C
(1-5339) are shown. The distance between the restriction pattern in human and in
chimpanzee is shown by the cross. This distance is equal to 13 nucleotides, common in both.
Red colored A (SNP) in pattern TTATAA (1877-1882) depictsthat this siteisnewly created.
Green colored background shows the relationship in between the newly created restriction

sites of human and chimpanzee (old one).
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Figure 3.17: Ged image TMEMI106C. The green rectangle enclosed the human and
chimpanzee gene sequence bands. Both human and chimpanzee shows similar pattern of

bands. Next to chimpanzee laneisthelane of macaque. Last laner epresents the mouse.

3.5 Conclusion of analysis of transmembrane protein 106B family

We used transmembrane protein 106B family for investigation and validation of our web
server. As mentioned earlier that this family comprises of three members, TMEM 106A,
TMEM106B and TMEM106C in human. From our anaysis it is obvious that
TMEM106B contained highest number of SNPs in human, TMEM106C is second
followed by the TMEM106A (Table 3.1). Therefore it is stated that TMEM106B have
high mutational rate however for this statement, additional study and factors are required.
By looking at the table 3.1, one can easily observe that evolution of different gene
family’s members and ultimately the evolution of gene family can be understood. It can
also be used to discover the relationship among paralogs based on variation data. As
TMEM106B and TMEM106C are closer, they amost have same RFLP and SNP-RFLP
map as compared to TMEM106A. Although this data set is small, yet it undoubtedly and
evidently exposed many novel happenings that were not reported to date. By analyzing
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more data, VRSAP can provide a benchmark, where the terms like “mutational rate” and

“random mutation” can be challenged.
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4. Discussion

Implementation of high throughput approaches to the completion of various genome
projects generated a new enthusiasm and favorable circumstances for the researchers. In
this very potentia study, we highlighted and expanded our understanding towards genetic
studies like gene evolution, gene family evolution, genetic markers, investigating
diseases caused by the genetic factors and identification of the true paralogs and
orthologs by making decisions based on the common characteristics among the
individuals or species. Our main motivation was to design a server/tool to assess the
already existing larger projects like UCSE, Ensembl and Hapmap and to analyze the
assessed information to generate the convincing results in the form of SNPs, RFLP and
SNP-RFLP maps. In addition to these maps, VRSAP results also included a hypothetical
gel image, which represented gene sequence bands. In comparison to other data servers
for SNPs (Hirakawa et al., 2002; Clark et al., 2005; Forbes et al., 2008; Sherry et al.,
2011), VRSAP is the only server which provides the SNP map along-with the RFLP.
VRSAP uses Ensembl as a source of data, which givesit an edge over the other servers as
there is no need to update its dataset. Ensembl contains gene reference sequences and the
variation data. The variation data in Ensembl was retrieved from HapMap via doSNP.
VRSAP also takes the advantage of this pipeline as it indirectly connects to three servers

during its processing.

For SNPs, SNP-RFLP and RFLP anayses, VRSAP inputs include the gene name, species
name and restriction enzymes after that rest of work is done by VRSAP itself thus,
facilitating the users when comparing with other computational tools (Bikandi et al.,
2004; Zhang et al., 2005; Wegrzyn et al., 2009; Chang et al., 2010). Another distinctive
characteristic of VRSAP isthat it provides the pattern of restriction sites among different
species to point out common restriction sites. Currently, for tracing the restriction sitesin
gene sequence, a number of tools are available e.g. NEBcutter (Vincze et al., 2003).
VRSAP provides the RFLP analysis for multiple sequences which is the first advantage
over NEBcutter. Secondly it uses KMP (Knuth et al., 1977) agorithm which is faster
than the Brute Force algorithm, which is implemented by NEBcutter. In case of gel
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image, VRSAP makes it possible to compare gel bands of multiple sequences on the

same gel in contrast to NEBcutter which provides gel image for only one sequence.

Another striking feature of VRSAP, which makes it suitable for RFLP analysis, is its
recognition of additional restriction sites created by SNPs, which can be considered as
unique genetic markers. By making comparative analysis of RFLP, the restriction sites
which are under strong natural selections can be observed. VRSAP also enlists the
restriction sites which are restored by SNPs. This raises many questions by exploring the
nature at molecular level such that why specific restriction sites are restored? What are
the effects of SNPs at restriction sites? Why some restriction sites are still conserved in
human and other primates?

Flanking sequences of SNPs can be viewed in the string map. As the string map shows
whole gene sequence up to the requested length, the flanking sequences of the SNP can
be traced, a facility provided by VRSAP when compared with SNP-Flankplus (Y ang et
al., 2008). Moreover, thisinformation can be used for primer designing.

Genetic diversity, novelty and human diseases are the primary products of mutations that
occurred in many folds of genes. Therefore, knowledge of mutational rate can be a
convincing step for understanding the above mentioned phenomenon. One very basic
application of mutational rates that can be observed among genes and lineages is to
estimate the divergence time among closely related species, which can be utilized for
selection by comparative sequence analysis, testing coalescent time and finally the
mutational processes, which are key for genome evolution (Kumar and Subramanian,
2002; Kehrer and Cooper, 2007; Marques et al., 2009). The complete knowledge of
genes synonymous and non-synonymous mutations in the coding regions of different
sequences can be further utilized for the rate analysis calculation, a very important factor
to analyze the positive and negative natural selection on that specific dataset. Gene's
synonymous and non-synonymous mutations can easily be visualized from the table,
created in SNPs analysis module of VRSAP, which enlists all the SNPs occurring in a
gene. With the information of coding region variations obtained from the VRSAP, user

can extend its analysis for natural selection detection to make a popul ation genetics study.
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In short, VRSAP results can be exercised to outline the mutational rate of certain data
Sets.

Mostly, the genes or gene family based comparative genomic studies rely on the coding
regions, ignoring the expense of examining the regulator of sequences (Carroll, 2003).
Functional non coding elements such as promoters, enhancers, and flanking sequences
and most importantly the introns can have a maor role in the regulation of gene
expression (Wray et al., 2003). These functional, some time evolutionary conserved
regions play a crucia role in human and other genome evolution. In contrast to other
approaches (Gardner et al., 2005; Xu et al., 2005; Pico et al., 2009; Sicotte et al., 2011),
VRSAP explores both coding and non-coding regions to highlight the SNPs, RFLP and
SNP-RFLP; thereby covering the functional and the regulators at the same time. These
variation differences or the similarities become a vital source in investigating adisease in
human when similar genes are detected in other species. For example, rheumatoid
arthritis and multiple types of cancers like breast and colon cancers have been rarely
reported in chimpanzee and more commonly reported in humans (Shastry, 2002).
Another example is heart disease, common in human and its closest relative chimpanzee
however, it follows different pathogenically processes in chimpanzee (Varki et al., 2009).
The answers for these questions will clearly be a valuable tool and have an impact on
medical care of human. Additionally, we can aso judge human specific unique and key
features which play a fundamental role in human evolution. Thus, VRSAP provides a
comparative view of genes along with SNPs and exploring the mechanism of variations
among genes by showing the string map and graphical display, thereby facilitating the
curious researches by providing an opportunity where human or other specie specific
features (common in all primates or in mammals) can be judged. Moreover, VRSAP can
play an essentia role in marker designing along with SNPs and RFLP which can be a
conclusive evidence for disease studies (Roses et al., 2010), revealing origins (Huang et
al., 2012) of a species and for the identification and mapping of conserved orthologs
(Kuhn et al., 2012). For examplein cacao genetic mapping studies, SNP markers aready
successful in west Africa were largely replaced RAPDs, AFLPs, microsatellites or
candidate genes (Lanaud et al., 1999; Kuhn et al., 2005; Brown et al., 2008). Another
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example of utilization of SNP map as marker is QTL mapping (Dirlewanger et al., 2004;
Minvielle et al., 2006; Beraldi et al.,2007; Dawson et al.,2007; Cabrera et al., 2012).
Although genetic approaches successfully dealt with many diseases, still several diseases
associated with heritability require detailed identification. Sequencing of multiple
genomes such as chimpanzee, mouse and their comparison with human to reveal the
genetic basis of diseases and evolution coupled with self human popul ation’s comparison

provided an opportunity to answer the genetically linked diseases and syndrome.

Taken together, VRSAP as a web based application is more informative with easy to use
and without involving installation steps, which made the SNPs, RFLP and SNPs-RFLP
analysis more comprehensive and reasonable in multiple species. Moreover by providing
graphical display VRSAP can serve as a vauable tool in Pharmcogenomics, evolution,

popul ation genetics and molecular studies.
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