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Research on genomic sequences has been improving significantly as more advanced
technology for sequencing has been developed. This opens enormous opportunities
for sequence analysis. Various analytical tools have been built for purposes such as
sequence assembly, read alignments, genome browsing, comparative genomics, and
visualization.
From the visualization perspective, there is an increasing trend towards use of
large-scale computation. However, more than power is required to produce an
informative image. This is a challenge that we address by providing several ways of
representing biological data in order to advance the inference endeavors of
biologists.
This thesis focuses on visualization of variations found in genomic sequences. We
develop several visualization functions and embed them in an existing variation
visualization tool as extensions. The tool we improved is named VarB, hence the
nomenclature for our enhancement is VarB Plus. To the best of our knowledge,
besides VarB, there is no tool that provides the capability of dynamic visualization of
genome variation datasets as well as statistical analysis. Dynamic visualization
allows users to toggle different parameters on and off and see the results on the fly.
The statistical analysis includes Fixation Index, Relative Variant Density, and
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Tajima’s D. Hence we focused our efforts on this tool. The scope of our work
includes plots of per-base genome coverage, Principal Coordinate Analysis (PCoA),
integration with a read alignment viewer named LookSeq, and visualization of geobiological data. In addition to description of embedded functionalities, significance,
and limitations, future improvements are discussed.
The result is four extensions embedded successfully in the original tool, which is
built on the Qt framework in C++. Hence it is portable to numerous platforms. Our
extensions have shown acceptable execution time in a beta testing with various
high-volume published datasets, as well as positive feedback from several
researchers in the field in terms of their usability and significance.
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Chapter I
Introduction
1.1.

Overview and Motivation
Nothing has such power to broaden the mind as the ability to investigate
systematically and truly all that comes under thy observation in life.
Marcus Aurelius Antoninus

The advancement in next generation sequencing has led to abundance of genomics
data ready to be further utilized in order to extract meaningful information. Many
methods have been developed for this purpose and many more are being created
and tested almost everywhere in universities and bioinformatics institutes. These
methods include computational functions as well as visualization functions or
combination of both. This work exclusively focused on the visualization tasks.
Although some of bioinformatics tasks can be done automatically, still there are
some tasks that need human intervention, which will potentially be accelerated by
means of visualization tools. For certain tasks, an image clears doubts and the
solution becomes obvious (Cydney, et al., 2010). Image of sequence of diseasecarrying individuals is observed by medical scientists to find the likely mutated
genes as the cause of the disease. A similar approach is used in the study of
evolution of microbial populations (Frazer, et al., 2004). Visualization has become
very important in genome research.
One of biological objects that is studied widely and is very essential to be visualized
is polymorphism, which refers to nucleotide difference between sequences. A single
nucleotide difference is called Single Nucleotide Polymorphism (SNP). In population
analysis study, scientists try to understand evolutionary mechanism by observing
occurrence of SNPs across populations. These studies are supported by the findings
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of a new file format called Variant Call Format (VCF) that stores information of
variants including SNPs in the sequence (Danecek, et al., 2011) . A number of
existing visualization tools have provided the ability to read VCF files, such as
Artemis (Rutherford, et al., 2000), IGV (Robinson, et al., 2011), VCFTools (Danecek,
et al., 2011), etc.
Among other visualization tools, there is a variation-based visualization tool called
VarB (Preston M, 2012) which mainly utilizes the latest version of VCF format (4.11)
and allows us to interact and update the image dynamically based on several
parameters for variants filtering such as coding region, synonymous2 or nonsynonymous, and group selections for population-based analysis. In addition to the
variation plot, computational part of this tool has enabled us to have plots of GC
density, Relative variant density, Fixation index (provided that groups have been
defined), and Tajima’s D. Each of the plots will be discussed in Chapter 2 Section
2.1.2. This real-time filtering along with a set of statistical plot as well as its
grouping capability distinguishes VarB from other bioinformatics visualization
tools. Hence, we chose VarB to be further developed. Besides, it is an open-source
project and is still in its infancy. We propose several features that are essential for
the tool.
1.2.

Problem Statement and Objective

The amount of data stored in VCF files is so large that it is very challenging to
transform it to meaningful image. Several bioinformatics tools have attempted to
produce such images but as the data size is growing the problem isn’t easily tackled.
An avalanche of information has been generated and could be visualized, but the

http://www.1000genomes.org/wiki/Analysis/Variant%20Call%20Format/vcf-variant-call-formatversion-41
2 Polymorphism that doesn’t change the protein produced from the sequence is called synonymous
polymorphism.
1
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question is how to filter and meaningfully view it. Furthermore, a tool that allows
scientists to observe the relation between data from different regions of the genome
of a given strain3 and across strains is needed.
1.3.

Contribution

A summary of this thesis contribution is as follow:
1.3.1. Genome coverage plot
Utilizing the corresponding read4 alignment files for observed strains, a genome
coverage plot is integrated with the existing variation plot to remove ambiguity of
white spaces in the plot. These white spaces in variation plot before the integration
can means either unknown or identical (e.g. no variation), which can lead to false
positive. This contribution clears doubt and hence increases the reliability of the
variation plot.
1.3.2. Principal Coordinate Analysis (PCoA) Plot
Given several strains and their grouping, this feature will provide scatter plot
showing their distances to each other. This is computed by PCoA algorithm that is
often used for visualization of multi-dimensional data. This feature is also equipped
with capability of selecting particular region in the sequence as well as strain(s) to
be viewed. Supported by efficient mathematics library, this feature contributes realtime data analysis to the inference need of ever-growing genomics data.
1.3.3. Integration of LookSeq
Having a read alignment viewer called LookSeq (Manske, 2009) installed in a secure
server, we have been able to integrate it with our variation plot in which user can
comfortably select particular position in the sequence as well as select strains to

3
4

An organism that is different from other organisms of the same species due to genetic difference(s)
Fragment of DNA sequence generated by sequencing machine
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look at. Supported by fast image rendering capability, integrating with LookSeq
means seamless navigation from one display to another and hence foster the
research advancement. Furthermore, it opens great opportunity of large
collaborative research when the server is made publicly available.
1.3.4. Strain distribution visualization on a world map.
Utilizing the power of Google Map API and Google Fusion Table, we have added
capability of viewing the strain distribution on a world map provided that the data
has been uploaded in a public table. With the strain details embedded on the map, it
is very convenient to view the data on the map and slide over time to see the
samples’ spread progressed through time.
1.4.
a)

Thesis Organization
Chapter 1, as we proceed, gives introduction to the underlying problem, as well
as highlights how the thesis contributes to overcome it.

b) Chapter 2 presents some concepts behind the work, as well as further
discussion about similar tools that are currently available. It highlights the
significance of each tool as well as its drawback.
c)

Chapter 3 describes the extensions that we have contributed, their performance
on various data sets, and the challenges as well as identified limitation of the
features.

d) Chapter 4 provides detailed discussion about each feature, including its
objective, design, and its implementation. Several snapshots are also provided
to illustrate its functionality.
e)

Chapter 5 concludes the discussion and introduces scope of future work.
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Chapter II
Background and Related Work
In this chapter, some brief description about background concepts will be discussed,
as well as summary of various relevant file formats. Following the format summary
is several related works that concludes the chapter.
2.1.

Background

2.1.1. Genetic Variation
Genetic variation is differences between alleles5 of genes. It occurs both within and
among populations. This variation can be observed at different levels of biological
components. We can identify the variation either at phenotypic6 level, enzymes level
or base level (McGinley and Duffy, 2007). In phenotypic level, we can physically
distinguish one variant from others (e.g. leg length in dogs). In enzymes level,
different enzymes characteristics resulted from variation in the contained genes can
be observed through a protein electrophoresis7. Base-level variation, which is our
primary focus, is the basis of all other variations (McGinley and Duffy, 2007).
Genetic variation has three categories (Mullaney, et al., 2010), namely :
1. Single Nucleotide Polymorphism (SNP)
2. Small insertion or deletions (Indels)
3. Large forms of structural variations
Scope of our work limits the discussion only to first two types of genetic variation.

One member of a pair (or any of the series) of genes occupying a specific spot on a chromosome.
(source : biology-online.org)
6 The observable physical and/or biochemical characteristics of the expression of a gene (source :
Genetics Home Reference, http://ghr.nlm.nih.gov/)
7 Method of separating large molecules (such as DNA fragments or proteins) from a mixture of
similar molecules (source : Genetics Home Reference, http://ghr.nlm.nih.gov/)
5
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2.1.1.1. Single Nucleotide Polymorphism (SNP)
Pronounced as ‘snip’, SNP is an abbreviation of Single Nucleotide Polymorphism. It
is defined as a variation of a single nucleotide of DNA sequence between individuals.
For instance two different sequences “ATTGGCTT” and “AGTGGATT” are said to
have two SNPs, in position two and six. Indexing starts from one. In the previous
example, if no other alternative occurs, both SNPs are considered to have two
alleles. To be considered as a variant of the genome, the minority (rare allele
frequency) should be at least 1% (Brookes, 1999). Otherwise it will be regarded as
sequencing error. Figure II. 1 illustrates a SNP in a DNA sequence.
Since SNPs can easily be quantified and monitored, they
are

now

widely

studied

to

help

scientists

in

understanding differences across populations. Utilizing
over 2.5 million SNPs found in human genome by the
HapMap project from many populations, Barreiro and
his colleagues tried to answer question of how
environmental factors play role in natural selection
Figure II. 1 a SNP
source : reprinted from (Hall, 2007)

(Barreiro, et al., 2008). The HapMap project is
collaboration between several countries in order to
develop public resources that will help scientists in

finding genes associated with human diseases.
Frequency of minor allele differs from one human population to another. A common
SNP in a population might be less frequent in other population. Hence SNP can be
the basis of evolutionary study (Norrgard K. & Schultz, 2008). Furthermore, it is the
key enabler of personalized medicine since it can influence how an individual
responds to pathogens, chemicals, drugs, vaccines, and other agents. For instance, a
single amino acid difference in a protein resulting from a SNP in the nucleotide
17

sequence can higher or lowers the risk of certain disease. A single base differences
in the APOE gene are associated with Alzheimer's disease (Chakravarti, 2001). From
the same paper we also know that a simple deletion within the chemokine-receptor
gene CCR5 leads to resistance to HIV and AIDS .
2.1.1.2. Small insertion or deletions (Indels)
Indels is defined as mutation resulting in an insertion or deletion and a net gain or
loss in nucleotides (Gonzalez, et al., 2007). Figure II. 2 illustrates insertion and
deletion.
Deletion

Normal

Insertion

DNA sample
DNA sample fragments

reference fragments

Reference
Sequence
a

c

b

Figure II. 2 Insertion and Deletion
(a) When mapped to reference sequence, the corresponding fragment from the sample is
shorter due to deletion
(b) The DNA fragment aligns perfectly to the reference sequence
(c) Due to occurring insertion, the DNA fragment is longer than its corresponding sequence in
the reference
Adapted from (Manske, 2009)

Small indels is on its way to becoming a key factor underlying inherited diseases in
humans (Mills, et al., 2011). From the same paper, it is found that there are as many
as 1.96 million non-redundant small INDELs in human genome.
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2.1.2. Statistical Measures
2.1.2.1. Fixation Index
Fixation index is a measure of genetic difference between populations. The value
ranges from 0 to 1 where the value of 1 implies no interbreeding happens between
the compared populations and conversely, value of 0 implies that the populations
interbreed freely. In the study of evolution, it is used to analyze the process of
divergence between subpopulations. Fixation indices summarize the associations
between genes that arise from the joint effects of inbreeding and selection. (Ritland,
1987)
2.1.2.2. Relative Variant Density
Relative density is defined as the ratio between an entity with a reference entity
(Dana, 1922). To compute the relative density for variant, we compute number of
variation around every position with a pre-determined size of sliding window and
normalize it with the highest value throughout the sequence.
2.1.2.3. Tajima’s D
Tajima’s D is a statistical test to measure the randomness of an evolving DNA,
whether it is neutral or directing towards a certain pattern, such as balancing
selection or directional selection (Tajima, 1989). A value larger than zero implies
that the observed population is having a balancing selection where less frequent
phenotype is becoming more frequent and conversely, negative value implies a
directional selection where less frequent phenotype is decreasing or less than
expected. A rule of thumb suggests that the significant values are above 2 or below
minus 2. This measure has been enormously used to interpret the genetic variation
found in populations. Named after its founder, Fumio Tajima, it has been cited over
4000 times since its publication in 1989.
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Figure II. 3 shows schematic representation of three contrasting patterns of
polymorphism, expected to arise from balancing selection, neutral genetic drift and
directional selection, and their associated Tajima's D values. Dots represent
nucleotide variants of minor allele along a sequence.

DNA sequence
Minor allele
Figure II. 3 The meaning of Tajima’s D Values
Source: adapted from (Weedall and Conway, 2010)

2.1.3. Graphical Visualization:
2.1.3.1. Principal Coordinate Analysis (PCoA)
PCoA is one of many algorithms in Multivariate Data Analysis. It is also called
Classical Multidimensional Scaling or Torgerson Scaling (Torgerson, 1958)

or

Torgerson–Gower scaling (Gower, 1966). Multidimensional Scaling itself is
described as a set of related statistical techniques often used in information
visualization for exploring similarities or dissimilarities in data (Borg, 2005).
It arose in psychometrics where it was developed for understanding people’s
judgments of similarity between members of a set of objects. It is widely used as
general data analysis in many disciplines since then. The idea is to put points that
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are similar close to each other and points that are not similar far apart while
maintaining the pairwise distances as much as possible.
This method is mostly used for visualization purpose since it can reduce the
dimensionality by changing the axis and minimize what they called as a strain
function. This function computes the loss of information caused by the axis change.
It tries to change the view of coordinate system and keep the distances between pair
of points. The result is a rotation of the data matrix.
The computation is a series of eigenvalue calculations. The pseudocode will be
detailed in Chapter 4. PCoA is a multidimensional scaling that has one matrix and is
not weighted.
A classic example that is often used for teaching purpose is the case of 10 flying
mileages between 10 American cities. Table III. 1 depicts the distances between these
10 cities.
Table III. 1 Flying Distances of 10 American Cities

After performing the algorithm, a predicted map of the 10 cities is produced. This is
depicted by Figure II. 4. The result is a creditable representation of the actual
geography.
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Figure II. 4 Predicted Map
Source: (Young, 1985)

2.1.3.2.

Principal Component Analysis (PCA)

PCA is one algorithm in the group of dimensionality reduction. The goal of the
method is to reduce the dimensionality by calculating n principal components.
Principal components are uncorrelated linear combinations of possibly correlated
original features that account for most of the variability in the data. The first
principal component will hold most of the variability, followed by the second, and so
on until a basis for representing the essential information is constructed. Similar to
PCoA, it is often used for visualization purpose. It can be thought of a way to reveal
the inner structure of the visualized data.
2.1.4. File Formats
In this section, six file formats relevant to the project will be described.
1. SAM
Sequence Alignment/Map (SAM) was proposed by a group of researchers in
Wellcome Trust Sanger Institute in Cambridge, UK and The Broad Institute of
Harvard and MIT in Cambridge, USA in 2009. It is designed for storing large
nucleotide sequence alignment data. It aims to be a format that is flexible for
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use by various program, easily generated, compact, allow to be executed in
streaming mode, and be able to be indexed by genomic position (Li, 2009).
2. BAM
This format is the binary version of SAM.
3. GFF
The General Feature Format (GFF) was initiated in 1999 by Tim Hubbard
from Wellcome Trust Sanger Institute. There are two versions currently in
use, GFF version 2 (Durbin, et al., 2000) and Version 3. The latest version
was designed by Lincoln Stein from The Sequence Ontology Project in
2010(Stein, 2010). GFF is intended for storing gene annotation information
as well as other features found in DNA, RNA, and protein sequences. It has
been extensively used by the bioinformatics community.
4. VCF
VCF stands for Variant Call Format. It is initially created for storing large
variation in human genomes from the 1000 Genomes Project, which was
started in 2008. Current operating versions are version 4.0 and 4.1.
(Danecek, et al., 2011).
5. BCF
BCF is the binary version of VCF.
6. FASTA
FASTA is a standard file format which is used for storing DNA or protein
sequences(Lipman and Pearson, 1985). Its simple format has allowed easy
manipulation and fast retrieval for various bioinformatics tools. It was first
created for a software package having the same name developed in 1985
by David J. Lipman and William R. Pearson.
7. FASTQ
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This format bundles sequence and its associated quality information in the
level of per-base resolution. It was developed by Wellcome Trust Sanger
Institute and now has been widely used as a standard format for storing
output of sequencing machines (Cock, et al., 2010).

2.2.

Related Work:

Cydney categorized various bioinformatics tools into three classes based on three
core user tasks (Cydney, et al., 2010), namely :
(i)

Analyzing sequence data, both in the context of de novo assembly and of
resequencing experiments.
Tools in this category include Consed, IGV, LookSeq, ABySS-Explorer,
samtools, tview, etc.

(ii)

Browsing annotations and experimental data mapped to a reference genome.
Divided into two subcategories, stand-alone and web-based, this class has a
wide range of tools namely IGV, Argo, CGView, AnnoJ, Ensembl, JBrowse,
NCBI Map Viewer, etc.

(iii)

Comparing sequences from different organisms or individuals.
Similarly, this class is comprised of two subclasses, web-based and standalone. The former includes Cinteny, GenomeMatcher, MultiPipMaker, UCSC
Genome Browser, VISTA, etc. The latter has several others namely ACT,
Circos, CMap, MizBee, SynView etc.

Several major tools will be described briefly in this section.
2.1.4.1.

Integrative Genomics Viewer (IGV)

As the name suggests, this is basically a viewer that supports many data types.
Among supported data types are RNAi, segmented, GWAS, alignments and variants
data. It is described as a viewer that follows the nature of genome research in which
often involves many types of file formats. Developed with a careful multi-layer data
24

scheme, it is a high performance tool even for a standard desktop. It has a smooth
zooming feature built with aim of imitating Google Map fast zooming. The design
has enabled minimal memory requirements for all levels of zooming. It could be
customized to load only a chunk of the input file at a time such that will allow
seamless interaction instead of loading everything and burden the memory
(Robinson, et al., 2011).
Initially developed to support cancer research, now it is used for general genome
research and provides capabilities of data sharing across users through a session file
which stores information such as current position in the sequence and information
about current magnification level as it provides several level of image magnification.
This file can be loaded anywhere and give the same view as long as the data or link
to it is available.

Figure II. 5 A snapshot from VCF view in IGV
Each bar across the top of the plot shows the allele fraction for a single locus.
The genotypes for each locus in each sample. Dark blue = heterozygous, Cyan = homozygous
variant, Grey = reference. Filtered entries are transparent/white.
Source: Broad Institute
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Updated in March 2012 (Thorvaldsdóttir, et al., 2012), this viewer has provided
numerous capabilities including VCF reader that is similar to the tool we are
improving, which is named VarB. However it lacks in post process or inference of
the variant data, which is one of main focuses of VarB. Figure II. 5 illustrates a
variant view in IGV.
2.1.4.2.

SNP-Vista

Utilizing SNP information, this tool is intended for discovery of disease-related
mutation from re-sequencing data (Shah, et al., 2005). The authors of this tool
described re-sequencing data as data obtained from re-sequencing a set of
candidate genes from individual who carried the disease. At the time this tool was
developed in 2005, resequencing complete genome of human was more difficult
than it is now. Hence this approach was adopted. Since the VCF files as a new
standard format to store variant information wasn’t present during the time it was
written, this tool defined its own file formats. It has two main goals that are
implemented in two different versions of the software, GeneSNP-VISTA and EcoSNPVISTA (Shah, et al., 2005). The former is more similar to VarB since its main goal is
to visualize SNP at one base pair resolution and aim for disease related mutation
while the latter is designed for discovery of recombination8 points in microbial
populations.
Among the features are mapping SNP to genomic annotation structure and SNPs
classification. The SNPs are classified based on its location in the gene (exon or
intron), whether it is synonymous or non-synonymous, and its frequency across
samples. It also allows users to perform hierarchical clustering for samples based on
their SNP pattern. Figure II. 6 is a snapshot of a view from GeneSNP-Vista user
interface.
8

The breaking and joining of DNA strands to form a novel DNA sequence
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toolbox

zoom panel

mutation panel

protein alignment
panel

control panel

Figure II. 6 SNP Vista

Control panel contains control for start and end position of the gene, options for
clustering method, sorted and unsorted switch, and options for distance method.
2.1.4.3.

Artemis VCF Viewer

Artemis is a very powerful tool with many features. For its variation viewer,
recently they added a capability similar to what VarB has that is to dynamically filter
the variation according to its type whether it is synonymous, non-synonymous,
deletion, insertion, or multiple allele variants. It also gives the user options to color
the variation marker whether it will be based on read quality or the nucleotides
(A,C,T, or G). Figure II. 7 illustrates variation plot in Artemis VCF Viewer(Rutherford,
et al., 2000). Before it is viewed, Artemis requires the VCF file to be indexed and
compressed.
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variation plot

nucleotide sequence

reference amino acid
sequence

Figure II. 7 a VCF view from Artemis

2.1.4.4.

Circos

Circos is a tool that provide circular visualization for comparative genomics studies.
With its unique circular layout, it has been extensively used especially for
publication purpose. It could also be used for any other comparison need outside
biological field. Figure II. 8 shows an example of image generated by CIRCOS
(Krzywinski, 2009).
2.1.4.5.

Supramap

Supramap is a tool that provides a distribution map specific to certain type of
disease. It is claimed to be something similar to weather map but for infectious
diseases. It takes sequence files as input as well as its latitude and longitude
information in a comma separated value (CSV) file.
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Figure II. 8 A circular display built by CIRCOS.
This figure represents the yeast genome in a circular format. In clockwise direction, from the top of
the circles, 16 chromosomes is presented. Lines indicate interaction between two connected
locations in the genome. Thickness of the lines is proportional to the number of traits affected by the
interaction effects.
Source: (Lee and Xing, 2012)

If available, time information will be taken into account. The system will compute
the phylogenetic closeness between sequences and output a tree on top of the map.
The result is a distribution map of disease view with layer of phylogenetic tree on
top of it. Figure II. 9 depicts a view from Supramap (Janies, et al., 2012).

Figure II. 9 Supramap
Screenshot of Keyhole Markup Language (KML) file of the spread of H7 influenza The KML was
produced by Supramap and visualized by Google Earth™. Different lines color represents different
level of pathogenicity9.
Source : (Janies, et al., 2012)

9

Ability to produce infectious disease
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A large number of processor is required to generate such images. Supramap utilized
a 60-CPU cluster to achieve its goal (Janies, et al., 2012). Separately, they also
provide light version of the tool that is web-based. It is publicly available with some
limitation since it is a light version. Users can upload their data on its web-based
user interface. Required input includes sequence files in fasta format and a comma
separated files containing strain name, latitude, longitude and time. To build the
phylogenetic tree, user can provide a tree file or the system will try to infer it if it is
not available.
2.1.4.6.

SNP-Variation Suite (SVS)

“ SVS is an integrated collection of user-friendly, yet powerful analytic tools for
managing, analyzing, and visualizing multifaceted genomic and phenotypic data. With
SVS you can focus on your research instead of learning to be a programmer or waiting
in line for bioinformaticians.”
Golden Helix
The quoted sentences are obtained from the tools homepage. As the name suggests,
this commercial tool is dedicated for SNP and variation analysis. This tool offers
wide range of data analysis packages including several statistical tests and SNP
classification. Though it offers some statistical analysis, in the current version it
doesn’t allow us to do analysis on sub-region of a genome rather than the whole
length of the genome.
2.1.4.7.

VCFTools

VCFTools has a number of utilities to do various manipulations of VCF files. It
includes the functionality to add user’s own annotation, comparing two or more VCF
files, concatenating, filtering, extracting intersections between files, extracting
positions which is in a file but not in others, merging, querying and many more. It is
solely a set of utilities for VCF files and is not intended for visualization purpose
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(Danecek, et al., 2011). For basic VCF visualization, there are several tools that have
been developed such as Artemis VCF viewer (Rutherford, et al., 2000), IGV
(Robinson, et al., 2011), etc.
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Chapter III
A Variation-based Visualization Tool
3.1.

Introduction

In this section, existing features of variation-based visualization tool that we are
improving are described. It is called VarB (Preston M, 2012). The idea of the tool is
to provide a tool for browsing variations in sequences and all their properties such
as position, reference nucleotide, whether it is synonymous or non-synonymous,
indels, and coding or non-coding region. Furthermore, it allows us to apply
groupings to our samples and perform several population statistics computations
against them such as fixation index and Tajima’s D.
3.1.1 VarB existing features
a) Strain grouping and Variation plot sorting
Nowadays we often generate sequence data from numerous strains from various
places. Identifying each sample by grouping them according to its origin is essential.
The tool allows user to assign one or more samples to user-defined group(s) and
hence user can perform population-wide statistical computations. Basically the
feature could be applied to group the samples based on anything that would be
interesting for the study such as grouping based on closeness in phylogenetic tree.
After the grouping, the tool will sort the samples based on the assignment. Members
from the same group will be lined up together. Hence we can visually see if the
grouping is intuitive. Furthermore, it will perform the computation of Fixation Index
and plot the graph.
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b) Real-time Filtering
Among the properties in a genetic variation, there are several binary properties that
could be used as a filter and could be applied on the fly. These properties are as
follow:


Coding



Synonymous



Indel

In the variation plot, by this dynamic filtering, we would be able to view only
variations which are in the non-coding region, or only those which are synonymous
variants, or remove indels from the view etc.
This is a very effective and helpful feature since user can get the filtering result
instantly without creating a separate VCF file to be loaded for different kind of view
purposes.
c) Gene Annotation Plot
Similar to other genome browsing tools, here the tool provides the ability to browse
genes. The annotation view is aligned with the variation view. We could also obtain
detail information about the gene when we hover on top of it, such as its name,
position, description, etc.
d)

Statistical plot

Besides the variation plot and gene annotation plot, VarB adds GC and Relative
Variant Density plots. If the user has created one or more groups and assigned one
or more samples to it, then the Fixation Index will be plotted in its provided track.
Figure III.I illustrates the tool with its feature before the development of our
extensions.
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When we hover the mouse to variation plot or gene annotation plot, details about
the variation will be shown in variation details box. Alteration of the view is
controlled by zoom and position sliders on the top. User can also dynamically apply
filtering from dynamic filter control.
group manager

chromosome chooser

dynamic filter

variation
details
gene annotation plot
variation plot

Figure III. 1 Original VarB interface tested with mock genome data

3.2.

Extensions for the Visualization Tool

To cover important functionalities of the tool, we have added four extensions as
follows:
-

Genome Coverage Plot

-

Integration of LookSeq

-

Strain Distribution Map

-

PCoA plot

3.2.1. Genome Coverage Plot
In variation plot, we are accustomed to have gap between variation markers. These
gaps that are often colored with white are misleading. It could mean either identical
to the reference, or, simply we don’t have information for that particular position.
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(i.e. uncovered region). Figure III. 2 illustrates the variation plot in which the white
gaps have been distinguished from the uncovered10 area that is marked with grey.
The white gaps are now certainly the area that are identical (i.e.,100% conserved)
with the reference sequence. The coverage information is obtained from the
corresponding BAM file for each sample.
Utilizing BEDTools (Quinlan and Hall, 2010), we can extract the coverage
information from the BAM files and generate genome coverage file. The genome
coverage file stores the level of per base coverage, one file per sample. These files
are then merged into a single file. The merged file is the input for this extension. A
Graphical User Interface and a bash script is written to facilitate the user for the
merging purpose. User can choose to run either one of them.
Currently the feature does not consider the change of sample order after grouping.
It reads the coverage file from left to right sequentially and does not automatically
consider the strains ordering if it is rearranged after the grouping.

10

Missing value in a sequence
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This region is uncovered in several strains

Figure III. 2 Variation Plot with Coverage

3.2.2. Integration of LookSeq
When we browse the genome variation plot, often we want to check the
corresponding position in its BAM file format. We enable this by integrating a read
alignment viewer called LookSeq. This web-based tool is very fast in rendering the
image in different genomic region and level of resolution, "from an overview of a
genomic region to fine details such as heterogeneity within the sample” (Manske,
2009).
Based on AJAX, the graphics are rendered in server that is calculated on-the-fly from
an alignment database. With fast zooming capability, this tool is bundled with a
feature that allows the user to go directly to Ensemble11 or PlasmoDB12 database
when double clicking a position in maximum level of magnification.

11
12

http://www.ensembl.org/index.html
http://plasmodb.org/plasmo/
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Another powerful feature of the tool is that it can have multi tracks in a single
display, which enable an easy comparison between sequences. Sequences with
different alignment algorithm or different mapping quality threshold can be viewed
together and compared which will lead to more reliable variant finding. With many
features, user will typically notice a decrease in performance but not with LookSeq.
Its performance is not affected.

Compared with standard traditional genome

browser like PlasmoDB it performed four times faster (Manske, 2009).
Right from the VarB user interface, with this extension we will be able to select
certain position and sample to be viewed in LookSeq. The selection could also be
modified in LookSeq interface.
We have installed LookSeq, build the database, and integrated it with VarB user
interface. Technical details of the integration are discussed in Chapter 4 section
4.3.3. The execution time experienced by the user to load it from VarB is almost
unnoticeable. This is further discussed in section 3.4. Figure III. 3 illustrates the
LookSeq view.
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list of strains

position control

read alignment view

Figure III. 3 An example of LookSeq view

On the right side of the image, all strains resides in the server will be listed. User can
choose which strain to view. In position control group, user can alter the
chromosome name, genomic position, etc.
This extension however can only accommodate one reference sequence file at a
time. If the user wishes to switch to other samples with different reference sequence
file, the database configuration needs to be altered. It is located in a file named
“settings.pm”.
3.2.3. Principal Coordinate Analysis (PCoA) Plot
We implemented PCoA algorithm and as a result we can view scatter plot of two or
more samples showing their dissimilarities for selected region in the sequence.
When there is grouping assigned, the scatter plot will automatically assign different
color to different groups. Figure III. 4 depicts a scatter plot generated by the feature.
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It is generated from malaria strains collected from Thailand and Burkina Faso. This
data is published in Nature in June 2012 (Manske, et al., 2012).

Black : Burkina Faso
Green : Thailand
Grey : Ungrouped
Red : Hovered

Figure III. 4 PCoA plot for 50 strains of Plasmodium falciparum malaria from Thailand and Burkina
Faso.
Highlighted in red is current point hovered by the pointer and has the details printed in the upperright rectangular. The box in the middle shows details of previously clicked point.

Supporting this feature, the zooming and position selection slider used in VarB main
interface is utilized to allow us performing the PCoA plot in different positions. This
functionality eases the analysis of specific region and its effect to the scatter plot. It
could be used to find the most influential region or gene. Figure III. 5 shows
different PCoA plot for different position ranges.
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a

b

c

d

Figure III. 5 Various PCoA plot in different genomics position
a) PCoA plot for Plasmodium chromosome MAL1 in position 40000 to 50000
b) PCoA plot for Plasmodium chromosome MAL1 in position 400000 to 500000
c) PCoA plot for Plasmodium chromosome MAL1 in position 400000 - 450000
d) PCoA plot for Plasmodium chromosome MAL1 in position 1-50,000

Besides variable position, it provides flexibility in samples selection. We can select
subpopulation for the computation. It will alleviate the calculation as well as
narrowing down the observation.
Distance Calculation
The distance is calculated by counting number of genetic difference between
samples. The tool can accommodate variants that have up to two ploidy (diploid).
One allele difference contributes 0.5 to the distance. For instance in the variant
coding in VCF files, 0 means identical with reference genome, 1 means the same
with first alternative listed for a particular variation, 2 for the second, etc. Table III. 2
shows an example of variant coding from 2 strains that are diploid. For triploid it
will look something like “1 | 0 | 1”
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Table III. 2 Distance Calculation Example

Position 1

Position 2

Position 3

Strain 1

1|0

0|0

1|1

Strain 2

0|0

1|1

0|1

Distance

0.5

1

0.5

In example shown by Table III. 2, the distance between the two strains is the total
distance, hence it is 2. It will then be normalized with total number of variations of
all considered strains.
3.2.4. Strain Distribution Map
This component facilitates user to view the distribution of the sample origin on a
world map. Applying Google Map API in Qt Web Kit, it draws the distribution map.
The spatial data should have been uploaded in Google Fusion tables with the
permission set to public. We can also look at the emergence of the strains across
time provided that the information is stored in a public table.
For the purpose of testing, we have uploaded data from 139 samples of Vibrio
cholerae published by Mutreja and his teams in Nature (Mutreja, et al., 2011). Figure
III. 6 shows the distribution map of Vibrio cholerae strains across the world.
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slider for year selection
Figure III. 6 Distribution Map

As a prerequisite for viewing the map, a user should either upload the latitude and
longitude or the name of the location. Included in the dialog is a slider for time. As
user slides to the right, the map will be updated showing strains only up to the year
selected by the slider. User has an option to view strains sequenced in a certain year
alone.
Currently the user needs to upload their table separately and give the table ID to the
system. For future development, it is plausible to integrate the table with the main
user interface.
3.3.

Key Challenges Faced in Designing the Visualization Tool

A picture is worth a thousand words. While we can have many extraordinary ideas
for ways of visualization, the major challenge is whether it will have significant
advantages to scientific community. Ideally a new technique of visualization should
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be able to generate images rich of biological insights that will lead scientists to
potentially important findings.
The design of the techniques should be able to be assessed in such a way that will
give an idea of how the tools should be developed. Too much information without
carefully designed technique will result in a too cluttered display and hence become
less informative. An iterative development is ideal since feedback from potential
users is very important. Our tool has been subject to continued monitoring process
during its development and has received considerable feedback after completion.
The feedback shows positive reception and wide scope for potential improvement.
Another challenge is that as we have more bytes of information to be visualized
altogether in a single display, the memory requirements grow. While machines with
hundreds of gigabytes RAM are almost mandatory in any bioinformatics center,
tools designed for standard desktop/laptop capability are still very important. As
interactivity between user and the tool is crucial, the tools’ success will rely on the
management of data storage between memory and disk. The more computation can
be pre-computed, the more effortless it would be for seamless display. Such
technique is not trivial and remains as a challenge as the demand for more detail
information increased. We implemented such attempt in computation of PCoA,
which will be further discussed in Chapter 4.
3.4.

Performance

The extensions have undergone several tests on various data sets. Table III. 3 lists
datasets that have been applied. For Vibrio cholerae data, we obtained them from
public repository in FASTQ format. The files were further processed through a
pipeline that we wrote by utilizing samtools and bcftools (Li, 2009) in order to
obtain the BAM file format for the purpose of generating the VCF files as well as to
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allow its compatibility with LookSeq. Another script is written for the purpose of
generating multi-sample VCF file in the latest version of the format.

Organism
Vibrio cholerae
Vibrio cholerae
Vibrio cholerae
Plasmodium
falciparum
Mycobacterium
tuberculosis H37Rv

Table III. 3 Dataset for Testing
Number of variation for all Number of Number
of
chromosomes
Sample
Chromosome
73,062
140
2
63,648
70
2
59,370
50
2
23,942

50

14 + 2

5,868

9

1

Plasmodium falciparum has 14 chromosomes in nuclear genome and 2 organelle
genomes. Table III. 4 shows time taken by each task to finish. The values are average
of several repetitions of conducted experiments. It is tested in Mac OS X version
10.6.8 with 2 GHz processor and 4 GB Memory 1333 MHz DDR3.
Table III. 4 Performance Summary

(In seconds)

PCoA computation and
plot

Vibrio cholerae

Plasmodium

H37Rv

139

70

50

50

9

samples

samples

samples

samples

samples

245

57.67

29

0.33

0.33

-

5.6

LookSeq

-

Distribution Map

17.86

-

In its official website (www.pathogenseq.org/varb), VarB uses Plasmodium
falciparum with 16 chromosomes and 50 samples as its dataset sample (Manske, et
al., 2012). Details of this data are provided in Table III. 5. We used it for standard of
testing and it showed that PCoA plot has performed efficiently in less than 1 second.
For other dataset, we considered its performance as expected considering its large
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size. To the best of our knowledge, there is no other tool performing PCoA plot and
hence we have not found a suitable benchmark for comparison. Further
improvement and optimization is necessary and hence we place it in our future
work.
Performance of LookSeq depends on the communication speed between VarB main
user interface and LookSeq server. Apart from that, there is no other significant
process that burden the execution time.
In testing the distribution map, currently we can only test with Vibrio cholerae data
since it has various places of origin whereas for Plasmodium falciparum data, we had
access to data from only two countries. The execution time for Distribution Map will
vary between users depending on the internet speed. At the time of testing, the
average downloading speed we had was 19.37 Mbps. We considered the execution
time as acceptable since it took time for retrieving bytes of information from Google
server and render all customized points for all samples.
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Table III. 5 Plasmodium Data

Chromosome Name

Length

Number of

(bp)

variations

MAL1

643293

852

MAL2

947103

1055

MAL3

1060088

1115

MAL4

1204113

2012

MAL5

1343553

1374

MAL6

1418245

1187

MAL7

1501714

1896

MAL8

1419564

1515

MAL9

1541724

1482

MAL10

1687656

1790

MAL11

2038338

1909

MAL12

2271478

2217

MAL13

2895606

2445

MAL14

3291872

3093

PF_apicoplast_genome_1

29431

0

Pf_mito

5968

0

Total

23299746

23942

46

Chapter IV
Design and Implementation of Visualization Tool
In this chapter, we describe implementation details of the four extensions we
proposed.
4.1.

Scope of the Visualization Tool

This tool is intended only for diploid organism. The limitation is caused by the way
it stores the variation data. As the tool initially consider only up to diploid organism
in their variation storing structure, the extensions are built accordingly. This is
reflected in the computation of PCoA in its distance measurement. In haploid case
where the code has only one digit, the system will assume the second digit to be
identical with the first one.
For different purposes, the tool needs to exploit different format files. Often, the
same information can be obtained from different files and it becomes mandatory to
ensure that corresponding information in different files are consistent. In the
version of the tool that we are working on, it assumes that this requirement is
satisfied. It had no conjunction checking for different file format for its input. This is
very important and currently is under development. Hence at the moment it
assumes all the files from different format has no conflict in terms of several
common properties such as chromosome names and length.
4.2.

Primary Component

1. Qt
Qt is a cross-platform programming environment mainly for C++ that has been
widely used for GUI-based application. Besides, it is also used for developing
command-line tools and consoles for servers.

47

(http://en.wikipedia.org/wiki/Qt_(framework),

July

18th

2012).

Initially

developed by Nokia, it is now an open source project. It has many libraries
especially for GUI-related components. Two most essential components that are
used in building our extensions will be discussed in this section.
a. QGraphicsScene
This component is used in PCoA plot as the canvas to place plot of axis, points,
and labels. It has multi-layer coordinate system that can be adjusted according to
the needs. (http://qt-project.org/doc/qt-4.8/QGraphicsScene.html, July 25th
2010)
b. QtWebKit
This component allows us to embed web page in VarB user interface. It is used
for the LookSeq integration and the Samples Distribution Map.

(http://qt-

project.org/wiki/QtWebKit, July 25th 2012)
2. ALGLIB
This is a cross platform mathematic library especially for numerical analysis. We
used this library for computing the PCoA. Utilizing this open source library we
have achieved fast PCoA computation. (http://www.alglib.net/, July 25th 2012)
3. Google Map API and Fusion Table
Google Map API enables us to embed map to our application. Google Fusion table
is a Google document in an excel sheet form with the capability of SQL-like
query. It has been improved with the feature of integration with Google map.
The data in Google Fusion Table can be represented in a map as long as there are
one or two fields for location information.
(https://sites.google.com/site/fusiontablestalks/stories, July 25th 2012),
(https://developers.google.com/maps/documentation/, July 25th 2012).
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4.3. Design and Implementation
In this section, functions, libraries and several main algorithms that built each
feature will be described. All codes will be released under an open-source scheme.
4.3.1. Genome Coverage Plot
In developing this extension, we run BEDTools to generate the coverage file, wrote a
script as well as developed a user interface for the files merging, and modified the
paint function of the variation track.
4.3.1.1. Running BEDTools
Input file format for this extension is tab-separated text files, which stores coverage
information of every strain in each column. To achieve this, firstly user need to
generate ‘bed’ format files from BAM file by using ‘genomeCoverageBed’ module
with option ‘–d’. Without specifying the –‘d’ option, by default it will give us a
coverage histogram instead of per-base coverage. It will generate one file per
sample. User will need to place the command in a loop when dealing with large
number of samples. We did this when testing the 139 samples of Vibrio cholerae
dataset.
In order to run this module, user will need the corresponding BAM file for each
sample, and a genome file. A genome file is a tab-delimited file containing length of
all chromosomes of the observed organism. Figure IV. 1 depicts the expected format
of the genome file.

Figure IV. 1 Genome File Format
Source : BEDTools Manual Version 4.1

49

4.3.1.2. Merging
Next step in the pipeline of this feature is to merge genome coverage files produced
by BEDTools. We developed two kinds of merging utilities, a Graphical User
Interface and a bash script. The two utilities have same purpose, which will extract
only necessary information from each coverage file, and combine them in a new file
containing information from all samples arranged in an acceptable format. The
format is tab-delimited column with each column represents coverage level of each
sample. The UNIX bash script was written as alternative for large files processing
where the user can run it easier in a multicore machines. The file produced in this
step is the input for the feature.
4.3.1.3. Painting
In order to paint the zero-coverage marker in line with the variation marker, a
modification is made to the existing paint function. For every single numerical
position in the variation plot, the system will paint grey lines when the coverage
level in that particular position is zero. The system loads the input file, stores only
positions with zero coverage in memory, and paints them before drawing the actual
variation marker.
The user will be asked to choose for which chromosome the coverage file is. At the
moment there is no flexibility to load genome coverage for only a number of
samples instead of the whole samples.
4.3.1.4. Source Files


Basecoveragedialog.cpp

Basecoveragedialog.cpp contains function that allows user to choose file to be
loaded and call the loadCover function that trigger the painting of the coverage.


Combinedialog.cpp

50

Combinedialog.cpp contains function that will help the user to merge several bed
files into the acceptable format. Completed with a friendly user interface, it allows
the user to choose file(s) comfortably.
4.3.1.5. Main functions
1. Variation.loadCover
This function is parsing the coverage file line by line sequentially and save only
lines which have zero, meaning we discard positions that has complete coverage in
all the samples. The filtered information is saved in a struct format as follow:
typedef struct {
long position;
int * coverage;
}Base;

The ‘coverage’ attribute is pointing to a linked list of coverage for all samples. This
way it will reduce the amount of memory used since it will save the position once.
Lastly, the function called another function that updates the variation track with
the coverage plot.
2. MainWindow.createCoverFile
This is one of utilities that merge the genome coverage files generated by
genomeCoverageBed from bedtools. It is taking necessary fields and converts to
the acceptable format.
4.3.1.6. Scaling
To enhance the performance of this feature, we designed a scenario of loading the
sequence data. In the current implementation, when the user loads the input files
for the first time, the program will be suspended for certain amount of time
depending on the size of the data. It will load the whole files into memory and hence
it will take noticeable amount of time. We seek possibility of changing this scenario
such that when user loads the files for the first time, it will by default view only first
chunk of the file. And while the user is observing the view, the program will load
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more bytes of information. Adopting this strategy, user won’t notice the amount of
time it takes to load since the program instantly provide initial view so that the user
isn’t aware of the whole loading time.
Another strategy is to change the approach of zooming. By zooming, we basically
change the window size or the number of variations that can be viewed in a single
display. At the moment, the program can zoom with any level of depth in which no
determined size of bytes to load at a time. If we fix several window sizes, as a certain
multiplication of bytes to load, we can choose not to load the whole files in the
beginning and when the user query a certain position, the program can compute the
range where the query fall and easily jump to that particular location in the file. This
strategy can be further enhanced by creating index files.
Implementing any of the above approaches means modifying the whole way of
loading the file(s) from the original VarB. Hence we need to address this more
carefully.
4.3.2. Principal Coordinate Analysis (PCoA)
PCoA extension has been designed to allow user to select either to perform the
computation against all strains or a selection of them. It will enable the user to have
more careful look at few specific strains in interest besides the overall view.
There are two parts for this feature, computation and plot. A math library called
ALGLIB is used as the engine for the computation. Two separate functions for the
distance calculation and the PCoA computation are written for this purpose.
4.3.2.1. PCoA Computation
The computation starts from VCF file, which store all variations information. At the
time the PCoA is started, variants information are already in memory. The program
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load them all when the user loads the VCF file, which is required before starting
PCoA.
Having the variants in memory, the program called a function named
buildDissimilarityMatrix. As the name suggests, it is written to build the
dissimilarity matrix that is the input for PCoA. When it is finished, another function
to compute the PCoA is called. This function is written based on the following
pseudocode :
Pseudocode of PCoA
x <- dissimilarity Matrix
//double centering :
R <- rowMean(x)
C <- columnMean(x)
for i<- 1 to rowOfX
for j<- 1 to columnOfX
xi,j = xi,j – Ri – Cj
[EV, ER] <- eigenvalue(x) //EV = eigenvalue, ER = eigenvector
resultMatrix <- ER * SQRT(MAX(eigenvalues))

4.3.2.2. PCoA Plotting
Once the computation is done, the dialog box for the plot is prepared. X and Y axis
are drawn along with automatically adjusted label values. A function to compute this
adjustment is written. Red lines are placed to mark the zero values. Depending on
the grouping assignment, points’ color are determined randomly. The legend for
points’ colors follow accordingly. This automatic scheme is written to accommodate
variable number of groups.
4.3.2.3. Source Files


pcoa.cpp
This class provides routines for building the input matrix and computing the
PCoA



pcoadialog.cpp
This source file store routines for building the PCoA display.
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point.cpp
This class is dedicated for points, which stores all its properties like color and
group ID.

4.3.2.4. Main functions
1. PCoA.buildDissimilarityMatrix
The dissimilarity matrix here is a matrix that stores the pairwise distance for all
points. Before building this matrix, another matrix is needed, which is the SampleVariants matrix. Columns represent variants whereas rows represent samples. This
matrix is written to a file, which is later loaded line by line for the computation of
dissimilarity matrix. Every single line is compared with the rest of the lines in order
to compute the pair-wise distances. Here we read only the lines being compared
instead of the whole file at once. The distance is computed based on the number of
variant difference between two samples.
Distance Computation
Assuming that the observed organism is diploid, a genetic variation can contribute
either 0, 0.5, or 1 to be summed up as the distance. It will be 1 if both alleles from
the two samples are different, 0.5 if only 1 allele is the same, and 0 if both alleles
are identical. Table IV.I and IV.II depict an example of the distance calculation.
Table IV. 1 Example : 3 Samples with 3 SNPs
Pos 1

Pos 2

Pos 3

Allele

1

2

1

2

1

2

Sample 1

A

T

C

A

A

A

Sample 2

T

T

C

T

T

T

Sample 3

A

A

G

T

A

A
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Table IV. 2 Distance Calculation/ Dissimilarity Matrix
Sample 1

Sample 2

Sample 1

0

Sample 2

2

0

Sample 3

1.5

1.5

Sample 3

0

2. PCoA.computePCoA
This function is the basic function to perform the PCoA computation. The function
benefit from a fast and efficient mathematics library called ALGLIB. This library is
used to compute the eigenvalue. In addition to eigenvalue routine, the matrix datatype is adopted from the library. Apart from that, the rest of the pseudocode is
written independently.
3. PCoADialog.initData
This function is called when the PCoA computation is done. It computes the range
for x and y axes according to smallest and largest number in the result matrix, and
calls other functions, which is written to plot the axis and points. In plotting the
points, an automatic coloring scheme is designed to accommodate variable number
of user-defined group(s).
4.3.2.5. Scaling
It is a big challenge for the PCoA computation when we have large number of
samples or variations. At some point, we need to think about using parallel
computers as a support. We might be able to do this by enabling the feature to send
the input matrix to a cluster of machines and wait to retrieve the resulting matrix
before finally plotting it in the dialog window. Moreover, we might want to optimize
and rewrite the PCoA codes in order to adapt it to parallel architecture.
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4.3.3. Integration of LookSeq
Here we installed LookSeq on our local server. We intend to make it publicly
available in the next version of the extensions. It is very important to note that the
naming of the samples must be kept consistent between VarB and LookSeq.
LookSeq performance depends on the quality of communication between the VarB
main user interface and the server. Thus, to ensure seamless browsing experience
for the user, a high speed connection is essential as well as a high specification
machine for the server.
4.3.3.1. Source files


LookSeqWindow.cpp
In this file, all routines related to LookSeq is written. Besides building this user
interface for LookSeq, we modify VarB main user interface in order to allow user
to select certain position within the sequence for viewing purpose in LookSeq.

4.3.3.1. Main functions
1. LookSeqWindow.locatePosition
This function provides the ability to ‘link’ VarB user interface to the LookSeq view.
It will either take current position range, certain variation position (if selected) , or
any pre-specified region, as input for the LookSeq view.
This has been made possible by use of QtWebKit. It provides the ability to lookup a
URL right from the main user interface. When the user clicks the LookSeq link,
after selecting certain position, a new Qt window will pop up , and load LookSeq
view from the local server. The user preference is passed to the new window as
parameter for the view rendering.
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4.3.4. Strain distribution visualization on a world map
4.3.4.1. Google Map API
This feature utilized Google Map API to incorporate the map into VarB. It allows us
to embed powerful Google Map functionality into the application and customize it
to our needs. A script to communicate with Google Map server to retrieve the map
is written.
4.3.4.2. QtWebKit
In the Qt side, we benefit from QtWebKit, a module that allows rendering HTML
and CSS content. It provides a web browser engine as well as classes to render and
interact with web content. With its use, we are able to view html content in VarB
user interface.
4.3.4.3. Google Fusion Tables
Similar with Google spreadsheet, this is basically a more sophisticated table with
capability of handling user’s SQL-like query. Its recent development allows user to
integrate the data with Google Map given the location information is stored in the
table. The fact that it is in the cloud opens possibility of world-wide collaboration in
maintaining the data. Likewise, we can restrict the editing privilege to certain
trusted user(s). Several routines to translate user preferences into queries to be run
against the table are written.
4.3.4.4. Source files


mapdialog.cpp

This class controls the interface of the map.


gmap.cpp

All functions related to the HTML code for the map are written in this class including
the function that handles the API of Google Map and Fusion Tables query.
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4.3.4.5. Main functions
1. GMap.loadMap
It creates a new page and loads the map on top of it.
2. GMap.updateYear
This function will update the view of the map by injecting selected year in form of a
javascript command.
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Chapter V
Conclusion and Summary
5.1. Research Summary
Abundance of genomics data has led to the developments of various bioinformatics
tool aiming to help scientists in finding meaningful pattern and or understanding
evolutionary processes. A number of tools have provided ways of data
representation from variation data and VarB is one of them.
We extended this tool in four directions, namely Genome Coverage Plot, PCoA plot,
integration of LookSeq, and Distribution Map. Genome Coverage Plot is built to
remove ambiguity in white spaces in original variation plot, in which it could be
interpreted as either identical to reference or uncovered region. PCoA plot revealed
the closeness or dissimilarity of samples and can be customized for user-defined
region of sequences. Integration of LookSeq has empowered user to have more
careful observation in the sequence of corresponding variants in observation. Its
web-based property integrated with the PCoA plot will allow users across
continents to collaborate in large-scale genomic analysis project. Distribution Map
concludes the series of features with its ability to visualize spread of samples origin
across time.
With acceptable performance times, these features have potential to be further
developed to make the scientific community more fluent and productive in
interacting with their data.
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5.2. Future Work
We lists several important points for future work as follows:
a) Phylogenetic tree is very important for understanding the samples
evolutionary relationship. Hence we plan to add a functionality to compute
and plot phylogenetic tree from the variation information.
b) We want to improve the execution time of genome coverage plot. A number
of strategies have been discussed. One of them is to divide the genome file
into several regions and load partially based upon user selection.
c) At the moment haploid organism is treated as diploid, especially in the
computation of PCoA. We will address this issue in the next development
stage.
d) As the size of genomic data is growing, we would like to scale up our
extensions aiming for high performance solution.
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