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ABSTRACT 

DNA methylation acts as a vital role in cancer detection. Lack of visualization tools 

wastes researchers‟ time when they are doing their projects and conducting research. 

They need a tool that is able to help them to analyze and visualize their data. None of 

the current visualization tool provides complete analysis and visualization for a 

bisulfite sequencing data. Thus, the project aims to develop a visualization tool for 

methylation. This project will save their time by generating publishable graphs. The 

objective of this project is to visualize overview of DNA methylation and analyze the 

quality of the input data. The visualization tools are written with the handling of large 

amount of data in mind since that is where they are most needed. The input file will 

be accepted in bgzip or gzip format. They will accept standard tables generated by 

BSMAP, or any input file with enough chromosome details. The tools are developed 

in the current standard practice in web development platforms:  TypeScript, python, 

and d3.js. 
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CHAPTER 1 

 INTRODUCTION 

SECTION 1.1- PROBLEM STATEMENT AND MOTIVATION 

DNA methylation is a process of adding methyl groups to DNA molecule and 

form 5-methlcytosine (5mC). DNA methylation has been broadly studied for its 

character which changes the DNA activity without changing the sequence. DNA 

methylation acts as a „hat‟ to suppress DNA. DNA methylation is an important 

epigenetic mark that plays a vital role in genomic imprinting, X-chromosome 

inactivation, embryonic development, suppression of transposable components, aging, 

carcinogenesis and other biological process. These characteristic modifications have 

been linked to cancer and several chronic diseases. The increase in projects on DNA 

methylation has led to an increase in available genomic and epigenetic data. 

However, lack of available tools to visualize huge genomic data and display 

interesting interfaces slows down the researcher‟s work and degrade the presentation 

of the researcher. Limitations that exist in currently available tools to visualize the 

outcome also degrade the presentation of the researcher. Researcher cannot make an 

interesting presentation with their results and discoveries to help others better 

understand their work. Besides, it is time-consuming for a researcher to interpret and 

visualize the data without the aid of tools. There is increasing data obtained in this 

field but no suitable visualization tool exists to help researchers visualize the results 

for public viewing. With that, researchers are having difficulty in explaining their 

results and discoveries to the authorities and the public that might be interested in this 

matter. The results and discoveries of their research will not be widely spread. The 

quality of the researcher‟s job might also be affected. Researchers need to waste more 

time to analyse the sequence of DNA methylation. They also need a tool that can be 

used to display and analyse their information that can also be directly used in their 

papers with publishable quality. In short, it is important to take the problem into 

consideration and develop a solution to solve it. 

The project aims to develop an interactive online tool that helps in DNA 

methylation studies. The tool aims to provide meaningful information and interface 
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for the researchers. Static figures in DNA methylation results make them difficult to 

explain. Moreover, they can use the tool to generate interactive graph and chart for 

their research. Static graph or chart that cannot interact with user is difficult to show 

the details of the graph clearly. The interactive graph or chart captures details of the 

DNA methylation research results and shows in interesting way so that they can use 

the graph produced to give a clear elaboration for their research and use for 

publication. 

SECTION 1.2- BACKGROUND INFORMATION 

 DNA methylation is an epigenetic system that transfers methyl to a specific 

base in cytosine. The process is carried out by DNA Methyltransferases (DNMT). 

DNMT1 maintains methylation and controls cell division. DNA methylation status 

has a strong inverse correlation with gene expression. DNA methylation normally 

happened at outside promoter region. Promoter region contain gene expression that 

helps in transcription of gene. Once methylation occur in promoter region, the 

merging of transcription factor with promoter will be damaged. It affect gene 

transcription of the cell. Some of the silencing of gene transcription may cause cancer. 

DNA methylation pattern changes in cancer cell. In normal cells, there will be an 

absence of methylated cytosine in the promoter region. While in the cancer cells, the 

cytosine in promoter region is methylated and results in no transcription of gene. 

Some of the transcription helps to repair mutation of the cell. Due to transcription of 

gene silencing in tumour gene promoter, mutation in cancer cell increased. 

 CpG site or CpG Island is one of the important concept that is going to be 

illustrated in the project. The CpG sites are regions of DNA where a cytosine 

nucleotide is connected to a guanine nucleotide like Figure 1.2.1. Many CpG sites 

form a CpG island. CpG islands arise near promoter region of the gene. CpG island 

methylation will result in control of imprinted gene and X-chromosome inactivation. 

Besides, methylation of CpG is important in control of gene expression.  

 

Figure 1.2.1 CpG site/ CG site 
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 Detection of Differentially Methylated Regions is one of the main figure that 

is going to visualize in the project. Differentially methylated regions (DMRs) are 

genomic regions with various methylation status among different samples (tissues, 

cells, individuals or others). These regions worked as functional region which is 

regulation of gene expression (Zhang, Y et. al, 2011, e58). DMRs show abnormal 

methylation status in cancer compare to normal cell. 

 There are various methods used to detect genome-wide DNA methylation. 

Whole genome bisulfite sequencing (WGBS) used to determine DNA methylation 

status in single cytosine. It is more powerful compared to others but at the same time 

associated with high cost. Table 1.2.1 compare the methods that are used to detect 

DNA methylation. 

 

Table 1.2.1 various method used in detect genome wide DNA methylation. 

 

 Figure 1.2.2 shows the step in bisulfite library preparation. Fragmentation of 

DNA cut genomics DNA into many fragments. Some of the fragments might face 

difficulties to undergo treatment due to different lengths of fragments. Thus, end 

repair adds adaption ligation to the fragment before bisulfite conversion starts. All the 

unmethylated cytosine will be converted to thymine while methylated cytosine will 

remain as cytosine. Repair of DNA fragment can be identified. The adaption ligation 

added will not consider as effective cytosine in DNA methylation.  
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Figure 1.2.2 WGBS steps in bisulfite library preparation 

 In addition, tabix is one of the tool that will be used to retrieve genomic data. 

Tabix indexed the bgzip files in tab separated format for example GFF, BED, SAM 

and VCF. Tabix allows fast data retrieving by query it with the format of “chr1:begin 

position-end position”. Moreover, tabix is a powerful tool that retrieve data from a 

compressed genomic file. VCF is the genomic file format that will be using for the 

input as Figure 1.5.3. It contains 8 fix columns that included the information for the 

chromosome at certain position. It is similar to the input file that is going to be used. 

 

Figure 1.2.3 VCF file format 

SECTION 1.3-OBJECTIVE 

 The main objective of this project is to develop a tool that helps researchers to 

visualize the result of methylation studies. The tool developed aims to help 

researchers and users alike to analyze their research results and generate figures with 

publishable quality. Most of the DNA methylation analysis and results are expected to 

be visualized by using the tool. 
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 Moreover, the sub-objective of the project is to develop an interactive 

visualization tool that accept a large data genomic input from user. The genomic input 

that normally needed to visualize the data may be larger than 10GB. Thus, it is 

important that it can process a large genomic data. 

 Besides, the visualization tool is expected to display the analysis result of 

DNA methylation based on user input. The input will be analysed and the quality of 

the input will be shown. The visualization tool is expected to have an interaction with 

the user. Extra information of the figures need to be delivered in an interesting 

method. The project will be focused on develop an interactive DNA methylation 

profile that allowed user to view the details by focusing and dragging the diagram.  
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 In this project, bisulphite sequencing mapping is not covered. The input 

provided should be in BSMAP table format. Raw sequencing input need to be 

processed through BSMAP before this. The project will only focus on visualization 

for DNA methylation. Building of the platform will not be covered in this project.

Figure 1.3.1 The cross section area will not be covered in the project. The input need to be processed before 

upload. The green square highlighted parts that are not going to be focused in the project. The yellow circle 

highlighted the parts that are going to be visualized in the project. 
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SECTION 1.4- PROPOSED APPROACH AND ACHIVEMENT 

 Researchers need a visualization tool that can completely visualize the 

analysis results of DNA methylation. The proposed interactive visualization tool will 

solve the researcher‟s problem. An interactive online tool that visualize the 

methylation studies will be developed at the end of this project. The tool aims to help 

users control the quality of the input, display the depth of methylated Cytosine and 

show overview of DNA methylation. 

 The project intends to handle large genomic data, analyse and visualize the 

analysis result. Table 1.4.1 shows ratio of cytosine covered at 2x. Distribution of the 

coverage depth of cytosine shows the overall effective cytosine in the sample. It 

determines the quality of input. Figure 1.4.1 shows the distribution of the coverage 

depth of cytosine. Blue line in the graph represent the frequency of the cytosine at the 

particular effective cytosine count. For example, the total effective cytosine in the 

table is 10 but the effective cytosine with count 1 is 2. The graph will show that 

frequency at count=1 is 0.2. The green line represent the accumulative percentage of 

the effective cytosine count. Figure 1.4.2 shows distribution of methylation level in 

mC, mCHH, mCHG. At methylation ratio equals to 0.25, fraction of total mC will be 

0.4 if the table has four 0.25 methylation ratio and six 1.00 methylation ratio for mCG. 

 

Table 1.4.1 Percentage of cytosine covered by at least 2 read in the content 
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Figure 1.4.1 Distribution of the coverage depth of cytosine 

 

Figure 1.4.2 Distribution of methylation level in mC, mCHH, mCHG (Lister, et.al., 2009) 

Moreover, the visualization tool developed will provide analysis results for 

researcher. There are many analysis results that need to be included in the overview of 

the DNA methylation. Pie chart and bar chart are drawn to visualize the percentage of 

methylation level in a sample. It helps researcher to understand which part of the 
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sample is going wrong by looking at the hypomethylated or hypermethylated part of 

the sample.  

 

Figure 1.4.3 Pie chart that visualized percentage of CG,CHG and CHH 

    

  

 

Figure 1.4.4 Bar chart displayed fraction of CpG in which is in low, intermediate and high methylation 

ratio from different regions. 
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Figure 1.4.7 shows clustering and PCA analysis of CGs across samples. PCA 

analysis and heatmap for the sample will be visualized in the project. Heatmap is 

frequently used in the visualization of gene expression.  

   

 

Figure 1.4.5 Clustering and PCA analysis of CGs across samples. 

An interactive online tool that helps in methylation studies is being developed 

as a product of the project. Most of the graphs contain at least one interaction such as 

“hover” to display detailed information, or “drag” in order to have a clearer view. 

SECTION 1.5- IMPACT, SIGNIFICANCE AND CONTRIBUTION 

 The contribution of the project is a tool that is used to visualize the analysis 

results of DNA methylation. The tool is developed to display complete DNA 

methylation analysis results. Projects concerning human DNA are becoming more and 

more popular. This brings huge impact in the increase of individual genomes. 

Visualization becomes a big problem for researchers. They need to waste their times 

in analysis and visualization of their results. The tool is important to researchers to do 

their analysis and get an interactive visualization of their research results. 

 The tools allows researchers to get better visualization of the overview of 

DNA methylation. They also inform the researchers of their data‟s quality so they can 

justify the accuracy of the analysis result. The visualization tool aims to provide better 

and more interesting interfaces for DNA methylation profiles. 
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 The tools also provide a mean for the researchers who are currently doing 

research on DNA methylation to generate figures with publishable quality. 

Researchers can use the tool to display complete DNA methylation results and 

identify the role or function of a sequence that exists in the functional databases or 

published biology databases. Researchers may need to identify the function of a 

sequence that is highly methylated. By using the visualization tool, they can save their 

time to find out the role and function of the sequence. Researchers will use the tool to 

retrieve analysis results easily. 

 The interactive tool developed will be included as one of the visualization 

modules in the website http://www.dovirus.com/. The tables and visualizations of data 

will be part of the analysis that can be used directly in publication purpose. 

 

SECTION 1.6- REPORT ORGANIZATION 

 The report will be organized as stated below. The report consists of 5 chapters, 

namely introduction, literature review, system design, result achieved, analysis of 

graph generated, and conclusion.  

 Chapter 2 will discuss the proposed solution to envision analysis for 

methylation studies from researchers and developer. Chapter 3 will discuss design 

specification of the project. Chapter 4 will discuss the result of the project. All 

development of the project from input to visualization will be included in chapter 4. 

Conclusion will be the last part of the report. The report details will be summarized in 

conclusion.

http://www.dovirus.com/
http://www.dovirus.com/
http://www.dovirus.com/


CHAPTER 2:  LITERATURE REVIEW 

 

12 

BCS (Hons) Computer Science 

Faculty of Information And Communication Technology (Perak Campus), UTAR. 

 

CHAPTER 2:  

LITERATURE REVIEW 

SECTION 2.1- EXISTING SOLUTIONS OVERVIEW 

DNA methylation modifies the action of DNA segment without moving the 

sequences. DNA methylation is important as it highlights key biomarkers to identify 

some of the chronic diseases. A lot of research is done on DNA methylation and it 

shows that some of the biological process like aging and gene silencing have resulted 

in gene mutation and finally causing cancer. These results and recoveries need to be 

visualized by using a good visualization and analysing tool. A complete genomic 

methylation result and analysis should include methylation level of chromosome, 

CpG sites in the differentially region (DMR), comparison between different 

chromosome, methylation profiles and some others methylation related results and 

analysis. 

 Some visualization tools are developed to perform analysis for DNA 

methylation research and display the results and figures. QUMA is a quantification 

tool for DNA methylation analysis. It speeds up the study of bisulfite sequencing data 

and displays the result. It also allows the researcher who isn‟t familiar with the 

analysis of bisulfite sequencing to perform the analysis by using QUMA (Kumaki, et 

al., 2008, p.W171). The next visualization tool is MethylViewer. It is developed from 

CpGviewer and is used for MAP-IT (MAP individual templates) and MAP 

(methyltransferase accessibility protocol) foot printing tasks to produce more 

complete statistics with an interactive map displaying methylated sites and others 

(Carr, et al., 2011, p.e5). Methylation plotter is a dynamic visualization web tool of 

DNA methylation that accepts up to 100 CpG samples as input and produce graphic 

representation of the results (Mallona, et. al, 2014, p.11). Methylome DB browser is a 

visualization tool that shows DNA methylation profiles (Xin, et. al 2012). It is an 

interactive browser that allows user to move the gene‟s position and shows the 

methylation pattern of the gene. However, it does not support scroll to enlarge in the 

browser. CpGviewer is a simple visualization tool that automates the procedure of 

studying and aligning the DNA sequences of duplicated PCR products derived from 

bisulphite-treated mammalian DNA (Carr, et. al, 2007, p. e79). Despite that, 
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CpGviewer does not completely display or analyse the methylation analysis results 

and only show the summary statistics. 

 Most of the current existing visualization tools do not include complete 

analysis. Researchers need to spend more time to analyse what functions the sequence 

represents like in Figure 2.1.1, which shows the methylation patterns in normal cells 

and cancer cells. Cancer cells in Figure 2.1.1(B) is hypermethylated compared to 

normal cells. Lack of available tools that analyse the known sequence and link it to 

the functional databases adds unnecessary trouble to researchers as well as the readers 

of their research publications. Researcher have to identify and search for the 

functional databases in order to know the role or function of the sequence. Hence, we 

will develop a visualization tool for DNA methylation with the function that links the 

known sequence and functional database or published biology data. The tool will 

include complete DNA methylation analysis results and some additional features to 

perform new analysis and display the figures.  

 

 

Figure 2.1.1 the methylation patterns of normal and cancer cells. (A) The amount of CpG in 

mammalian genome is depleted and most of the CpG sites are methylated (black lollipops).  CGIs are 

normally unmethylated (white lollipops). They are rich in CpGs and occur with gene promoter, 

regardless of gene expression status. The bodies of active genes are enhanced in hydroxymethylated 

CpGs (grey lollipops). (B) In cancer cells, both DNA methylation and hydroxymethylation are 

decreases in cancer genomes yet certain CGIs turn out to be abnormally hypermethylated (Sproul et al, 

2013).   

SECTION 2.2- QUMA 

QUMA is developed to visualize the analysis result of methylation research. 

QUMA is developed to undergo bisulphite sequencing analysis for CpG methylation. 

QUMA accepts FASTA, GenBank and plain sequence in the target genomic sequence 

file as input. FASTA represents either nucleotide sequences or peptide sequences in a 

text-based format (“FASTA”, Wikipedia: The Free Encyclopedia). Amino acids in the 
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sequences is represent using single letter. GenBank is an open sequence database that 

contains all publicly available DNA sequences and their protein translation.  

 

Figure 2.2.1 FASTA sequence format 

Bisulphite alignment, sequence trimming, exclusion of critical sequences and 

methylation status analysis will be implemented to the input in QUMA. All the data 

displayed in the web pages can be downloaded in standard file format. QUMA 

provides almost all of the data processing for analysis of bisulphite sequence. It also 

provides quality control for the input. QUMA perform analysis and generate result in 

a very short time. It helps researcher to visualize their research result and perform 

analysis to get analyzed graphics and statistical results. The figures and tables that 

generated can be customized. The figure below shows one of the output of the 

analysis. However, it does not provide detection of DMRs in the tool. 
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Figure 2.2.2 One of the outputs for QUMA: display the statistical result of the sequences. 

SECTION 2.3- MethylViewer 

 Methylviewer is an advanced CpGviewer that handles MAP 

(methyltransferase accessibility protocol) and MAP-IT (MAP individual templates) 

foot printing projects. Methylviewer accepts alignments that are created by itself or 

imported in FASTA sequence format. It outputs more detailed statistics and 

interactive maps that show methylation sites and unconverted residues outside 

methylation sites. 

 However just like CpGviewer, MethylViewer required user to download 

before use. The alignment imported can be in FASTA sequence alignment only. 

 

Figure 2.3.1 outputs of MethylViewer. A) The interactive plot. Each square represents a methylation 

site and its methylation status. B) Scaled “lollipop” image that is used for publication purpose C) dC 

conversion map show unconverted cytosine residues. 

SECTION 2.4- Methylation plotter 

Lastly, Methylation plotter is the tool that provides statistical summaries for 

methylated data. Methylation plotter is developed by shiny, an R framework. It takes 

a tab-separated file that containing the status of up to 100 CpG in up to 100 different 

samples in beta values format as input. Outputs of methylation plotter are shown in 

Figure 2.4.2 and 2.4.3.  

The application shows an interactive output that summarizes the status of each 

CpG site and for every model in “lollipop” or grid styles as results. Different from 

other existing solution, Methylation plotter perform the subsequent analysis that need 

to be performed on the beta values that is generated from bisulfite-converted 
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electropherograms. It provides fast and easy generated custom plot. However, it does 

not include a complete methylation analysis results.  

  

 

Figure 2.4.1 Data flow of methylation plotter. From the figure above, it shows that the beta values 

needs to be converted to tab-separate text file before upload to methylation plotter.  
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Figure 2.4.2 Output 1 of the Methylation plotter (lollipop look). A) Normal and tumor tissue data are 

alternated by the input data. B) Data visualization once the samples are explicitly organized based on 

the tissue type; the pattern of tumor hypermethylation can be spotted easily. 
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Figure 2.4.3 Output 2 of methylation plotter. A) Unverified hierarchical bundling of the data; sample 

label colours show the user-provided classification. B) Methylation profiling plot C) boxplots for each 

set by displaying the methylation data distribution 

SECTION 2.5- MethylomeDB 

Methylome Database is the database that includes DNA methylation profiles 

of the brain. It uses UCSC genome browser mirror sites to visualize DNA methylation 

profiles of the gene. It can be searched by genomic region, gene name and other 

markers. It is a powerful tool that shows methylation profile by accepting various 

types of input. However, the methylation profiles of the gene cannot be zoomed in by 

scrolling. It only displays information when user clicks on it. 
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Figure 2.5.1 Search by genomic features in methylomeDB browser.  

 

Figure 2.5.2 Methylation profile of gene at specific position. 

SECTION 2.6- CpGviewer 

Besides, CpGviewer is developed to handle bisulphite sequencing projects. It 

is used to produce bisulphite-treated templates. CpGviewer accepts plain text 

sequences or a variety of electropherogram formats as input. CpGviewer aims to 

identify the methylation status of CpG dinucleotide. The methylation status of CpG 

dinucleotide is displayed in Figure 2.6.1. The figure is displayed in an interactive 

view. The detail will be displayed by left click on the square and underlying sequence 

alignment can be reviewed by right-clicking a square. All the squares in the figures 

are editable. User can manually edit the methylation status of any of the figure once 

the programme miscalled a CpG dinucleotide. The output can be saved in text file or 

image file. 
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However, CpGviewer does not perform quality check. It only performs 

sequence alignment and displays in an interactive platform. It also requires user to 

download the tool to perform visualization of the sequence. 

 

Figure 2.6.1 CpG dinucleotide sequence. The colour in the figure indicated the methylation status. 

Black colour is methylated, pink and grey are for unknown status and others colours represent 

unmethylated. The detailed info of nucleotide will be shown by left clicking the square. 

 

Figure 2.6.2 the underlying sequence that displayed through right clicking the square. 

 

Figure 2.6.3 Sequence alignment of the square In Figure 2.6.2. 

 

Figure 2.6.4 sequence that show in “lollipop” style which is normally used in publication.
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CHAPTER 3:  

PROPOSED METHOD/APPROACH 

SECTION 3.1- DESIGN SPECIFICATIONS 

 A tool for visualizing DNA methylation is developed in this project. The 

visualization of DNA methylation can be divided into 2 parts, respectively quality control 

and overview of DNA methylation. The user is expected to upload the input for analysis. 

After the user uploaded the table generated by BSMAP as input, quality control table and 

graphs will determine the quality of the input. Percentage of methylated-cytosine will be 

visualized in overview of DNA methylation. Clustering and PCA analysis are performed 

to classify the sample. Visualization of DNA methylation accepts two type of input, 

bgzip file which is in VCF format or any gzip file that contains needed information for 

the graph.  

 First of all, user is required to upload the results of BSMAP for the samples. 

There will be many chromosomes in one sample file. BSMAP is a software that perform 

effective bisulfite sequencing reads mapping in DNA methylation study. Output of 

BSMAP includes the ratio of effective methylated cytosine, ratio of methylation in the 

Cytosine, context and some useful information that is related to the sample. Figure 3.1.1 

shows standard output tables of BSMAP. Besides, if the methylation result of the sample 

in not in VCF format and cannot perform tabix indexing, user can upload a gzip file for a 

sample. The gzip file should contain chromosome name, position, methylation ratio and 

effective cytosine count so that the analysis can be visualized with valid data. 

The tool will analyse the quality of the input at the beginning of the analysis. Poor 

data will result in showing inaccurate analysis. There are some repair procedures on the 

sample in the process of WGBS. Thus, eff_CT_count from Figure 3.1.1 shows the 

accurate number of effective cytosine on the real sample (without any repair). 
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Figure 3.1.1 Input table by BSMAP (1 of the chromosome in the sample) 

 For the first part of the project, quality control, there will be 3 tables (or graphs) in 

for user to interact with. The first table shows the percentage of covered effective 

cytosine in the sample. The number of covered effective cytosine that is larger than 2, 5 

and 10 is divided with total covered effective cytosine to generate the table. Poor sample 

will result in low percentage of covered cytosine. The tool enables user to select different 

number of reads for covered cytosine at 2x, 5x, and 10x for quality control table. 1x will 

show 100% for each sample so it will not be one of the selection. Table 3.1.1 shows the 

table that will be illustrate for quality control. However, there are no visualization API in 

d3.js for tables. Thus, TypeScript and HTML is used to draw the table. 

Figure 3.1.2 displays the frequency and accumulative of effective cytosine in the 

sample. The effective cytosine count at each point will be counted and divided by the 

total number of sequence to get the frequency. Accumulative in Figure 3.1.2 add up the 

frequency at each point.  

Figure 3.1.3 demonstrates distribution of the methylation level in mC, mCHH, 

mCHG. The methylation level corresponding to ratio from the input. The count of each 

ratio is sum up and divide by the total count of mCG, mCHG and mCHH. If there is five 

out of ten CH have 20% methylated ratio, fraction of total mC will equal to 0.5. Each 

sample will display their own distribution graph. Therefore, the number of graph depends 

on the number of sample. Methylation level in Figure 3.1.3 is the effective methylation 
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ratio from the input. User can control the reads accepted for the graph. The reads range 

from 1 to 10.  

 

Table 3.1.1 Percentage of covered cytosine (2x read). 

 

Figure 3.1.2 Distribution of the coverage depth of cytosines. Blue line represent frequency and green line 

represent accumulative. X-axis indicates the effective count of the sample. 
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Figure 3.1.3 Distribution of the methylation level in mC, mCHH, mCHG. The y-axis shows the fraction of 

all methylated-cytosines in each methylation level/ratio in x-axis (Lister et. al, 2009). 

 Overview of DNA methylation will be visualized in part 2 of the project. The 

overview helps to determine the contribution of DNA methylation to variability of cell 

and phenotypes. Overview of DNA methylation consists of 4 graphs.  

 Figure 3.1.6 indicates the percentage of methylated cytosine in each sample. 

Number of cytosine shows the methylated cytosine in the sample. Total number of 

methylated cytosine in each content type is divided by total effective cytosine to get the 

percentage of methylated cytosine. Figure 3.1.7 shows fraction of CpG in low (<0.25), 

medium (> 0.25 and <0.75), and high (> 0.75) methylation levels in various genomic 

elements. The position of the genomic element will be provided and methylation level of 

each genomic element will be grouped and classified into low, intermediate and high 

level by comparing methylation ratio of the sample. 

Figure 3.1.8 shows PCA analysis and heatmap of CpG sites for the samples. 

Heatmap is a very frequently used matrix in visualization of gene expression. Heatmap 

that shows the methylation ratio of each position is calculated. Due to large amount of 

data from many samples, the methylation ratio is divided by 10k to ensure the heatmap 

can be visualized smoothly. Euclidean distance is used to calculate the distance between 

each sample. The distance between samples form a distance matrix by getting minimum 

among the matrix. Dendrogram between samples is visualized by using distance matrix. 
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PCA analysis is a technique that used to analyze and simplify the data into principle 

component. The PCA analysis can be performed on whole genome, CpG Island, 

promoter and other genomic region. Methylation pattern is identified and clustered using 

PCA analysis. The color of the sphere inside the cube is colored based on the group of 

sample. From that, user can identified the characteristics of methylation pattern 

throughout figure 3.1.6. 

 

Figure 3.1.4 Percentage of methylated cytosines including mCG, mCHG and mCHH. 

 

Figure 3.1.5 Element target. Fraction of CpG in low (<0.25), intermediate (> 0.25 and <0.75), and high (> 
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0.75) methylation levels (Shao et. al, 2014) 

 

Figure 3.1.6 Clustering and PCA analysis of methylation of CpG sites across samples (figure is just for 

illustration purpose) 

  

 The system that is going to be used for the project is run on Ubuntu; python2.7 is 

used to run the server. The software used in the project are git, tabix, Python2.7/pip, 

django, Postgres SQL, node.js and npm. Git is used to clone and upload the project from 

the platform developer. The server runs on Python2.7. Django is the web framework used 

in the project. The web framework used in the project is developed using django and 

node.js. Postgres SQL is an open source database used in the project. Visual Studio Code 

is used to edit and view the code of the project. Tabix is used in fast retrieval of large data 

genomic data files. 

The languages used in the project are TypeScript, SASS, d3.js, three.js and SVG. 

SVG is an XML-based markup language that is used to define vector based graphics in 

XML format. SVG allows every component to support interactivity and animation. 

Drawing area is the part that will display the major graph. The graph will be displayed by 

using SVG in order to let user able to interact with every elements in the figure.  
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D3.js will be used to handle the interaction between user and the figure. D3.js is a 

JavaScript library that helps to visualize the figure. It helps to provide dynamic and 

visualization data figure. D3.js helps us to handle SVG efficiently. It also provides some 

elements just like html that is always used in visualization.  

HTML and CSS are the indispensable elements in a web page development. 

HTML is a typical markup language that is used to develop web pages while CSS is used 

to present the data and attributes in HTML according to different interpretation method or 

styles. SASS act as the extension of CSS makes CSS to become more powerful by having 

more attributes and elements. Python is used in data processing and some statistical 

analysis throughout the module. Python is powerful in handling huge amount of data. 

Typescript will be one of the main language used in the project. Typescript is 

based on ES6 that provides all the features in JavaScript. Typescript handles complicated 

data structure easily.  

Functional testing and interface testing will be performed to ensure the 

visualization of DNA methylation is performing well. Interface testing is used to ensure 

the flow of the modules go smooth while functional testing test the function of every 

module. Functional testing include database testing and flow testing will be used to 

ensure the graphs displayed well without error. Performance of the visualization will be 

tested through different size of file. The visualization planned to work well with large 

data file. 
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SECTION 3.2-SYSTEM DESIGN / OVERVIEW 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SECTION 3.2.1-SYSTEM SETUP 

Figure 3.2.1 shows the work flow of the project. The system is setup before 

visualization start. First of all, Ubuntu is installed in the laptop. Git is downloaded on 

Ubuntu using the following command: 

 

 

Tabix is installed by the following command. Tabix is used to retrieve the genomic file in 

BED, GFF, VCF or SAM format. Segment, starting position and ending position are the 

standard parameters in tabix indexed file. 

    $ sudo apt-get update 

    $ sudo apt-get install git 

 Figure 3.2.1 Workflow of the project 
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Python 2.7 and pip is installed by using the following command. The command below 

install dependencies for Python2.7. 

 

 

The following command helps to download Python2.7.13: 

  

 

 

Then, extract the downloaded file and change to the directory where the file is located 

 

 

Finally install Python 2.7 using the following command. ./configure checks whether the 

application is ready to install and shows the errors if building of application failed. 

Checkinstall command keeps track of all files installed by make install. It also simplify 

the process for package removal or distribution. 

 

 

 

After Python2.7 is installed, pip is installed. The command used to install pip is listed as 

below. First command install Easy Install for Python packages. Then pip is installed and 

followed by virtualenv. 

 

 

 

Postgres SQL is installed to manage the database. Command used to install Postgres 

package is recorded as below. Postgresql -contrib package add more utilities and function 

to Postgres SQL 

 

    $version=2.7.13 

    $cd ~/Downloads/ 

    $wget https://www.python.org/ftp/python/$version/Python-$version.tgz 

    $ sudo apt-get update 

    $ sudo apt-get install tabix 

    $tar -xvf Python-$version.tgz 

    $cd Python-$version 

    $sudo apt-get update 

    $sudo apt-get install postgresql postgresql-contrib 

    $sudo apt-get install build-essential checkinstall 

$sudo apt-get install libreadline-gplv2-dev libncursesw5-dev libssl-dev              

libsqlite3-dev tk-dev libgdbm-dev libc6-dev libbz2-dev 

    $./configure 

    $make 

    $sudo checkinstall 

    $ sudo apt-get install python-pip python-dev build-essential  

    $ sudo pip install --upgrade pip  

    $ sudo pip install --upgrade virtualenv  
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Lastly, node.js and npm are downloaded. The latest version of node.js is needed 

in the project. Curl is a tool that helps in retrieving files to and from a server through ftp, 

http, https and other supported protocol. 3
rd

 command and 4
th

 command used to install 

required PPA for latest Node.js on Ubuntu. 5
th

 command installed node.js and other 

dependencies on Ubuntu. Last two commands help us to check on the version of node.js 

and npm to ensure latest node.js and npm are installed. 

 

 

 

 

 

 

 

Once everything is installed, the project is cloned by using the following 

command. 

 

After finished cloning the project, go to dovirus directory to install packages. 

 

 

 

The project is initialized after installation of the packages. 

 

 

The database is setup by using the following command. 1
st
 command is used to create a 

user named virus while 2
nd

 command is used to create a database. -O in 2
nd

 command 

represent owner. 3
rd

 command switch to server using postgres account. Last command 

changed the password of user named virus to „virus_test‟. 

 

 

 

    $sudo apt-get update 

    $sudo apt-get install curl 

    $sudo apt-get install python-software-properties 

    $curl -sL https://deb.nodesource.com/setup_8.x | sudo -E bash - 

    $sudo apt-get install nodejs 

    $node -v  

    $npm -v  

    $git clone git@git.lhc.moe:dovirus 

    $cd dovirus 

    $pip install -r requirements.txt 

    $npm install  

    $sudo -u postgres createuser virus --createdb 

    $sudo -u postgres createdb -O virus virus_dev   

    $sudo -u postgres psql 

    #ALTER USER virus WITH PASSWORD „virus_test‟; 

    $echo -e "BVD3_ENABLE_SAMPLES = False\n 

    BVD3_INDEX_PACKAGE = 'dovirus' "  > bvd3/settings_bvd3.py 
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The following command helps to migrate existing py file to the packages and create a 

super user for the project. 

 

 

Lastly, run the server and the platform is successfully setup. The platform can be 

accessed through http://localhost:8000/admin/ . A new project is created to generate 

graph in the platform as shown in Figure 3.2.2. 

 

 

    $python manage.py migrate 

    $python manage.py createsuperuser 

    $python manage.py runserver 

    $npm run watch 

http://localhost:8000/admin/
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SECTION 3.2.2-OVERVIEW OF PLATFORM 

There are a lot of directory in the repository in Figure 3.2.3. Bvd3 stores the 

setting needed for the platform. Db is the directory created when the project is created. 

File uploaded will be stored inside db under a file key. node_modules is the modules that 

is created after node.js installed. Virus directory is the directory that the visualization 

module files will be stored. Requirements.txt states the requirements of the software like 

Django that are going to be installed properly after the project clone. Manage.py checked 

the installation of Django on the system. If Django is successfully installed, 

setting_shared.py in bvd3 will be executed. All the database, password, application 

information and some other related information are listed in bvd3/setting_shared.py. 

Reader directory stores python code for another file reader mode in which users 

need to upload whole dataset and the data is processed and exposed to a JSON API. Page 

directory includes the files that will be used for visualization such as drawing a table. 

Templates directory includes many djhtml template files used in the website. However, 

the visualization that is going to be developed in the project will not be focused on the 

interface of the webpage. 

Figure 3.2.2 Interface setup. Project and analysis (graph) is created. 
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Figure 3.2.3 File structure of dovirus repository. 

 

Figure 3.2.4 File structure of virus file. Virus file is the main directory that will often be used throughout 

the project. 
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 Static directory stores app directory that will be used in visualization, bvd3 

directory will be used in component defination, css directory stores sass file that 

responsible for some css design in login page and other related page. App directory stores 

the analysis files that are used for visualization of DNA methylation. The analysis 

module file consists of several files that are used to visualize the graph. Controller.ts 

manages editor setup of the graph while visualization.ts manages the visualization part 

and file reading part.  

Figure 3.2.5 File structure of bvd3. The directory is mainly used in setup of the platform. Setting_shared.py stored 

details about the database and password of the platform. 



CHAPTER 3: PROPOSED METHOD/APPROACH 

 

35 

BCS (Hons) Computer Science 

Faculty of Information And Communication Technology (Perak Campus), UTAR. 

 

 

Figure 3.2.6 File structure of static. Static file is the file that stored most of the coding that used in the 

platform. Graphs, front end coding of the website and some elements structure file is stored in static 

directory. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2.7 File structure of each graph. Reconstructed (graph) is illustrated in the figure. 

Figure 3.2.8 Editor that retrieved input from user to perform analysis. Upload file is one of the action. 
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Js module needs to be added in analysis at localhost:8000/admin in order to 

visualize the graph.  Let‟s take sample graph as example. The details of the graph that is 

going to be visualized will be added like Figure 3.2.12. One JS file represent one graph. 

File keys represent the files that need to be uploaded to the key. In the sample graph, user 

needs to upload two files. The files‟ path will be saved in the uploaded file as Figure 

3.2.14. 

Figure 3.2.9 admin site that used to manage the website.  
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Figure 3.2.10 After selected on analysis in admin site, the analysis (graph) of the project will be displayed 

according to category. 
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Figure 3.2.11 User can add analysis (graph) to the project. 

Figure 3.2.12 Analysis can be added and edited. Sample js module is used as example in this figure. 
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Figure 3.2.13 File uploaded to the database. File directory is stored under their file key. In this example, 

output is stored under file key- file1 in Methylation project. The file will be read in TSV mode. 
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Figure 3.2.15 shows the structure of the coding. Data will be read and processed 

in run().Variables in apiMap represent the files that are going to be uploaded to the file 

key. The visualization coding can be run and debugged using any browser like Chrome or 

Firefox. The error messages in console helps to find error.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

a 

Figure 3.2.14 Structure of program code. Graph is visualized in a. File is loaded and data is processed in b. 

 

b 
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CHAPTER 4:  

RESULT DELIVERED 

SECTION 4.1- HANDLE DATA 

Tabix is a genomic tool that indexes bgzip file and retrieves data from the file. It is 

the solution found to handle large genomic data files uploaded by user. Although there is 

a default tabix api built in the platform, it is handled by admin only and does not support 

upload function for tabix api. Thus, a modification on the upload file function is needed.  

In the project, UploadFile model is modified to process large amount of data. File 

reading function that provided by d3 is not enough to read large amount of data. Browser 

has a small processing power and memory. Thus, in order to handle the data, UploadFile 

function is enhanced. The UploadFile model is changed from storing file, file type and 

mount point to storing file, file type, mount point, post-processed indicator, non-tabix 

indicator, file attribute pattern, chromosome list , starting and ending list of chromosome, 

sample upload file for tabix (sample name), sample upload file for gzip file (sample 

name).  

There are 4 necessary information included in a sample file: position, effective 

cytosine count, methylation ratio and context type. These 4 attributes will be named as 

“pos”, “methyC”, “ratio” and “contexttype”. The attributes in all methylation input files 

should follow these naming. All the tabix files with same sample name will be grouped 

under same sample. Multiple tabix input file is accepted for one sample while gzip file 

can only upload one file for each sample. UploadFile model accepts 3 different upload 

file types: a normal text file- CSV, TSV or other file types with no post-processing steps.  

A tabix indexed file with chromosome name, position, methylation ratio, context type, 

effective cytosine count can be uploaded. This type of file will perform some post-

processing steps such as generating tabix indexed file and generating data that will be 

used for methylation analysis. The tabix file should be uploaded in bgzip format and can 

be indexed by tabix by using VCF type. To upload a tabix file, user needs to upload the 

file and provide the following information: 
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a) Mount point: methylation- Methylation should be chosen for all samples that are 

required to generate graph. Only the sample in this file will generate the analysis. 

b) Post process: The checkbox needs to be checked and indicates whether the file 

needs to be processed.  

c) Sample upload file: Select a Tabix api model that stored the related information 

like file name, column type and column name. New Tabix api model can be added 

for a new sample. Files for a sample should have same sample upload file. 

d) Chromosome list: One file can contain one or many chromosomes. If there is only 

one chromosome, the input for chromosome list will be chr1. If there are many 

chromosomes, the input for chromosome list will be chr2,chr3. The list of 

chromosome should be separated by comma and no space in between. 

e) Starting list: For the file that only contains one chromosome, only one starting 

index is needed. For instance, 10000. For the file that consists of many 

chromosomes, starting index for each chromosome needs to be listed according to 

their position in chromosome list respectively. For example, 10000,20000. List of 

starting index for chromosome needs to be separated by comma and no space is 

allowed. 

f) Ending list: For the file that only has one chromosome, only one ending index of 

the chromosome is needed. For instance, 94100000. For the file that consists of 

many chromosomes, ending index for each chromosome needs to be mentioned 

according to their position in chromosome list respectively. For example, 

12000000,20025000. List of ending index for chromosome need to be separated 

by comma and no space is allowed. 

  Besides, a gzip file with information needed can be uploaded and similar process 

applied in tabix file will be performed in the gzip file. The file should be zipped using 

gzip. To upload a gzip file, user needs to upload a gzip file and complete related 

information: 

a) Mount point: methylation- Methylation should be chosen for all samples that are 

required to generate graph. Only the sample in this file will generate the analysis. 

b) Sample upload zip: Name of the sample and should not contain “/”. 
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c) File attribute pattern: Attributes inside the sample. For unused attributes, use _ to 

skip the attributes. For example, _,pos,methyC,ratio,contexttype. List of attributes 

for chromosome needs to be separated by comma and no space is allowed. 

 

Figure 4.1.1 Model for UploadFile. 

 

Figure 4.1.2 Normal file upload 
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Figure 4.1.3 Tabix file upload interface 
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Figure 4.1.4 Add new tabix api for new sample. 

 

Figure 4.1.5 GZIP file upload interface 
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Figure 4.1.6 Example of GZIP file fill in context  

 Tabix_index helps to create a tabix indexed file. P.wait() is called to wait tabix 

indexed file created before running another function. After creating tabix indexed file, 

process_tabix_api is used to process data and generate file. If uploaded file is in gzip 

format, another process will be run to generate data. 

 

 

Figure 4.1.7 Subprocess that generated tabix indexed file 
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Figure 4.1.8 The file will be saved and processing of file start 

 

 All the processed files will be stored in db/public/methylation/{sample name}. 

The data for a sample will be processed in def process_zip_api (self) and 

def process_tabix_api (self). The details of data processing will be 

explained in the respective section for the graph. Figure 4.1.9 (a) shows that program is 

reading the position that will be considered in graph 7- stacked bar chart according to 

region. All file names of position range for respective element will be stored in 

element.list. These region ranges will be provided by system to process and generate 

related data for stack bar chart. Stack_bar_data is initialized as shown in Figure 

4.1.9 (a). Io.BufferedReader is used when reading gzip file content as shown in 

Figure 4.1.9 (b). It will be much faster compared to using gzip only. With only gzip, it 

will be two times slower than Io.BufferedReader.  
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(a) 
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(b) 
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Figure 4.1.9 Post processing of file 

 

Figure 4.1.10 Element.list 

 

Figure 4.1.11 CDS.info 
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 Data files generated in the processing step of data will be deleted when all related 

sample files are deleted. The data files will be deleted only when all the tabix files in a 

sample or gzip file are deleted. When tabix file is deleted, the context in tabix api is 

checked. If it is empty, the tabix model will be deleted.  

 

Figure 4.1.12 Tabix model cleanup 

SECTION 4.2 - PERCENTAGE OF CYTOSINE COVERED BY AT LEAST 2 

READ IN (TABLE) 

 Table cannot be drawn using d3.js. Thus, TypeScript and DataTable are used to 

generate table that indicates the quality of data. The percentages of cytosine covered for 

each sample are read and used in table. The table is categorized into 2 parts which are 

data processing and data loading. 

 Data processing of the table will be started when user uploads the sample files. 

Effective cytosine count for C, CG, CHG and CHH will be summed up and divided by 

total number of effective count. Percentages of cytosine covered for C, CG, CHG and 

CHH are stored in the directory that contains file for sample. Effective cytosine count for 

2 reads, 5 reads, 10 reads and 100 reads is calculated and saved as depth_cov{reads}.csv. 

If the effective count for 2 reads is generated, it will be stored into depth_cov2.csv. 

List_file[ind_list_file] in Figure 4.2.2 (a) represents the number of reads. Data is 

appended to file that stores data for Table 1. 
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Figure 4.2.1 Data processing for Table 1 

 

Figure 4.2.2 Save data processed 

  The data will be loaded into table through api. Web address used in data 

retrieving for first table is api/process/methylation?option=1&read=2.Parameter (read) in 

address will be changed according to user selection. Methylation in the address shows 

that the program will find the analysis data from the file named methylation. Figure 

4.2.3(a) shows Q() helps to find the folder that contains „methylation‟ in their folder 

names. Tabix Api objects that match qset query will be stored in api and api will be 

used to retrieve file name of the sample. Count and total of the coverage cytosine is 
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retrieved from depth_cov{reads}.csv for tabix samples and gzip samples. The 

percentages of coverage cytosine are calculated and returned. Figure 4.2.3 shows the 

results returned from data loading. Figure 4.2.3 (a) shows that the data is retrieved from 

option 1 with number of reads larger than 2. Percentage of coverage cytosine for each 

sample will be returned as request. 

 

Figure 4.2.3 Reads and filter TABIX or UploadFile object based on qset. 

 

Figure 4.2.4 Data loading – reads data from file. 

(a) 
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Figure 4.2.5 Data returned from process/methylation?option=1&read=2 

 Html template for the table is amended to remove memo and the reserved area for 

SVG drawing as Figure 4.2.6. Template for this table is named as qc_methylation.djhtml 

and stored under templates directory. Radio button for selection and table are drawn 

using html. File- data_tables_methyl.ts appends related rows into the table through ajax 

and DataTable. Number of reads will be retrieved as input to display related percentages 

of covered cytosine file for each sample. The table can be exported into excel or csv.  

(a) 
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Figure 4.2.6 Djhtml template for table 1 
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Figure 4.2.7 Ajax loads data into Table 1 



CHAPTER 4: RESULT DELIVERED 

 

57 

BCS (Hons) Computer Science 

Faculty of Information And Communication Technology (Perak Campus), UTAR. 

 

 

Figure 4.2.8 Setup of percentage of coverage cytosine’s table 

 From Figure 4.2.9, user can find that CHH of LD0_1 and LE100_1 are abnormal. 

The percentage of coverage cytosine in CHH is lower than others. Thus, user can check 

the sample uploaded to identify the problem. The table helps user to control quality of the 

subsequent graph.  10x reads and 100x reads will return unsatisfactory result in the 

following samples due to the samples only have few rows in effective cytosine more than 

10 or 100. 
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Figure 4.2.9 Output of percentage of coverage cytosine (5x reads). 

 

Figure 4.2.10 Output of percentage of coverage cytosine (10x reads). 

SECTION 4.3- DISTRIBUTION OF THE COVERAGE DEPTH OF CYTOSINES 

(LINE GRAPH) 

The graph that visualizes distribution of the coverage depth is drawn using 

TypeScript and d3 version 4. Figure 4.3.1 shows the distribution of the coverage depth of 

cytosine in a sample. Yellow line represents frequency and orange line represents 

accumulative. Methyl_C from the input is used to generate the graph. The graph is 
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separated into three parts which are data loading, data processing and visualization of the 

graph.  

 Data processing processes the data in mCytosine. Depth of the coverage cytosine 

is calculated by dividing total coverage cytosine of each read with total coverage cytosine. 

Count of the coverage cytosine for each read is stored into depth_coverageQc2.csv and 

depth of coverage cytosine will be calculated only when the data is loaded into 

visualization part. 

 

Figure 4.3.1 Data processing 

 

Figure 4.3.2 Save data into file 

Data loading loads data from a specific web address for graph. The graph 

retrieves data from api/process/methylation?option=2&read=0. Number of read is not 

important in the graph. It will not be processed in the data loading function. Thus, 0 is 

simply assigned to parameter (read). Code in Figure 4.3.3 will be run as request. For 

distribution of coverage depth of cytosine that visualized using line graph, 

depth_coverageQc2.csv for each sample will be read. The frequency is sorted by 

coverage reads as shown in Figure 4.3.4 (a). Item.getter(0) gets number of reads of the 

samples and sorts it. Figure 4.3.5 and Figure 4.3.6 show the result returned from the 

request in raw data form and JSON form.   
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Figure 4.3.3 Get the file for depth of coverage cytosine

(a) 
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Figure 4.3.4 Read rows from file and sort it 

 

(a) 
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Figure 4.3.5 Result returned from methylation?option=2&read=2-RawData 

 

Figure 4.3.6 Result returned from methylation?option=2&read=2-JSON form 

Data is processed after retrieving from the api. Frequency of coverage cytosine is 

calculated by dividing the count of each read with the total count in all effective cytosine 
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read in Figure 4.3.7. X-domain is reduced to cut off value that is too small in the graph. 

The x-domain cut off condition is any point that has more than 2 continuous round off 

value of zero. If the continuous count is smaller than 2, then counter that counts for zero 

will be reset. A frequency list without two continuous zero is retrieved.  For instance, 

{0:1000,1:500,2:300,3:0,4:0.000001,5:0.000002} will be reduced into 

{0:1000,1:500,2:300}. Figure 4.3.9 shows how the x and y position of the graph being 

calculated. One row will display 3 distribution graphs.  A margin will be added to x and y 

position of the graphs to avoid the graphs sticking together. 

 

 

Figure 4.3.7 Data processing before drawing of graph- Calculate frequency and fix starting point 
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Figure 4.3.8 Data processing before drawing of graph-Reduce domain of x 

 

 

Figure 4.3.9 Store the processed data into DepGraph for graph visualization 

Each sample will display their own distribution graphs. For example, if there are 3 

sample files uploaded, there will be 3 graphs being added to the layer. Thus, the x-

position, y-position and data for each graph will be calculated and stored for visualization 

process. A for loop is used to append all the graphs for samples into a svg as shown in 

Figure 4.3.10(a). Domain of y axis is retrieved via d3.extent that returns an array of 

minimum and maximum values of the data as shown in Figure 4.3.10 (b). Part c from 

Figure 4.3.10 initializes axis, range and position of x and y. Figure 4.3.11 (a) called axis 
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that initialized in Figure 4.3.13. Figure 4.3.11 (b) append “g” to svg to group all the item 

added to depthline together. Figure 4.3.11 (c) and Figure 4.3.12 (a) draw path to the 

graph. Fill of path in Figure 4.3.12 (a) is set to none to avoid the path drawn has an 

enclosed area. Figure 4.3.13 changes the height of the svg based on number of rows that 

is needed to draw all the graphs for samples. Frequency of coverage depth is presented in 

orange line while accumulative of coverage depth is presented in yellow line as shown in 

Figure 4.3.14. 

  

 

Figure 4.3.10 Visualization- Define axis 

(a) 

(b) 

(c) 
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Figure 4.3.11 Visualization- Call axis and draw line  

 

Figure 4.3.12 Visualization- Draw line and text  

(a) 

(b) 

(c) 

(a) 
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Figure 4.3.13 Visualization- resize the svg for line graphs. 

 

Figure 4.3.14 Distribution of coverage of depth of cytosine for sample LE100_1 

Interaction of the graph includes hover and click. When user hovers the line, 

circles will appear on the frequency and accumulative line (Figure 4.3.15 -a). Detail 

information like Figure 4.3.17 will be displayed. A non-visible rectangle is appended to 

each graph to detect the position of the mouse (Figure 4.3.15 -b). It is better than directly 

applying mouse move on the line. This is because if mouse move is applied on line, 

circles are hard to appear at two different lines when user hovers. Thus, event on mouse 

over and on mouse move is applied on the rectangle. A div that contains detail 

information and circle of the line graph will be shown when the mouse moves into the 

rectangle. Figure 4.3.15 (b) and Figure 4.3.16 (a) retrieve detail information and show in 

div (Figure 4.3.17). If one of the line in the line graph is hidden, the detail information of 

the graph will not be shown in the hover box. Parameters, clickfreparam and 

clickaccparam indicate the visibility of the frequency line and accumulative line. 
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Figure 4.3.15Interaction-draw circle and rectangle to detect movement 

(a) 

(b) 
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Figure 4.3.16 Retrieve information for frequency line 

 

Figure 4.3.17 Retrieve information for accumulative line 

(a) 

(b) 

(a) 

(b) 
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Figure 4.3.18 Distribution graph with hover box 

When the graph cannot be viewed due to two graphs stack together, user can click 

on the legend to hide another graph and double click to show the graph. To show only 

frequency line graph, click on the yellow legend to hide the orange accumulative line and 

double click to show it as in Figure 4.3.20. If only orange accumulative line graph needs 

to be shown on the graph, orange legend needs to be clicked to hide yellow frequency 

line as in Figure 4.3.21. Complete distribution of coverage cytosine that visualizes 6 

uploaded samples is shown in Figure 4.3.22. 
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Figure 4.3.19 Interaction-click 

 

Figure 4.3.20 Frequency line graph 
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Figure 4.3.21 Accumulative line graph 



CHAPTER 4: RESULT DELIVERED 

 

73 

BCS (Hons) Computer Science 

Faculty of Information And Communication Technology (Perak Campus), UTAR. 

 

 

 

Figure 4.3.22 Example of complete visualization for distribution of depth coverage in cytosine  
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SECTION 4.4- DISTRIBUTION OF THE METHYLATION LEVEL IN MC, 

MCHH, MCHG (LINE GRAPH) 

The graph shows the distribution of the methylation level in different contexts. 

Implementation of the graph is separated into three parts which are data processing, data 

loading and visualization of the graph as the previous graph.  

Data processing processes the data in mCytosine.  There are 3 sets of data for y-

axis: fraction of total methylated-cytosine for methylated-C, methylated-CHG and 

methylated-CHH. The methylation ratio of each context is counted and divided by total 

methylated cytosine in the chromosome. The data will be processed and saved in 

depth_coverageQc3_{reads}.csv.  The count for each methylation ratio and total count of 

methylation ratio will be retrieved.  

 

Figure 4.4.1 Data processing- get counts for methylation ratio of context 
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Figure 4.4.2 Save data processed into specific file. 

 

Figure 4.4.3 Setup of distribution of methylation ratio 

Data loading loads data from api/process/methylation?option=3&read={reads} 

for graph. User can choose number of reads range from 0 to 9 from the editor side bar. 

Default reads for the graph is 0. If number of reads is 0, it means all counts in 

methylation ratio are included. If number of reads is 1, it means only methylation ratio 

that consists of effective cytosine coverage larger than 1 will be included. Thus, the graph 

will be drawn based on the data retrieved from 

api/process/methylation?option=3&read={reads} at the beginning. The count that 

received from the address will be divided by total number of count to form fraction of 

total methylated cytosine at specific level of methylation ratio. 
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Figure 4.4.4 Data loading-retrieve data as request 

 

Figure 4.4.5 Data loading-data returned for each sample 
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Figure 4.4.6 Data retrieved for first sample. 

 The visualization and interaction of the graph are similar to the previous line 

graph. Lines for CG, CHG and CHH are added to the graph with same method as 

previous line graph. Interaction added for this graph are hover and click. User can hover 

on the graph to view the detail information of the point. A transparent rectangle is placed 

in each graph to detect the movement of mouse. When the mouse moves within the 
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rectangle, the hover box will display related information. If only two lines have data on 

the point, then information for the point for those two lines will be displayed. For 

instance, if C has no data on x=10 while A and B have a value of 10 and 2 at x=10, only 

information for A and B will be displayed.  When the graph cannot be viewed due to 

three graphs stack together, user can click on the legend to hide another 2 graphs and 

click on reset legend to show the graph.  

 

 

Figure 4.4.7 Distribution of CG after clicked on CG legend 

 

Figure 4.4.8Distribution of CHG after clicked on CHG legend 
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Figure 4.4.9 Distribution of CHH after clicked on CHH legend 

 

 

 

 

Figure 4.4.10 Hover box that show extra details based on CG, CHG and CHH. The additional detail 

displayed based on the color of context. 
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Figure 4.4.11 User can select the distribution of methylation that is larger than n reads. N is in range of 1 

to 10. 

 

 

 

SECTION 4.5- PERCENTAGE OF METHYLATED CYTOSINES INCLUDING 

MCG, MCHG AND MCHH (PIE CHART) 

 Percentage of methylated cytosine is visualized using pie chart. Number of pie 

charts depends on the number of samples. Data processing, data loading and visualization 

of pie chart are included in the graph. 

Data is being processed when sample file is uploaded. Similar to line graph from 

4.4, the count for each methylated context (CG, CHG, CHH) is counted and saved in 

methylation_percentage.csv.  Data is retrieved from 

api/process/methylation?option=4&read=0 (Figure 4.5.3).  Count for methylated context 

for each sample will be returned as shown in Figure 4.5.4. Count for each methylated 

context is retrieved and fed into pie chart generator in d3.  
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Figure 4.5.1 Data preprocessing – get the number of count of each context 

 

Figure 4.5.2 Save data into file 

 

 

Figure 4.5.3 Read file as request 
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Figure 4.5.4 Result returned 
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Figure 4.5.5 Setup of percentage of methylated cytosine 
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Figure 4.5.6 Data is processed to get percentage of methylated cytosine. 

 Pie chart is drawn using d3.pie, path and arc. Text is placed inside the sector. The 

boundary of the text is calculated and checked whether the text is in the rectangle (within 

the pie sector). However, when the sector is too small to fit the text, the text will be 

moved out and displayed above the pie chart (Figure 4.5.9 & Figure 4.5.10). Interaction 

added for this graph is hovering (Figure 4.5.8). Div will be displayed when user hovers 

the pie chart. The radius of sector will be enlarged to make the hover effect significant as 

shown in Figure 4.5.7(a) and Figure 4.5.7(b). 
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Figure 4.5.7 Visualization of pie chart- initialize arc and slice for pie chart 

 

 

Figure 4.5.8 Interaction for mouse enter and mouseleave 

(a) 

(b) 
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Figure 4.5.9 calculate boundary for text 

 

Figure 4.5.10 check text is in boundary or not 
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Figure 4.5.11 Pie chart for percentage of methylated cytosine in each context 

 From Figure 4.5.12, user can observe that sample 1 in day 0 (LE0_1) and day 100 

(LD100_1) are having more CHH compared to others. The details of the context will be 

displayed through hovers the sector of pie chart. 

 

Figure 4.5.12 Complete percentage of methylated cytosine in each context. 

SECTION 4.6- ELEMENT TARGET (BAR CHART) 

 Element target shows the fraction of CpG in low, intermediate and high. Each 

methylation ratio is compared and grouped. The graph helps user to identify the 

methylation pattern in each region.  

 Details of region that corresponding to the position of the chromosome are read as 

shown in Figure 4.6.1. Range of each region is read to detect the category of the position 

in the latter part of data processing. The sample within the position will be categorized as 
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low (<0.25), intermediate (0.25-0.75) and high (>0.75) according to Figure 4.6.2. Binary 

search is used to search whether the position is in range. Checking list of range in each 

region consumes a lot of time by using linear search (>O (n)). Thus, binary search is used 

to speed up the data retrieval process by spending only O (log (n)). Processed data is 

stored in stack_bar_data.csv. The data is loaded from 

api/process/methylation?option=7&read=0. Related information will be retrieved from 

the file- stack_bar_data.csv. Count of CpG for each level and different region are 

calculated.  

 

Figure 4.6.1 Get the range for each region in stacked bar chart 
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Figure 4.6.2 Data processing-categorize methylation ratio of the sample. 

 

Figure 4.6.3 Save processed data into corresponding file 

 

 

Figure 4.6.4 Returned data for each region in sample 
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Figure 4.6.5 Setup for element target in bar chart. 

 A stacked bar chart is visualized to determine the percentage of CpG in each 

region. Count is divided by total count in respective region as calculated in Figure 4.6.6 

(a).  Sum for each column in the bar chart is 1. The number of stacked bar chart per row 

is based on the size of svg (Figure 4.6.6 (b)). Smaller window size will have lesser chart 

in a row.  
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Figure 4.6.6 Data processing –Calculate fraction for each level. Dynamic number of item per row is set. 

 

Visualization of stacked bar chart is formed by axis and rectangle. Data will be 

passed into a group and a rectangle will be appended into the graph for every row of data. 

Hover interaction is added to the graph. A div will be displayed when user hovers the 

graph. Details information such as number of count, total number of count and the 

fraction of CpG are displayed in the div as shown in Figure 4.6.9. Variable z stores the 

color with keys (0.25, 0.25-0.75, 0.75) as domain. The first 3 color in z will present the 

keys.  

(a) 

(b) 
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Figure 4.6.7 Visualization of stacked bar chart. Append rectangle on graph to form stacked bar chart 

 

Figure 4.6.9 Partial stacked bar chart 

 

 From figure 4.6.9, user can find that the percentage of methylated CG in sample 1 

have a significant difference compare to other. Sample 2 and Sample 3 have a similar 

percentages of methylated CG. 

(a) 
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SECTION 4.7- CLUSTERING AND PCA ANALYSIS OF METHYLATION OF 

CPG SITES ACROSS SAMPLES 

Data used in heatmap and dendrogram does not pre-process when user uploads 

the sample file. This is because the data that is needed to be stored is too big. Thus, the 

data is processed only when user requests. 

 The data is retrieved form api/process/methylation?option=5&read=0. The sample 

file from gzip and tabix will be read. From figure 4.7.1(a), the sample is grouped by 

dividing the position by 10k and methylation ratio of the group will be summed up. 

Figure 4.7.1(b) shows the program accepts dynamic arrangement for input file. However, 

performance of Figure 4.7.1(b) is much slower compared to Figure 4.7.1(a). Thus, Figure 

4.7.1(b) is comment out and Figure 4.7.1(a) is used for testing. For instance, [10000:0.5, 

10002:1] will be grouped under [1] and form array of [1:1.5]. The count of methylation 

ratio added to the position that form [1:1.5] is recorded in the form of [1:2]. After all of 

the positions in the sample are grouped, the value of positions is divided by count of 

methylation ratio in their positions-[1: 1.5/2] to get the mean of [1:0.75].  

The positions of a sample are compared with other samples to ensure all of them 

will having same amount of position in the sample. The similar set between samples is 

retrieved as Figure 4.7.2 (a). Similar set from sample 1 and 2 is compared and added to 

common_set. common_set will be compared with next common set retrieved from 

similar set from sample 2 and sample 3. The common set of each sample is taken out and 

replaces the original set as shown in Figure 4.7.2(b). If A have 1000 positions and B have 

1000 positions, A have 500 different position compared to B. These 500 positions will be 

taken out from A and B and form the samples with 500 positions.  
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Figure 4.7.1 Data processing-Group and calculate mean of each grouped position 

 

Figure 4.7.2 Data processing- Get the similar set for all the samples 

 

(a) 

(b) 

(a) 

(b) 
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SECTION 4.7.1- 3D CUBE FOR PCA ANALYSIS 

 

Figure 4.7.1.1 Setup for 3D cube for pca 

 

Data returned from api is mapped to data structure in Figure 4.7.1.3 (a) and Figure 

4.7.1.3 (b). Color of samples inside 3D scatter plot is grouped by name of sample as 

shown in Figure 4.7.1.2. Default color for the sample will be yellow (#EFEF66). For 

those samples that start with LE, color for these samples will be purple (#F0FF0). For 

those samples that start with LD, color for these samples will be light blue (#7491C1). 

Data is passed into PCA to form feature vectors that helps to predict the score for PCA. 

PCA is used to reduce the dimensionality of the graph. The plugin package used helps to 

calculate the eigenvectors and eigenvalues of the data. The score for the sample will be 

returned through pca.predict. Data that is used to visualize sample with PCA 

scoring is stored as Figure 4.7.1.3(e). 
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Figure 4.7.1.2 Color grouping for sample 

  

 

Figure 4.7.1.3 Data processing before visualization- Calculate PCA scoring for visualization 

 

 D3.js does not support 3D visualization. Thus, to draw a 3D scatter plot, three.js 

is used. Renderer, screen and camera are three important components in visualization of 

3D object. Camera is a very important component that controls the view of angle in 3D 

(a) 

(b) 

(c) 

(d) 

(e) 
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graph. Perspective camera that is used in the project makes the scatter plot look natural. 

Figure 4.7.1.4 shows the views of different cameras. Alpha attribute in renderer is set to 

true so a transparent background can be displayed.  Figure 4.7.1.5 (a) and Figure 4.7.1.5 

(b) shows the initialization of camera and renderer for 3D scatter plot. Object3D will be 

used to visualize 3D scatter plot. All the spheres will be visualized inside the object. 

 

Figure 4.7.1.4 Perspective Camera and Orthographic camera that always be used in 3D visualization by 

three.js  
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Figure 4.7.1.5 Initialize basic component for 3D visualization 

Figure 4.7.1.6 (a) gets the min and max of the data so a cube with dynamic scale 

is visualized. Figure 4.7.1.6 (b) shows the visualized the wireframe of a cube. The 

wireframe of the cube is formed by connecting one point to another point without any 

changes on axis. The formation of wireframe of 3D scatter plot is shown in Figure 4.7.1.7. 

A 2D pane is drawn first and connected to another 2D pane. Combination of Figure 

4.7.1.7 (b) and (c) forms a wireframe for 3D scatter plot. Changing of axis when 

connecting the point will result to Figure 4.7.1.8 which is different from expected. 

(a) 

(b) 
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Figure 4.7.1.6 Visualization- Formation of 3D scatter plot 

            

Figure 4.7.1.7 Formation of wireframe for 3D scatter plot 

  

Figure 4.7.1.8 Connect point to point on different axis- Wrong visualization example 

Text will be added to the edge of the 3D scatter plot through createText2D and 

createTextCanvas. Because this graph visualizing is a 3D scatter plot, it is hard to add 2D 

object like text. Thus, 2D text can be visualized through drawing of canvas and filling of 

text with specific color. Figure 4.7.1.9(a) shows the function that is used to create a 

(a) 

(b) 
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canvas and figure 4.7.1.10 (a) shows how to place a canvas on to three.js element to 

allowed double sided text. In figure 4.7.1.10 (b), minimum and maximum for axis x, y 

and z are drawn and placed to the edge of the 3D scatter plot. 
 

 

Figure 4.7.1.9 Visualization (CreateTextCanvas) - helps to create text 

 

Figure 4.7.1.10 Visualization- Create text on the edge of x, y and z 

(a) 

(a) 

(b) 
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 For each sample like in Figure 4.7.1.11(a), a sphere that represents the sample is 

added to the 3DObject (scatterplot). The color of the sphere is based on the color of the 

sample that we grouped earlier in the data loading phase. MeshBasicMaterial is a material 

that will not be affected by light. The material of sphere for the sample will be 

MeshBasicMaterial with its respective color. Sample name that is drawn by 2D canvas is 

shown in Figure 4.7.1.11(a). Different material is used to draw the sample name, thus the 

drawing text function that is used in visualizing text for maximum and minimum will not 

be used. Sample name for the sample will located at position (x+20). Interaction that 

rotate 3D scatter plot and viewing the object from different views is added on mouse 

move as shown in Figure 4.7.1.12 (a). 3D scatter plot that visualized PCA score for the 

samples is shown in Figure 4.7.1.13 and Figure 4.7.1.14 (rotated view). 

 

Figure 4.7.1.11 Visualization of sample inside 3D scatter plot by using sphere 

(a) 

(b) 
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Figure 4.7.1.12 Interaction that rotate the 3D scatter plot on move 

 

Figure 4.7.1.13 Interactive cube for PCA clustering 

(a) 

(b) 
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Figure 4.7.1.14 Interactive cube for pca clustering-Rotated view 
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SECTION 4.7.2- HEATMAP AND DENDROGRAM （CLUSTERING） 

 

Figure 4.7.2.1 Setup of heatmap for methylation ratio 

Data is grouped by sample and sorted by methylation ratio for data in each sample. 

To calculate the distance metric for the samples, the values for each sample is stored in 

dendrogramData and used to calculate the distance between each sample using Euclidean 

distance. The linkage of dendrogram is formed by getting the minimum between distance 

matrixes and forming a new distance matrixes. Euclidean distance of the samples is 

calculated by a plugin package. 

Visualization of this sector is divided into two parts which is the visualization of 

heatmap and visualization of dendrogram. Heatmap is formed by rectangle. For every 

row in the data, a rectangle will be drawn. Data for heatmap is a matrix of sorted 



CHAPTER 4: RESULT DELIVERED 

 

105 

BCS (Hons) Computer Science 

Faculty of Information And Communication Technology (Perak Campus), UTAR. 

 

methylation ratio in the position. Data structure of the data passed into heatmap is 

displayed in Figure 4.7.2.2 (a).  Figure 4.7.2.3 (a) illustrates how the smooth color is 

declared for heatmap. The domain of the colors that is stored in linear scale is evenly 

distributed. Dendrogram is visualized using path. For every row in the data, a path will be 

drawn. Hover function is called when user moves the mouse onto the heatmap. Hover 

box that shows the extra information will be shown as Figure 4.7.2.4 (b). Hover function 

applied for heatmap will be similar to pie chart in the previous result. The colors go from 

blue to black and black to red. The color red in the heatmap means the methylation ratio 

is nearer to 1 while blue in the heatmap represents that the methylation ratio is closer to 0.  

 

Figure 4.7.2.2 Data processing to visualize heatmap and dendrogram 

 

(a) 

(a) 
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Figure 4.7.2.3 Visualization of heatmap- Initilize color 

 

 

Figure 4.7.2.4 Heatmap of methylation ratio (a) dendrogram (b) heatmap (c) hover box 

SECTION 4.8- IMPLEMENTATION ISSUES AND CHALLENGES 

 One of the implementation issues faced in the project is large input file. Browser 

cannot handle a huge input file. The file is tried to filter before it load. Only the columns 

that are going to be used in the graph should be read in each visualization for DNA 

methylation. However, filtering of the data in d3.tsv does not help the issue. D3.tsv read 

and store everything in data for call back function. The data filtering only will be done 

after call back function called. In short, d3.tsv is not an appropriate way to handle large 

data file. In contrast, Tabix is then found as a genomic indexed tool that index the bgzip 

file efficiently. It is useful in retrieving large data file with high speed. User can upload a 

brunch of bgzip file to the module. System is required to generate the tabix-indexed files. 

(b) 

(a) 

(c) 
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However, tabix should be implemented in C, Java, Perl or Python. The visualization of 

the graph need to get data from tabix API that is implemented in Python.  

 Moreover, another implementation issues in the current project is SVG does not 

support html tables. However, the quality control table need to be visualize in table form. 

Therefore, html table template need to be added into the html part directly. The data will 

be handled in another JavaScript file instead of visualize.ts. Jquery.ajax() will be used to 

perform Ajax request and retrieve the data. 

 The platform is huge and required times to understand it well. It takes a lot of 

time to study about the biology concept and coding we have not previously learnt before. 

Interactive visualization for the DNA methylation required time to make it user friendly 

and good looking in design. It is a big challenge to design a good interface. 

 Besides, d3 version 4 is used in this project. Compare to d3 version 3 that install 

all of the d3 related module into the project, d3 version 4 only install small module that is 

needed. However, some of the functions such as brush.empty() is missing in d3 version 4. 

 D3.js is the main library that is used in the project. However, 3d cube cannot be 

visualized using d3.js. D3.js is only powerful to create interaction between user and 2D 

object. To solve this problem, three.js is used. Three.js is a powerful library that is always 

used in simulation and 3D model drawing. It provides some useful function to create 

interactive 3D graph including 3D scatter plot. 

 In addition, heatmap is drawn by a huge amount of data. The number of pixels of 

the rectangle is larger than the pixels that the browser can support. In order to draw 

heatmap, the data is grouped before visualization. Every position in the data is divided by 

10k and the average position is retrieved to draw the heatmap.
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CHAPTER 5:  

CONCLUSION 

 As more and more people are concerned about health issues, researches on human 

health has received a lot of focus. DNA methylation is one main area that researchers 

focus on when they study about cancer. DNA methylation is a process of adding methyl 

groups to DNA molecule and form 5-methlcytosine (5mC). The relationship between 

DNA methylation and mutation is heavily studied. More and more researchers study 

DNA methylation for its connection with some chronic diseases that are caused by 

defective imprinting mechanisms. This resulted in rapid increase in DNA methylation 

data. It is becoming difficult for researchers to analyze the data, and visualization tool in 

DNA methylation can help with their research productivity, as well as help communicate 

their research output. The project develops an interactive online tool that visualize DNA 

methylation data at the same time provide publishable quality graphics and figure to 

researchers. 

Analysis included in this project is stated as below: 

a) Quality control by showing percentage of coverage cytosine 

b) Quality control by showing distribution of different reads in coverage cytosine 

c) Quality control by showing distribution of methylation ratio 

d) Pie chart shows the percentage of methylated context for each sample 

e) Stacked bar chart shows distribution of CG in low, intermediate and high level based on 

region 

f) Heatmap and dendrogram visualize the overview of methylation ratio in each sample and 

dendrogram clusters  samples 

g) 3D scatter plot perform PCA and visualize the sample based on PCA score in 3D mode  

There are some possible ways to improve the project. More important analysis 

can be added. Analysis like differential methylated region can be added to perform a 

completed analysis. Interaction like hover or zoom can be added to graph like PCA. 

It can also be visualized using 3D scatter plot or heatmap. 



CHAPTER 6: REFERENCE 

 

109 

BCS (Hons) Computer Science 

Faculty of Information And Communication Technology (Perak Campus), UTAR. 

 

CHAPTER 6:  

REFERENCE 

1. AskUbuntu (2012). How do I install the latest Python 2.7.X or 3.X on Ubuntu? 

Available at: https://askubuntu.com/questions/101591/how-do-i-install-the-latest-

python-2-7-x-or-3-x-on-ubuntu  (Accessed 5 November 2017). 

2. Bock,C., Reither,S., Mikeska, T., Paulsen, M., Walter, J., Lengauer,T.(2005) BiQ 

Analyzer: visualization and quality control for DNA methylation data from 

bisulfite sequencing, Bioinformatics[online], Volume 21, Issue 21, Pages 4067–

4068, Available from: https://doi.org/10.1093/bioinformatics/bti652 (Accessed 5 

November 2017). 

3. Cardenas, A., et al., (2017). Persistent DNA methylation changes associated with 

prenatal mercury exposure and cognitive performance during childhood, 

Scientific Reports 7 , p. 288. Available from:  

https://www.nature.com/articles/s41598-017-00384-5 (Accessed 5 November 

2017). 

4. Carr, I. M., Valleley, E. M. A., Cordery, S. F., Markham, A.F., Bonthron, D. T. 

(2007). Sequence analysis and editing for bisulphite genomic sequencing projects, 

Nucleic Acids Research[online], Volume 35, Issue 10, Pages e79, Available from: 

https://doi.org/10.1093/nar/gkm330 (Accessed 5 November 2017). 

5. Chen,P.Y. et al., (2013) Intrauterine calorie restriction affects placental DNA 

methylation and gene expression , Physiological Genomics [online], Volume 45, 

Issue 14, Pages 565-576. Available from: 

http://physiolgenomics.physiology.org/content/45/14/565  (Accessed 5 November 

2017). 

6. „DNA methylation‟. Wikipedia, Wikimedia Foundation. [Online]. Available 

from: https://en.wikipedia.org/wiki/DNA_methylation  (Accessed 5 November 

2017). 

https://askubuntu.com/questions/101591/how-do-i-install-the-latest-python-2-7-x-or-3-x-on-ubuntu
https://askubuntu.com/questions/101591/how-do-i-install-the-latest-python-2-7-x-or-3-x-on-ubuntu
https://doi.org/10.1093/bioinformatics/bti652
https://www.nature.com/articles/s41598-017-00384-5
https://doi.org/10.1093/nar/gkm330
http://physiolgenomics.physiology.org/content/45/14/565
https://en.wikipedia.org/wiki/DNA_methylation


CHAPTER 6: REFERENCE 

 

110 

BCS (Hons) Computer Science 

Faculty of Information And Communication Technology (Perak Campus), UTAR. 

 

7. Justin Ellingwood (2016). How to use PostgresSQL with your Django application 

on Ubuntu 16.04. Available from: 

https://www.digitalocean.com/community/tutorials/how-to-install-and-use-

postgresql-on-ubuntu-16-04  (Accessed 5 November 2017). 

8. K., R. (2016). How to Install Latest Node.js on Ubuntu via Apt-Get - TecAdmin. 

Available at: https://tecadmin.net/install-latest-nodejs-npm-on-ubuntu/# 

(Accessed 5 November 2017). 

9. Kumaki,Y., Oda,M., Okano,M.(2008) QUMA: quantification tool for methylation 

analysis, Nucleic Acids Research [online], Volume 36, Issue suppl_2, Pages 

W170–W175, Available from: https://doi.org/10.1093/nar/gkn294 (Accessed 5 

November 2017). 

10. Li, H. (2011). Tabix: fast retrieval of sequence features from generic TAB-

delimited files [online]. Bioinformatics, 27(5), 718–719. Available from: 

http://doi.org/10.1093/bioinformatics/btq671 (Accessed 5 November 2017). 

11. Li, S.C., Jia, W.L., Li, H.C. (2017). An Integrated Oncovirus Analysis Platform 

[Online]. Available from: http://www.dovirus.com  (Accessed 5 November 

2017) . 

12. Lister, R., Pelizzola, et al., (2017). Human DNA methylomes at base resolution 

show widespread epigenomic differences. Nature. 462(7271): 315-22.  Available 

from:  https://www.ncbi.nlm.nih.gov/pubmed/19829295 (Accessed 11 November 

2017). 

13. Mallona, I., Díez-Villanueva, A. and Peinado, M. (2014). Methylation plotter: a 

web tool for dynamic visualization of DNA methylation data, Biology and 

Medicine [online] , Volume 9, Issue 11, Available from: 

https://doi.org/10.1186/1751-0473-9-11 (Accessed 5 November 2017). 

14. National Center for Biotechnology. (n.d.). GenBank:GenBank Overview [online]. 

Available from: https://www.ncbi.nlm.nih.gov/genbank/(Accessed 12 August 

2017). 

https://www.digitalocean.com/community/tutorials/how-to-install-and-use-postgresql-on-ubuntu-16-04
https://www.digitalocean.com/community/tutorials/how-to-install-and-use-postgresql-on-ubuntu-16-04
https://doi.org/10.1093/nar/gkn294
http://doi.org/10.1093/bioinformatics/btq671
http://www.dovirus.com/
http://btdraw.com/
https://www.ncbi.nlm.nih.gov/pubmed/19829295
https://doi.org/10.1186/1751-0473-9-11
https://www.ncbi.nlm.nih.gov/genbank/


CHAPTER 6: REFERENCE 

 

111 

BCS (Hons) Computer Science 

Faculty of Information And Communication Technology (Perak Campus), UTAR. 

 

15. Palani, G.S. (2011). Summary of web application testing methodologies and tools 

[Online]. Available from: https://www.ibm.com/developerworks/library/wa-

webapptesting/ (Accessed 5 November 2017). 

16. Pardo, C.E., Carr, I.M., Hoffman, C.J., Darst, R.P., Markham, A.F., Bonthron, 

D.T., Kladde, M.P. (2011). MethylViewer: computational analysis and editing for 

bisulphite sequencing and Methyltransferase Accessibility Protocol for Individual 

Templates (MAPit) projects, Nucleic Acids Research [online], Volume 39, Issue 

1, Pages e5, Available from: https://doi.org/10.1093/nar/gkq716 (Accessed 5 

November 2017). 

17. Phil-pedruco‟s Block. 10 March 2018. 3D scatter plot using three.js. Available 

from:  http://bl.ocks.org/phil-pedruco/9852362 /  (Accessed 18 April 2018). 

18. SaltyCrane Blog. 15 Febuary 2010. How to install pip on Ubuntu. Available from: 

https://www.saltycrane.com/blog/2010/02/how-install-pip-ubuntu/  (Accessed 5 

November 2017). 

19. Shao, C. et al, (2014). Epigenetic modification and inheritance in sexual reversal 

of fish. Genome Research [online], 24(4), 604–615. Available from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3975060/pdf/604.pdf (Accessed 

25 November 2017). 

20. Sproul, D., Meehan, R.R. (2013). Genomic insights into cancer-associated 

aberrant CpG island hypermethylation. Briefings in Functional Genomics [online], 

Volume 12, Issue 3, Pages 174–190, Available from: 

https://doi.org/10.1093/bfgp/els063  (Accessed 5 November 2017). 

21. Xin, Y., Chanrion, B., O‟Donnell, A. H., Milekic, M., Costa, R., Ge, Y., & 

Haghighi, F. G. (2012). MethylomeDB: a database of DNA methylation profiles 

of the brain. Nucleic Acids Research [online], 40(Database issue), D1245–D1249. 

Available from: http://doi.org/10.1093/nar/gkr1193 (Accessed 5 November 2017). 

22. Zhang, Y., et al., (2011). QDMR: a quantitative method for identification of 

differentially methylated regions by entropy. Nucleic Acids Research [online], 39 

(9): e58. Available from: 

https://www.ibm.com/developerworks/library/wa-webapptesting/
https://www.ibm.com/developerworks/library/wa-webapptesting/
https://doi.org/10.1093/nar/gkq716
https://www.saltycrane.com/blog/2010/02/how-install-pip-ubuntu/
https://www.saltycrane.com/blog/2010/02/how-install-pip-ubuntu/
https://doi.org/10.1093/bfgp/els063
http://doi.org/10.1093/nar/gkr1193


CHAPTER 6: REFERENCE 

 

112 

BCS (Hons) Computer Science 

Faculty of Information And Communication Technology (Perak Campus), UTAR. 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3089487/ (Accessed 25 

November 2017). 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3089487/


APPENDICES 

A-1 

 

APPENDICES: 

APPENDICES A  

WEEKLY REPORT 

 

FINAL YEAR PROJECT WEEKLY REPORT 

(Project II) 

Trimester, Year:  2, 3 Study week no.:             2 

Student Name & ID: CHEAH ZHAO QIN      140ACB2224 

Supervisor:DR. NG YEN KAOW 

Project Title: INTERACTIVE ONLINE TOOL FOR METHYLATION STUDIES 

 

1. WORK DONE 

[Please write the details of the work done in the last fortnight.] 

a) Modified UploadFile class and allow user to upload bgzip file. The bgzip file will be processed 

and tabix indexed file will be generated. The program will retrieve the file information through 

tabix indexed file. User can upload multiple file into one sample directory.  

b) The bgzip uploaded file details is added into TabixAPI class for reference. 

c) Data for table 1-quality control is generated and stored into 5 file (2x, 5x, 10x, 100x) when file is 

uploaded. When file is uploaded into sample directory, the details will be updated into the file 

generated. 

2. WORK TO BE DONE 

a) Visualization of table 1-quality control 

 Display quality of uploaded file in a table. 

b) Data processing for second graph (Distribution of depth coverage) 

 Process data that used for visualization of second graph (Distribution of depth coverage).  

3. PROBLEMS ENCOUNTERED 

a) The input file that received from current researcher is too large. It used 1 hour to process a single 

sample file. 

 

4. SELF EVALUATION OF THE PROGRESS 

a) Solved the problem of processed input file. Every graph that visualized in the project depends on 

the data processing using python. 

b) Finished processed data for table 1-quality control. 

c) Progress is slower than expected 
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Project Title: INTERACTIVE ONLINE TOOL FOR METHYLATION STUDIES 

 

1. WORK DONE 

[Please write the details of the work done in the last fortnight.] 

a) TabixAPI is checked when the uploaded is deleted. If no more sample file in TabixAPI, the 

TabixAPI model will be deleted.  

b) Table 1 is visualized by using DataTable function of javascript. Selection for number of reads is 

added. 

2. WORK TO BE DONE 

a) Data processing for second graph (Distribution of depth coverage) 

b) Visualization and Interaction of second graph (Distribution of depth coverage) 

3. PROBLEMS ENCOUNTERED 

- 

 

4. SELF EVALUATION OF THE PROGRESS 

a) Redundancy Tabix API model is deleted when uploaded file is deleted. 

b) Table that shows the quality of the sample is visualized successfully. 

c) Progress is slower than expected 
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Supervisor:DR. NG YEN KAOW 

Project Title: INTERACTIVE ONLINE TOOL FOR METHYLATION STUDIES 

 

1. WORK DONE 

[Please write the details of the work done in the last fortnight.] 

a) Data processing of second graph (Distribution of depth coverage). Data is processed when sample 

file is uploaded. Processed data is saved into a file that will be used in visualization. 

b) Visualization of second graph (Distribution of depth coverage) is improved based on the 

visualization that done before. Last semester, second graph (Distribution of depth coverage) is 

visualized with incorrect data loading process. 

c) Interaction of second graph (Distribution of depth coverage) is added. Hover box that show the 

detailed information of the graph will be shown when hovering. Click on legend will show only 

the selected graph. For example if only frequency graph to be shown then click on the color that c 

2. WORK TO BE DONE 

a) Data processing of third graph- Distribution of methylation ratio 

b) Visualization of third graph- Distribution of methylation ratio 

c) Interaction of third graph- Distribution of methylation ratio 

3. PROBLEMS ENCOUNTERED 

a) Zoom function cannot be applied on second graph (Distribution of depth coverage) due to multiple 

graphs are appended to svg.  

4. SELF EVALUATION OF THE PROGRESS 

a) Data processing of second graph (Distribution of depth coverage) is completed. 

b) Visualization and Interaction of second graph (Distribution of depth coverage) are completed. 
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1. WORK DONE 

[Please write the details of the work done in the last fortnight.] 

a) Data processing of third graph- Distribution of methylation ratio. Data is processed when sample 

file is uploaded. Processed data is saved into a file that will be used in visualization. 

b) Visualization of third graph is improved based on the visualization that done before. Last 

semester, third graph is visualized with incorrect data loading process. Color of graph3 is changed. 

c) Interaction of third graph is added. Hover box that show the detailed information of the graph will 

be shown when hovering. Circle and line will be shown based on the mouse position. User can 

select number of reads, n  and filter out the distribution for number of reads smaller than n.  

2. WORK TO BE DONE 

a) Data processing for fourth graph- percentage of methylated context in each sample 

 Process data that used for visualization of fourth graph. 

b) Visualization and interaction of fourth graph. 

 Pie chart will be visualized for fourth graph and hovering interaction will be added. 

 

3. PROBLEMS ENCOUNTERED 

a) Zoom function cannot be applied on third graph (Distribution of methylation level) due to multiple 

graphs are appended to svg.  

4. SELF EVALUATION OF THE PROGRESS 

a) Data processing of third graph (Distribution of methylation level) is completed. 

b) Visualization and Interaction of third graph (Distribution of methylation level) are completed. 
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1. WORK DONE 

[Please write the details of the work done in the last fortnight.] 

a) Data processing of fourth graph- percentage of methylated context in each sample 

b) Visualization and interaction of fourth graph. Fourth graph is visualized using pie chart and 

interaction is added on hovering. When user hover on the pie chart, the radius for sector of the pie 

chart will be 5px larger. Detail information will show in hover box. 

2. WORK TO BE DONE 

a) Data processing for fifth graph- heatmap that show methylation level 

 Process data that used in visualization of fifth graph. 

b) Visualization and interaction of fifth graph. 

 heatmap will be visualized for fifth graph to show then overall methylation level and 

hovering interaction will be added. 

3. PROBLEMS ENCOUNTERED 

a) The matrix size that will be used in fifth graph is too large. Browser cannot support and browser 

will be not responding. 

 

4. SELF EVALUATION OF THE PROGRESS 

a) Data processing for fourth graph is done. 

b) Visualization and interaction for fourth graph is completed as expected. 

c) Data processing for fifth graph- heatmap is still processing. 
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1. WORK DONE 

[Please write the details of the work done in the last fortnight.] 

a) Data processing of fifth graph-heatmap is completed. 

 Matrix size of data that used to visualize heatmap is reduced by dividing with a factor. 

The factor used to reduce matrix size is 10000. 

b) Visualization and interaction of heatmap is completed. Hover box will be shown when hovering. 

2. WORK TO BE DONE 

a) Data processing for fifth graph-dendrogram 

b) Visualization of fifth graph-dendrogram 

3. PROBLEMS ENCOUNTERED 

a) Although heatmap is successfully visualized, the performance of browser will slow down 

significantly. 

4. SELF EVALUATION OF THE PROGRESS 

a) Data processing of fifth graph- heatmap is completed. 

b) Visualization and interaction of fifth graph- heatmap is completed. 
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1. WORK DONE 

[Please write the details of the work done in the last fortnight.] 

a) Data processing of fifth graph-denderogram is completed. 

 Distance matrix is calculated using Euclidean distance. 

b) Visualization of denderogram is completed. Text of samples are added above the dendrogram. 

2. WORK TO BE DONE 

a) Data processing for sixth graph-3D scatter plot for PCA  

b) Visualization of sixth graph-3D scatter plot for PCA 

3. PROBLEMS ENCOUNTERED 

a) Although denderogram and heatmap is successfully visualized, the performance of browser will 

slow down significantly. 

4. SELF EVALUATION OF THE PROGRESS 

a) Data processing of fifth graph- denderogram is completed. 

b) Visualization and interaction of fifth graph- denderogram is completed. 
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1. WORK DONE 

[Please write the details of the work done in the last fortnight.] 

a) Data processing of sixth graph-3D scatter plot for PCA is completed. 

 PCA scoring of the samples is calculated 

b) Visualization and interaction of sixth graph-3D scatter plot for PCA is completed. User can drag 

to rotate the 3D scatter plot. 

2. WORK TO BE DONE 

a) Data processing for seventh graph-Fraction of CG in each region  

b) Visualization of seventh graph- Fraction of CG in each region 

3. PROBLEMS ENCOUNTERED 

a) D3.js that is used for all the visualization before does not support 3D visualization. A new library 

is used and studied. 

4. SELF EVALUATION OF THE PROGRESS 

a) Project is going as expected. 

 

 

 

 

_________________________    _________________________ 

Supervisor‟s signature           Student‟s signature



APPENDICES 

A-9 

 

 

–  

Trimester, Year:  2, 3 Study week no.:             10 

Student Name & ID: CHEAH ZHAO QIN      140ACB2224 

Supervisor:DR. NG YEN KAOW 

Project Title: INTERACTIVE ONLINE TOOL FOR METHYLATION STUDIES 

 

1. WORK DONE 

[Please write the details of the work done in the last fortnight.] 

a) Modified UploadFile class and allow user to upload gzip file. Gzip file will be processed and 

related files for analysis are generated. User can only upload one file for one sample.  

b) Data for all the existing is generated and stored respective file when file is uploaded. When file is 

uploaded into sample directory, the details will be updated into the file generated. 

2. WORK TO BE DONE 

a) Data processing for seventh graph-Fraction of CG in each region  

b) Visualization of seventh graph- Fraction of CG in each region 

3. PROBLEMS ENCOUNTERED 

 

4. SELF EVALUATION OF THE PROGRESS 

a) Unexpected changes in input file style. 

b) A new input reading file method slow down the progress of the project 
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1. WORK DONE 

[Please write the details of the work done in the last fortnight.] 

a) Make changes on 3D scatter plot for PCA. Text for axis and samples are added.  

b) Data processing of fifth graph- Heatmap and 3D scatter plot is changes. 

 

2. WORK TO BE DONE 

a) Data processing for seventh graph-Fraction of CG in each region  

b) Visualization of seventh graph- Fraction of CG in each region  

3. PROBLEMS ENCOUNTERED 

 

4. SELF EVALUATION OF THE PROGRESS 

c) Finished processed data for fifth graph-heatmap and dendrogram. 

d) Progress is slower than expected 
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1. WORK DONE 

[Please write the details of the work done in the last fortnight.] 

a) Data processing for seventh graph-Fraction of CG in each region 

b) Visualization and interaction for seventh graph-Fraction of CG in each region 

2. WORK TO BE DONE 

a) Report for FYP2 

3. PROBLEMS ENCOUNTERED 

 

4. SELF EVALUATION OF THE PROGRESS 

e) 20% of the report is done 
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1. WORK DONE 

[Please write the details of the work done in the last fortnight.] 

a) Report is done.  

2. WORK TO BE DONE 

a) Presentation and slide need to be prepared 

3. PROBLEMS ENCOUNTERED 

 

4. SELF EVALUATION OF THE PROGRESS 

a) Although some of the graph still need to be improved, the time to submit the report is just around 

the corner. Thus, some of the visualization cannot be done. 
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