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ABSTRACT

We have established Gene Mutation Analysis platform of software pipelines using Open Sources
tools (BWA, GATK, Bioconductor, Samtools, VarScan2) on Linux based Operating System. We
have implemented GATK best practices for mutation detection. Also, developed browser-based
tools for visual analysis of the gene mutations using Open Source tools (JBrowse, HTMLS,
Javascript, Python). Browser-based visual tool enables clinicians to look atupstream/downstream
of the mutation/SNP. The visual tool enables identification of mutation hot-spots, driver
mutations and passenger mutation.

Quality Checks are made part of the software tools for minimizing possible false-positive
detection of gene mutation/SNP. The quality checks based on minimum coverage, Phred scores,
ratio of supporting variant and reference alleles. Mutations are further validated using COSMIC,
HapMap, Geome Wide Association Studies and clinically flagged SNPs from dbSNP.

With help of the above platform and visual tools, the Oncologist is now able to do a triage — look
at a patient, look at their lab results and look at their genetic profile visually; they are now able to

do more personalized medicine.
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Chapter 1

Introduction

The recent advances, in the human genome research, are opening the door to a new
paradigm for medical sciences. Personalized medicine, the use of marker-assisted
diagnosis and targeted therapies derived from an individual’s genetic profile, will impact

the way drugs are developed and medicine is practiced in coming years.

1.1 What is Genomics?

Genomics is the study of the complete genetic material (genome) of organisms. The field
includes sequencing, mapping, and analyzing a wide range of RNA (ribonucleic acid) and
DNA (deoxyribonucleic acid) codes of many species across the kingdoms of life. Post
2000, there are intensive efforts to determine the entire DNA sequence of many
individual humans in order to map and analyze individual genes and alleles as well as
their interactions. The primary goal that drives these efforts is to understand the genetic
basis of heritable traits, and especially to understand how genes work in order to prevent
or cure diseases. Recently, there are good quality resources publically available with

reference genome sequences —like 1000 genomes [1], [2].

1.2 Genetic Testing and Personalized Medicine:

The fast paced progress in technology is revolutionizing the application of technology in
the human life. There is an increasing demand on personalizing various aspects of human
life with the help of technology. A similar trend is observed in medicine as well. The
healthcare is increasingly being tailored according to one's strengths and weaknesses. In
fact, the practice of personalized medicine approach dates back to ancient times, when
Hippocrates (2500 years ago) prescribed sweet elixirs to some and astringent ones to
others, depending on each patient's physical characteristics and seasons. The personalized
medicine in the modern era, utilizes the person's genes (including his/her DNA sequence
and its polymorphism), to make drugs better and safer. Moreover, the rapid technological

advances are decreasing DNA sequencing costs and making it practical for large scale



applications. The sequencing price per genome is expected to reach $100 over the next
few years. The advancement of sequencing technologies and decrease in cost has made it
now possible for healthcare providers, to combining sequenced genomic data with other
medical data to get a better picture of disease in an individual. The vision is that
treatments will reflect an individual’s illness, and not be a one treatment fits all, as is too

often true today.

1.3 Need for developing genomics based system in India:

The year 2013 marked the 10™ anniversary of the completion of Human Genome Project
(HGP), the multibillion-dollar effort to read the human genetic code in its entirety. The
HGP and related efforts have sparked a revolution that could alter the fields of health
care. World over, there is a tremendous increase in the research and (business) investment
in the field of genomics and genomics based therapy options. India is currently lagging
behind the countries like - USA, China UK, Germany and Brazil — both in terms of
investment and research. Such an approach (of increased research and investments)
becomes more imperative for India for the fact that the number of new cases of breast
cancer in India will increase from the current 115,000 to around 200,000 per year.
Moreover, the age of onset of breast cancer is falling from 40s to 20s. Therefore, the
burden of various cancer types would be, unfortunately, increasing in coming years in
India. The genomics based screening for germline mutations provides a preventive option
for the high risk individuals. Thus, genomics based approach promises to reduce the

future burden of cancer in India.

1.4 Genome Wide Association Studies (GWAS)

The GWAS - in which multiple single-nucleotide polymorphisms (SNPs) are tested for
association with one/more disease in large population - have revolutionized the search for
genetic influences on complex traits [6]. A single nucleotide polymorphism is one in
which there is a one nucleotide difference between two genes. For example, two
sequenced DNA fragments, AAGCCTA versus AAGCTTA, have one differing

nucleotide. In other words, these are different alleles of the same gene.



For example, SNP based personalization of dosage for managing simvastatin-induced
myopathy risk in the context of SLCOIBI genotyping has recently been issued [7]. A
non-synonymous coding single-nucleotide polymorphism (SNP), 154149056, in
SLCO1BI markedly increases systemic exposure to simvastatin and the risk of muscle
toxicity. The above-mentioned guideline explores the relationship between rs4149056

(c.521T>C, p.V174A) and clinical outcome for all statins [7].

Since 2005, more than 1,600 publications have identified more than 2,000 replicated
genetic associations with more than 300 common human diseases and traits [8]. There are

three near future clinical applications for GWAS namely [8] :

® Predictive models to identify high risk patients, as in Type 1 Diabetes patients.

For example in one of the cases of maturity-onset diabetes of the young or
MODY, is due to mutations in the HNFIA gene. The HNFIA mutations could
have important implications for patients and their relatives, as many patients with
HNFI1A-MODY are better managed with sulphonylureas than with metformin or

insulin [8].
® (lassifying disease subtypes of potential use for more precisely guided clinical

trials, and targeted treatments (e.g. cancers). The cancer genomics based data
generated by large consortia such as The Cancer Genome Atlas (TCGA) Research
Network and the International Cancer Genome Consortium (ICGC) provides

immense possibilities for researching for targeted therapy [9].

® Providing better information for screening drug candidates for toxicity and

efficacy before clinical trials- GWAS is providing valuable information on gene-
drug interactions with the potential to develop safer and more effective drugs as
well as to reduce toxicities in the clinical use of existing medications. For
example, treatment of hepatitis C, a common viral infection and a cause of liver
cirrhosis. A GWAS of change in hemoglobin levels during ribavirin treatment
identified inosine triphosphatase (ITPA) variants that can protect against ribavirin-

induced anemia [8].



Although the potential for genomics to contribute to clinical care has long been
anticipated, the pace of defining the risks and benefits of incorporating genomic findings

into medical practice has been relatively slow [10].

1.4.1 Example of Her2/neu and Response to Breast Cancer Treatment:

One of success stories of genetic information based therapy, is the use of the Her2/neu
gene as a predictor of breast cancer patients' responses to a drug called Herceptin.
Her2/neu codes for a protein receptor which plays an important role in the signal
transduction pathways involved with cell growth and differentiation. All breast tissue
cells are coated with Her2 receptors, however overexpression (in about 15 to 20% of
women with invasive breast cancer) causes abnormal cell growth. The tumors with
overexpressed Her2/neu genes are said to be Her2-positive. Moreover, Herceptin is a
much more effective treatment in women with Her2-positive tumors than in women with
Her2-negative tumors. However, irrespective of Her2/neu status, Herceptin increases the
risk of heart dysfunction. Considering the side effect of the Herceptin, U.S. Food and
Drug Administration (FDA), has stated that physicians should prescribe Herceptin only to
those women who are tested positive for Her2/neu. Otherwise, the risk of heart failure is
just too great to justify use of this drug. Thus, women with advanced breast cancer are
routinely tested for Her2/neu overexpression before any decisions are made about
whether to prescribe Herceptin versus some other drug, because as good as Herceptin

might be, to use Hippocrates' words, "the sweet ones do not benefit everyone."

1.4.2 Example of BRAF and mutations:

BRAF is the human gene responsible for the production of a protein called B-Raf, which
is involved in sending signals inside cells to direct cell growth, and shown to be mutated
in cancers. In 2011, a drug called vemurafenib, a B-Raf protein inhibitor, and the
companion BRAF V600E Mutation Test were approved for the treatment of late stage
melanoma. Vemurafenib only works in the treatment of patients whose cancer tests
positive for the V6OOE BRAF mutation [11]. Around 60% of patients with melanoma
have a BRAF mutation, and approximately 90% of those are the BRAF V600E mutation.



1.5 Genetic Information based Drug Target Identification:

The gene encoding leptin, a regulator of body fat discovered using genomic technologies
[12], is not only proven to be a valuable drug target but blood leptin levels might be of
use as a monitoring marker of drug-associated weight gain [13] or as a response to

growth-hormone treatment in children [14].

1.6 Role of Information Technology in gene mutation analysis:

The amount of data being produced by sequencing, mapping, and analyzing genomes
propels genomics into the realm of Big Data. Genomics produces huge volumes of data;
each human genome has 20,000-25,000 genes comprised of 3 million base pairs. This
amounts to 100 gigabytes of data. Sequencing multiple human genomes would quickly
add up to hundreds of petabytes of data, and the data created by analysis of gene
interactions multiplies those further. The medical discoveries of the future will largely
depend on ability to process and analyse large genomic data sets, which continue to
expand as the cost of sequencing decreases [15]. Moreover, the analysis of large sets of
data, such as medication usage or hospital readmissions, can enable health care providers
and policymakers to make smarter decisions and predict future trends. Among the various
innovative applications of healthcare data, one interesting application could be to extract

which prescriptions are cheapest or most cost-effective.

IT can be used for creating electronic tools and resources to collect and store patient
health information, making it available to inform clinical decisions and improve safety
while protecting patient privacy. There would be tremendous demand on integrating the
electronic health record (EHR) systems and genomics data in the coming years [16]-[18].
There are number of quality IT system development currently underway across the globe
for responding to the demands of the healthcare informatics. There are number of open

source tools reviewed in the reference [19].

For example, medical histories of the individuals associated with their genomes, their
drug treatments, their environments and microbiomes (the bacteria that live in your gut

and your skin) can be used for prevention of disease and minimizing the re-admission.



Mount Sinai, in New York, USA, has used the data to help reduce the 30-day readmission
rate for patients by 56% by determining which patients were most at risk, then taking

precautions to prevent them returning to the hospital.



Chapter 2
State of the Art

High-throughput sequencing provides tools to conduct comprehensive analyses of all
somatic alterations in the cancer genomes. The immense growth of information from the
genome-scale investigations has promoted the development of new analytical
frameworks and tools. An overview of the current state of cancer genomics and tools for

accessing and analyzing cancer genomic data has been discussed in the reference [20].

2.1 Development of analysis pipelines using Bioconductor and various
standard next-generation tools

Exome sequencing can be utilized for discovering cancer causing variants and mutations
across hundreds of tumors. There are number of variation detection tools for the detection
of somatic mutations in exome data from tumor—normal pairs. Among them,
Bioconductor [21] (package: CancerMutationAnalysis), VarScan 2 [22], are most widely
used tools. The bioconductor package, CancerMutationAnalysis, provides features for
gene and gene-set level analysis methods for somatic mutation studies of cancer. The
gene-level methods distinguish between driver genes (which play an active role in
tumorigenesis) and passenger genes (which are mutated in tumor samples, but have no

role in tumorigenesis).

Moreover, the genomics data analysis presents significant challenges. For example,
sequencing coverage is non-uniform across targeted regions and varies from sample to
sample [23], [24]. Repetitive and paralogous sequences can give rise to numerous false
positives. The detection of somatic mutations in tumor genomes iS even more
challenging. The genomes of primary tumors are genetically heterogeneous [25], with
frequent rearrangements [26] and copy number alterations (CNAs) [27]. Further, somatic
mutations are relatively rare compared with germline variation, often representing <0.1%

of variants in a tumor genome [28], [29].



2.2 Theoretical Prediction of Effect of mutations:

The known SNPs located in the dbSNP (http:/www.ncbi.nlm.nih.gov/projects/SNP/)
PolyPhen [30] (polymorphism phenotyping ) and SIFT [31] (sorting intolerant from
tolerant) database would be used for predicting the effect of mutation found. Moreover,
the SIFT and PolyPhen tools can be used for loss-of-function or gain-of-function
mutations [32]. The PROVEAN [33] database can also be used to predict whether a

protein sequence variation affects protein function.

2.3 Integration of Publically available Gene Mutation Databases:

There are number of public resources which provide gene mutation information and drug

related information. The exhaustive listing of such resources would be beyond the scope

of this project. Below is brief description of few important databases:
2.3.1 COSMIC (Catalogue of Somatic Mutations in Cancer) Database [34]:
All cancers arise as a result of DNA sequence abnormalities or mutations.
Many of mutations may confer a growth advantage upon the cells in which
they have occurred. These mutations accumulate in cells of the body over a
person's lifespan. There are two different types of mutations — somatic and
germline mutations. The somatic mutations happen on the genes that are
usually located on autosomes (non-sex chromosomes). The germline
mutations occur in germ cells (better known as the ovum or sperm). The
germline mutations may occur de novo or be inherited from parents' germ cells.
An example of germline mutations linked to cancer is the ones that occur in
cancer susceptibility genes, increasing a person's risk for the disease. COSMIC
is designed to store and display somatic mutation information and related
details and contains information relating to human cancers.
2.3.2 TARC TP53 Database [35]: The tumor suppressor gene TP53 is
frequently mutated in human cancers. More than 75% of all mutations are
missense substitutions. The International Agency for Research on Cancer
(IARC) TP53 database (www-p53.iarc.fr) compiles all genetic variations that

have been reported in TP53. This database can be used for systematic analysis


http://www.ncbi.nlm.nih.gov/projects/SNP/

to determine the functional properties that contribute to the occurrence of
mutational "hotspots" in different cancer types and to the phenotype of tumors.
2.3.3 ARDB (androgen receptor gene mutations) [36]: The database now
contains a number of mutations that are associated with prostate cancer
treatment regimens (http://androgendb.mcgill.ca/).

2.3.4 RCGDB (The Roche Cancer Genome Database): This database provides

single resources for genetic mutations from various sources updated till 2009.

The somatic and germline mutations are numbered as per as the nomenclature

of Human Genome Variation Society (http://www.hgvs.org/). The database can

be accessed from the url http://rcedb.bioinf.uni-sb.de/MutomeWeb/

2.3.5 HapMap Database [37]: The International HapMap Project is a
partnership of scientists and funding agencies from Canada, China, Japan,
Nigeria, the United Kingdom and the United States to develop a public
resource that will help researchers find genes associated with human disease

and response to drugs.


http://rcgdb.bioinf.uni-sb.de/MutomeWeb/
http://www.hgvs.org/
http://androgendb.mcgill.ca/

Chapter 3

Problem Statement

The Genomic Testing was carried out by Max Healthcare’s service provider Strand Life
Sciences (SLS) - The next generation sequencing (NGS) detection was conducted by SLS
for the purpose of mutation and analysis reports submitted in the form of hard copies.
Genetic testing reports prepared, after testing saliva/tumor samples, were sent by SLS to
Max Healthcare (MHC) clinicians. MHC has no platform (software pipelines) to validate
the reports. No browser-based tools available for clinicians for visual analysis of results.
For example, neighboring mutations/SNP and hot spots/regions. Robust Quality checks
for the results were not part of few initial reports from SLS. The course of medication
was decided based on symptoms, patient history, test reports (including genetic testing

reports from SLS), morphology of disease.

3.1. Problem Statement- Gene mutation analysis-Role of Open Source tools for

personalized medication and designer drugs in a cost-effective and efficient manner.

Although the year 2013 marked the 10™ anniversary of the completion of Human
Genome Project, with USA having 841 High-throughput Gene Sequencing Machines, UK
having 137, Germany having 142, China having 200 and Brazil having 83; India is found
nowhere on the global gene sequencing map justifying the dire need to venture into this

novel area.

10



Chapter 4

Solution to the Problem

Functional relationships in a genome are indicated by spatial relationships. Spatial
relationships between different pieces of genomic data are conveyed by a genome
browser and help users to form a hypothesis about their functional relationships. In the
current scenario certain web-based genome browsers help users understand genomic data
belonging to a specific region, but do not allow further understanding as navigation is
required to other regions page-by-page. These page transitions do not show which
genomic locus they are viewing and how the data points are related to one another. Other
functions of a genome browser are helping solve biological cases, linking genomic

databases and preparation of publication figures.

11
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Jbrowse is sufficiently compact and modular and can be used as a drop in component to
web content management system. Browser functionality:-

1. Basic genome browser functionality-A user can view genome annotations against a
reference ruler with an overhead bar giving a visual indication of chromosome position.
Navigation by dragging the display left or right is done and using navigation buttons is
also possible. Zooming in or out is done using analogous buttons. Direct navigation to a
region of interest using region coordinates in the search-box is also possible. To add
annotation tracks, drag them from a reservoir bar on the left and for removal drag them
back off the main display. Tracks can be reordered by dragging. Live track manipulation
requires no page reloads.

2. Multiple types of track-Basic features like a variety of simple glyphs and compound

features like UTR/ exon / intron can be displayed. The quantitative tracks have a value

12



for every base. Feature tracks are displayed as histograms showing feature density at
lower zoom levels.

3. Flexible data sources-

Data can be taken from GFF files for simple feature tracks or GFF3 files for compund
feature tracks or from WIG files for quantitative tracks. Data can also be imported from a
Bio::DB database using open-source applications that work on BioPerl libraries.

4. Makefile-driven workflow-

A workflow can be made using assembly, alignment , annotation and Jbrowse view of
genome sequences. A workflow is a set of logical rules for transforming data types
automatically like a Makefile. A Makefile prepares sequence and annotation files on a
server for viewing by a Jbrowse client. Makefile also defines simple file format
conversions like conversion of annotation files from BED format to GFF format.
Downloading relevant FASTA, BED, GFF or WIG files into the top-level directory and

executing “make jbrowse” option helps to apply Makefile rules.

13
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Server area shows data served by web server (rectangles), programs that generate data

(arrow labels) and the data sources used by those programs (cylinders). The “Client” area

shows the main pieces of code that run in the web browser, how they fit together, and

what data they consume.
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5. Preservation of state-
To preserve the navigation state and track selection/ordering preferences of individual
users; HTTP cookies are used. A user can close a browser window and open a new one,

the browser will show the same genome annotations.

6. Configuration files-
Flexible configuration files allow the database administrator to customize the tracks and

their behavior including glyphs and feature-click actions.

7. A “genome wiki”-

Jbrowse is compact, open source and has a simple Javascript API so can be embedded
within other web applications. The core elements are Makefiles making Jbrowse a part of
an extensible workflow system whereby users of a wiki can start analysis by uploading
sequence, annotation or configuration files thus creating an open-source, portable,

extensible wiki for sharing annotations.

Table 4.1. Features of Jbrowse compared to other web-based genome annotation

Table 1. Features of [Browse compared to several ather web-based genome annotation browsers
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4.1 Strategy used for pre-processing of file before uploading to browser.

Description of software strategy used and reason behind it:-

For a model organism genome database, each reference sequence would typically

represent a chromosome. The large file containing all the chromosome can be divided

into smaller parts as per as chromosome distribution of the organism.

IFormat Tool Name ILink [Purpose
BED BEDTools https://code.google.com/p/bedtools A ﬂexible suite of .utilities for
comparing genomic features.
The bigWig format is for display of
N http://genome.ucsc.edu/goldenPath dense, continuous data that will be
BigWig UCSC Tools helip/t%igWig.html ¢ displayed in the Genome Browser as a
graph
VCF is conventions and extensions
adopted by the 1000 Genomes Project
for encoding structural variations. VCF
is a text file format (most likely stored
VCF vct-sort http://vcftools.sourceforge.net/ in a compressed manner). It contains
meta-information lines, a header line,
and then data lines each containing
information about a position in the
genome.
Perl scripts require that the VCF files
http://vcftools.sourceforge.net/perl are compressed by bgzip and indexed by
. . . module.html tabix (both tools are part of the tabix
VCF (Tabix)  fabix http://sourceforge.net/projects/samtpackage, available for download here).
ools/files/tabix/ The VCEF files can be compressed and
indexed using the following commands
GFF3 ggfnigf \ljeizgg;e http://www.sequenceontology.org/ (GFF3 files are nine-column, tab-
3 gff3.shtml delimited, plain text files.
A BAM file (.bam) is the binary version
) of a SAM file. A SAM file (.sam) is a
BAM samtools http://samtools.sourceforge.net tab-delimited text file that contains
sequence alignment data.
Genome GenomeCoveraghttp://bedtools.readthedocs.org/en/lT ¢ ¢
Coverage e atest/content/tools/genomecov.html| 0 Eet coverage of gencs.

Table 4.2. For pre-processing the files for the Jbrowse, above tools are used.

Formatting Reference Data:
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The prepare-refseqs.pl script, available in bin directory, is used to format reference

sequence data. In addition to formatting the sequence data, this script creates a track

called "DNA" that displays the reference sequence. The multiple chromosomes are

available from the "Data set by chromosome" link on the url hgdownload.cse.ucsc.edu for

the particular genome.

In order to get gene names displayed in the reference sequences, we have used GFF3 file

format. Using reference genome in GFF3 format, with gene co-ordinates marked. The

single file of complete genome has been separated into smaller files in order to load into

browser. Following unix commands are used for processing the reference file:

bin/prepare-refseqs.pl
chromosome/chr2.fa.gz
chromosome/chr4.fa.gz
chromosome/chr6.fa.gz
chromosome/chr8.fa.gz
chromosome/chr10.fa.gz
chromosome/chr12.fa.gz
chromosome/chr14.fa.gz
chromosome/chr16.fa.gz
chromosome/chr18.fa.gz
chromosome/chr20.fa.gz

chromosome/chr22.fa.gz

--fasta
--fasta
--fasta
--fasta
--fasta
--fasta
--fasta
--fasta
--fasta
--fasta
--fasta

--fasta

../ref-chromosome/chrl.fa.gz
../ref-chromosome/chr3.fa.gz
../ref-chromosome/chr5.fa.gz
../ref-chromosome/chr7.fa.gz
../ref-chromosome/chr9.fa.gz
../ref-chromosome/chrl1.fa.gz
../ref-chromosome/chr13.fa.gz
../ref-chromosome/chr15.fa.gz
./ref-chromosome/chr17.fa.gz
../ref-chromosome/chr19.fa.gz
../ref-chromosome/chr21.fa.gz

../ref-chromosome/chrX.fa.gz

chromosome/chrY.fa.gz --out sample data/json/hg19

--fasta
--fasta
--fasta
--fasta
--fasta
--fasta
--fasta
--fasta
--fasta
--fasta
--fasta

--fasta

../ref-
../ref-
.Jref-
.Jref-
../ref-
../ref-
.Jref-
.Jref-
../ref-
../ref-
.Jref-
.Jref-

For getting gene annotations (namely gene name and its start and end positions), we need

to get the gene annotated file in gff3 format.

# Seperate chromosomes, repeat this command for each chromosomes

awk -F"\t" '{if (§1 == 1){print $0} }' Homo_sapiens.GRCh37.74.gff3 > chrl.gff

# Rename files into gff3

18



Is *.gff | cut -d'." -f1 | xargs -1 name mv name.gff name.gff3
# Add lines at top of the each file
Is chr*.gff3 | xargs -1 name sed -i '1s/"/##gff-version 3\n/' name

The Homo spaiens.GRCh37.74.gff3 can be downloaded from

http://asia.ensembl.org/Homo_sapiens/Info/Index

Add following lines into tracks.conf for the gff3 file for each chromosomes. Change the

path of chrl.gff3 as per as the your directory structure.

[ tracks . chrl gff3 ]

storeClass = JBrowse/Store/SeqFeature/ GFF3
urlTemplate = ../../raw/hg19/reference/chrl.gft3

type = CanvasFeatures

metadata.description = All the features in the Chrl.gff3
category = Miscellaneous

key = Genes on chrl
Formatting Feature Data:
The ucsc-to-json.pl script, available in bin directory, is used for converting range-based
annotation data (genes, transcripts, etc) to range-indexed sets of static JSON files that are
very fast for JBrowse to access. It adds a track configuration stanza to
the trackList.json configuration file in its output directory.

® ucsc-to-json.pl - import UCSC database dumps (.sql and .txt.gz)
Above script uses data from a local dump of the UCSC genome annotation MySQL

database. The MySQL dump can be downloaded from the url hgdownload.cse.ucsc.edu.

In this database dump, a *.sql and *.txt.gz pair of files constitute a database table. Ucsc-
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to-json.pl uses the *.sql file to get the column labels, and it uses the *.txt.gz file to get the

data for each row of the table.

The reference-genome folder should contain all dump *.sql and *.txt.gz downloaded from

the hgdownload.cse.ucsc.edu.

# To create a track for known genes.
bin/ucsc-to-json.pl --in  hgl9v2/ --track 'knownGene' --cssclass  transcript
--subfeatureClasses "{"CDS":"transcript-CDS", "UTR": "transcript-UTR"}'

--arrowheadClass transcript-arrowhead --out sample data/json/hgl19

# To create a track for GWAS, HAPMAP, dbSNP, COSMIC database

bin/ucsc-to-json.pl --in ../ref-geneome --track 'gwasCatalog' --out sample data/json/hg19
bin/ucsc-to-json.pl  --in ./ref-geneome  --track  'hapmapSnpsASW' --out
sample data/json/hg19

bin/ucsc-to-json.pl --in ../ref-geneome --track 'snp138Flagged’ --out
sample_data/json/hg19

bin/ucsc-to-json.pl --in ../ref-geneome --track 'cytoBandIdeo' --out
sample data/json/hgl19

#bin/ucsc-to-json.pl --in ../ref-geneome --track 'cytoBand' --out sample data/json/hg19

bin/ucsc-to-json.pl --in ../ref-geneome --track 'cosmic' --out sample data/json/hg19

BAM file based features:

The BAM files are processed to add various tracks. The basic steps include (for each

BAM files) are sorting and indexing of BAM files for faster loading into browser.

1. Make a separate jbrowseBAM folder in sample data/raw/hgl9 folder to
store processed BAM files

20



mkdir —p sample data/raw/hg19/jbrowseBAM
# copy all the BAM files into jbrowseBAM directory

cp <filename>.bam jbrowseBAM

2. Run following set of commands for each BAM files to make them

Jbrowse compatible. Replace <filename> as per your case

samtools sort <filename>.bam <filename>.sorted.bam

samtools index <filename>.sorted.bam

3. Run following set of commands for each BAM files to make BED file and

Genome Coverage files

bamToBed -1 <filename>.bam <filename>.bed

# Sort the BED file

sort —k 1,1 <filename>.bed <filename>.sorted.bed

# Get the gene boundary form UCSC using mysql command

mysql —user=genome —host=genome-mysgql.cse.ucsc.edu —A —e \”select chrom,size from
hg19.chromInfo\” > hg19.genome

# Use genomeCoverageBed to get gene coverage

genomeCoverage —bg —i <filename>.sorted.bed —g hg19.genome > <filename>.cov

# Get the chromosome sizes

wget “http://hgdownload.cse.ucsc.edu/admin/exe/linux.x86 64/fetchChromSizes.sh” .
chmod a+x fetchChromSizes.sh

JfetchChromSizes.sh hg19 > hg19.chrom.sizes

# Get the bigwig file

bedGraphToBigWig <filename>.cov hg19.chrom.sizes <filename>.bw
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4. Add following lines for each BAM files to add BAM specific tracks
information to the tracks.conf. For example, for P000227-S1314000129-
Onc-GB-N_S5.bam file.

[ tracks . P000227-S1314000129-Onc-GB-N_S5 ]

style.height =7

histograms.storeClass = JBrowse/Store/SeqFeature/BigWig

histograms.urlTemplate = ../../raw/hgl9/jbrowseBAM/P000227-S1314000129-Onc-GB-
N_S5.bw

key = BAM - P000227-S1314000129-Onc-GB-N_S5

storeClass = JBrowse/Store/SeqFeature/BAM

urlTemplate = ../../raw/hg19/jbrowseBAM/P000227-S1314000129-Onc-GB-
N_S5.sorted.bam

maxFeatureScreenDensity = 4

metadata.category = BAM

metadata.Description = BAM-format alignments of P000227-S1314000129-Onc-GB-
N_S5

type = JBrowse/View/Track/Alignments2

5. Add following lines for each BAM files to add BAM specific coverage

information to the tracks.conf file

[ tracks . P000227-S1314000129-Onc-GB-N_S5-coverage |

storeClass = JBrowse/Store/SeqFeature/BAM

urlTemplate = ../../raw/hg19/jbrowseBAM/P000227-S1314000129-Onc-GB-
N_S5.sorted.bam

metadata.category = BAM

metadata.Description = SNP/Coverage view of P000227-S1314000129-Onc-GB-N_S5
type = JBrowse/View/Track/SNPCoverage
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key = sorted Coverage - P000227-S1314000129-Onc-GB-N_S5

6. Add following lines for each BAM files to add BAM specific XYPlot and
Density plot

[ tracks.bigwig-track-xyplot ]

storeClass = JBrowse/Store/SeqFeature/BigWig

urlTemplate = ../../raw/hg19/jbrowseBAM/P000227-S1314000129-Onc-GB-N_S5.bw
category = Quantitative

type = JBrowse/View/Track/Wiggle/XYPlot

key = XYZ Coverage plot for P000227-S1314000129-Onc-GB-N_S5

[ tracks.bigwig-track-density |

storeClass = JBrowse/Store/SeqFeature/BigWig

urlTemplate = ../../raw/hg19/jbrowseBAM/P000227-S1314000129-Onc-GB-N_S5.bw
category = Quantitative

type = JBrowse/View/Track/Wiggle/Density

key = Density plot for P000227-S1314000129-Onc-GB-N_S5

cat sample data/raw/hgl19/conf/bam.conf >> sample data/json/hgl9/tracks.conf

Adding mutation information based on VCF files

The mutations in the VCF files can be shown in the JBrowse after few processing like
sorting and indexing of the VCF file.
1. Sort and index the VCF files

vef-sort <filename>.vef > <filename>.sorted.vef

bgzip <filename>.sorted.vct
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tabix -p vcf <filename>.sorted.vcf.gz

2. Add following lines in the tracks.conf for each VCF files. Change the

filenames as per as your case

[ tracks . P000177-S131400087-GL-N ]

storeClass = JBrowse/Store/SeqFeature/VCFTabix

urlTemplate = ../../raw/hg19/vef/dbsnp-P000177-S131400087-GL-N_S1.sorted.vcf.gz
category = VCF

type = JBrowse/View/Track/CanvasVariants

key = VCF - P000177-S131400087-GL-N

Adding generated name and function information

Add following to tracks.conf

bin/add-json.pl " "dataset id": "hg19", "include":

["../../raw/hgl9/conf/functions.conf" ] }' sample data/json/hg19/trackList.json
bin/generate-names.pl --safeMode -v --out sample data/json/hg19/
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Chapter 5

Testing & Results (Experimental Results)

5.1 Drug Response:-

5.1.1Search Resources:
1.Public Resources:

¢  Clinical Trial: http://www.clinicaltrials.gov/

PubMed: http://www.ncbi.nlm.nih.gov/pubmed

PharmGKB: https://www.pharmgkb.org/

DrugBank: http://www.drugbank.ca/

Google Scholar: http://scholar.google.co.in/

e FDA Pharmacogenomic Biomarkers:
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogentics/ucm
083378.htm

2.Non-public Resources:

¢ BioBase (PGMD) Trial Version: http://www. biobase-international.com
e ScienceDirect: http://www.sciencedirect.com/

e Nature, ACS, PNAS

Search Criterion:
1.Mutation/SNPs based

e Based on rsIDs
¢ Based on mutation co-ordinates (chr3:7577538)

2. Disease Condition and Drug Based:
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e In Clinical Trial advance search based on conditions and interventions or full text
of drug name, then looked for presence of mutation studies of gene of interest. Eg

of FDA Approved drugs: Sunitinib, Cisplatin, Fluorouracil, Oxaliplatin:-

Example- rs1870377 (KDR, chr4: 55972974) drug response studies:-
1.PubMed [http://www.ncbi.nlm.nih.gov/pubmed/?term=rs1870377+cancer]

[1] The rs1870377 of KDR were associated with poor time to treatment failure (TTF)
(p=0.029), while rs1870377 of KDR were associated with poor overall survival (OS)
(p=0.001). In conclusion, rs1870377 may affect treatment outcome and toxicity in

patients treated with sunitinib. [http://www.ncbi.nlm.nih.gov/pubmed/24123039]

[2] The VEGFR2 rs1870377 polymorphism might affect survival in patients with diffuse
large B cell lymphoma (DLBCL), suggesting that angiogenesis might be related to poor
survival in these patients. [http://www.ncbi.nlm.nih.gov/pubmed/22129133]

[3] The VEGFR2 rs1870377 is not found to be associated with sunitinib response or
toxicity. The study performed on 101 patients with renal-cell carcinoma with decreased

sunitinib response and tolerability. [http://www.ncbi.nlm.nih.gov/pubmed/22015057]

2.PharmGKB [https://www.pharmgkb.org/rsid/rs1870377]

[1] Genotypes AA + AT are not associated with response to cisplatin, fluorouracil and
oxaliplatin in people with Stomach Neoplasms as compared to genotype TT. (P

value=0.05 and n=94) [http://www.ncbi.nlm.nih.gov/pubmed/24090479]

Example using clinical trials-rs1870377 (KDR, chr4: 55972974) drug response studies:-

Clinical Trials [http://www.clinicaltrials.gov/ with text: KDR and conditions:

Gliosarcoma
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http://www.ncbi.nlm.nih.gov/pubmed/24090479
http://www.ncbi.nlm.nih.gov/pubmed/22015057

[1] Phase (Ph) II Bevacizumab + Erlotinib for Patients (Pts) With Recurrent Malignant
Glioma (MG) [NCT00671970]

Bevacizumab + erlotinib was adequately tolerated in recurrent MG patients. However,
this regimen was associated with similar PFS benefit and radiographic response when
compared with other historical bevacizumab-containing regimens.

[http://www.ncbi.nlm.nih.gov/pubmed/20716591]

[2] Phase 1 ongoing studies [Safety Study of XL184 (Cabozantinib) in Combination With
Temozolomide and Radiation Therapy in the Initial Treatment of Adults With
Glioblastoma (NCT00960492)]

[3] There are 441 clinical trials going on for Gliosarcoma and 4 having mention of
KDR/VEGFR-2 genes [NCT00671970: Bevacizumab+Erlotinib; NCTO01122888:
cilengitide; NCT00960492: XL184+temozolomide] Drugs studied- FDA  Approved
drugs: Bevacizumab , Erlotinib , Temozolomide.Under FDA  Approval (NDA):
Cabozantinib (2012).Experimental Drugs: cilengitide.

5.2.Quality Scores:-

1. Phred [1] quality scores are quality scores assigned to each nucleotide base in
automated sequencers. The most important use of Phred quality scores is the automatic
determination of accurate, quality-based consensus sequences. Phred quality scores Q
are defined as a property which is logarithmically related to the base-calling error
probabilities P.

= -10log10P
Phred quality scores of 20 means: Probability of incorrect base call 1 in 100 and Base cal
accuracy of 99%.
2. Base alignment quality [2] (BAQ) is a phred-like score representing the probability

that read base is mis-aligned; it lowers the base quality score of mismatches that are near
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indels (insertions or deletions). BAQ scores helps to rule out false positive SNP calls due
to alignment artifacts near small indels.

3. Minimum Coverage [3]: This indicates number of nucleotides contributing to a
portion of an assembly. In other words, on average each base has been sequenced a
certain number of times.

This has been set to minimum of 500x, 400x or 100x atleast.

4. Strand-filter [3]: The strand-filter used to remove variant calls when >90% of the

supporting reads come from one strand.
References for above-[1] Ewing B et.al. (1998), Genome Res. 8(3):186-194, [2] Li. H

et.al. (2011) Bioinformatics. 15;27(8):1157-1158. [3] Heidi et.al (2013) ACMG clinical
lab standard for NGS, Genetic In Medicine, 15, 733-747.

5.3Quality Checks:-
Germline cases: Quality Parameters: Total Reads of sequence, Number of reads

supporting Reference Allele, Number of reads supporting Variant Allele, Q20: Bases
having Phred score > 20
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Germline cases: Quality Parameters: Total Reads oLsaauﬂnm_TshlmbﬁLaLtmdmmmmjm’_Re_&iﬁn&_AﬂﬂP_‘
Number of reads supporting Variant Allele, Q20: Bas Table i’l Quality Check Of Samples(Germline
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Table 5.2 Germline Cases

Somatic cases: Quality Parameters: Total Reads of sequence, Number of reads supporting

Reference Allele, Number of reads supporting Variant Allele, Q20: Bases having Phred score > 20
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Table 5.3 Somatic Cases

Somatic cases: Quality Parameters: Total Reads of sequence, Number of reads
supporting Reference Allele, Number of reads supporting Variant Allele, Q20: Bases
having Phred score > 20
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Table 5.4 Somatic cases

5.4. Drug Response in Non-public resources (PGMD from
BioBase):-

I L
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Table 5.5 Drug Response




Additional Information (sample 069):-

Few additional homozygous/heterozygous SNPs found in sample 069. One SNP has

drugs response information. However, none of the drugs are appropriate for brain cancer

as for high blood-brain barrier.

Table 5.6 Drug Response
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Table 5.7 Addl. Sample 69 info.
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5.5. Experimental Results:-

Sample 069: Progressive Gliosarcoma

KDR Germline mutation found with rslD: 1870377.

20000000 AR CD0, 000 E'.":I[II."I.'IQG G0.000000 00000 200 120,000 000 140,000,000 VE0,000,00

) (=T chra = |chnd 55972020 S527230% (52 o) caoll @
S &0l S S0 B Y]

S5 4T2ATS

{5,872 50

| =

o Refarsnce sequence

WEF - PODI 19-51 30 40008%9-0nc-G5-M FRTRTOATT
Ery T
— —
cosmic COSM 1430220 COgM145673
[
CORMARLS
Drug Sensifvity data for KDR gene from i o i

hitp Sfewww. cancermxgens org/ranslation'Gene/ 1187 E_

Imatinib (Most sensifive)

Sorafenib Kk

FTI-277 — Experimeantal Drug g ;

Sunitinib - . g M i WWa R T ot ot |
AMG-705 (Least sensitive ) — Experimantal Drug " AT 2

Stand Life Sciences reporting that variant does not seem to affect Avastin with S-nrafenib in Glicblastoma iml
Phase || Study

Age-60 years

Gender-Male

Specimen type-FFPE(Tumor), Saliva(Normal)

Specimen type- Left Frontal Gliosarcoma

Lab id-069N, 069T

Clinical Indication- Progressive Gliosarcoma Grade 4, Ki-67 30%, GFAP positive with
interspersed GFAP negative sarcomatous foci. Pre treatment.

Observation- Here germline mutation is shown on the KDR gene(rsid-1870377).

It is shown as somatic mutation also and we have taken support of COSMIC database in terms
of sensitivity plot of different drugs tested from COSMIC database, for this mutation. Imatinib
drug is not useful because of blood brain barrier. The clinician used Sorafenib which is a well
known drug for brain cancer. We used Pubmed database for linking therapeutic options with
the mutated gene. We also used Biobase. Pubmed is a public literature database having all
abstracts. Imatinib is more suitable for blood cancer leukaemia. Another class is EGFR gene
which has large number of drugs available and can help in sample 069. KDR has many
synonyms like VEGFR-2 gene. If KDR does not have drug linkage associated with it then
VEGFR-2 would have drug linkages. Going forward we can map genes with all their
synonyms.

36




Sample 099: Germline Screening

[ 20,000 000 t-IJ.-IlE.l]lillil S0000,000 80,200,000 100,000,220 120,000 000

oy | {i o] & (ﬂ‘ chriD| = | oo 10 4280983 428 10074 (52 0] -n =]
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VICF - POO BO-5 1314000905t s
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— tissue collected form Large intestine. 4 - -
crarmie B A [E‘IE’E-WIFIE‘t-E' Recurrent R_spondfn R PrA LY LULAIAIES A LR R
TEmsiang fusions|in colon cancer.

T MNature 2012,488(7413).660-4] Hirschsprung Disease; HGMD database by BicBase as
well as Clinvar database. This disease is chamactenzed by
congenital absence of specializedcells in the
gastrointestinal tract. [hitp:/fessrscomimoorglentry’142623]

=
P ann TR e Associated with Multiple endocrine P S ey
s NEOPlasia, type 2a (Thymid cancer) N e
[hitp:/fananer. cmim.ongdentrg'1 7 1400]

Screening for risk prediction of gastrointestinal cancer. Family with cancer history.
MNearby SNPs are generally correlated with disease [1-2], in case of samples where
no SNP found.

[1] How many diseases dors ke 10 Map a gens with SHPs? Weiss elal. Nature Genetics, (2000} Vd . 26, 1531157
2] Multipie Single Nudectide Polymonphlsms on Human Chromosome 158q13.2-3 Assodate with FRisk of Basal Cell Carcinoma,
¥in etal. Cancer Eptdemiciogy Biomarkens Pravention {2002} , Vol 11, 14491453,

22

Age/DOB-11-3-1956

Gender-Male

Test- Cancer Predisposition Screening Test

Lab id- 099N

Specimen- Saliva

Clinical Indication- Risk prediction for gastrointestinal cancers. Family history-Grandfather and

uncle had esophageal cancer.

Observation- ClinVar is the clinical variant of dbSNP. Patient has family history. This is saliva-
sample only. No tumor. Patient came for checking predisposition. We are not reporting insertion-
deletion and duplication at present because in most of the cases we get 1 nucleotide mutation.
Insertion deletion and duplication have much higher false positive and false negative rates than

those seen for SNP.
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Sample 140: Sonmatic TPS3 mutation

chri?| = |chr1 A FEA 0089 57 7130 (51 b) i &5
Q a a@ 5o |

T.577 100 | 7577125
o

WLF - POODZ46-513 14007 40-0Onc-LICRRP-T M_.‘ G-=A
— - — -~ — —
snp 1 28F Lagged 7 rs28%34574 5121972680 rs121912657
o —
rallF34556
—
ral 21913343

cosmic COSMAII0T

COSAMLTI09

CORMATIT0

COSMIEES

COoM4T308

COSKIIT48

DM Ol

Indication: High grade urothelial carcinoma (chemotherapy: carboplatin & gemcitabing). 2=
Father affected with lung cancer and sister affected with colon cancer.

Age/DOB- 16-12-1973

Gender-Female

Specimen type-FFPE Block(Tumor), Saliva(Normal)

Specimen type- Left radical Nephrectomy & Retro caval lymph node

Lab id-140N, 140T

Clinical indication-High grade urothelial carcinoma, left renal pelvis-PT3N2, cancer stage-3, on
chemotherapy (carboplatin and gemcitabine); Family history- father affected with lung cancer and

sister affected with colon cancer.

Observation- Somatic variations were detected in TP53 and RB1 genes and a germline variation

was detected in VHL gene.
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Sample 140: Somatic RB1 Mutation
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COSAM17544
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CORMTSEET

COSMIYS52
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Indication: High grade urothelial carcinoma (chemotherapy: carboplatin & gemcitabine). 22
Father affected with lung cancer and sister affected with colon cancer.
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Sample 140: Germline Screening
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COSMITIN CO5MAZIZ04 COEM251350 COSMEETHD Von HippekLindau syndrome (VHL) is a
C05MZ53354 COSMS3 184 LOSMI7950 d“”:“ﬂ““ﬁ' "';;f_’“tf’d_fa”';'l'al c:an:c:;r -
= ] syndrome predisposing to a variety o
COSMIEE M [ b e e COLMIET4Y . . - -
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COLMIEZE4 COSMIOPR  COSMUITTYE  COSMITTE COSMITTAT renal cell carcinoma (RCC).
N — A— - !
C03MAZ3253 COGMITTAT  COSMITS:  COSMIEZES [hitp:/ fwww.omim. org/entry/193300]
— I — — A L]
LOSM1B064 COSM253357 COSMICEZY  COSMI4I06 COSMEIEET  COSMEBAZT
AT . mma
COSMIBI39 COTMAST002) COSMI320  COSMI304E

Indication: High grade urothelial carcinoma (chemotherapy: carboplatin & gemcitabine).
Father affected with lung cancer and sister affected with colon cancer. SNP foundtobe ==
associated with VHL syndrome.

Observation-TP53 is picked up as additional mutation which happens in case of cancer in
general. Drug response is also linked with that.

This mutation is associated with VHL syndrome which is predisposed to many cancers, This
patient is not yet diagnosed with cancer. VHL syndrome is shown on the upstream. This is
makes him predisposed to variety of malignant and benign neoplasms, including renal cell

carcinoma (RCC).VHL syndrome is shown by dbSNP.
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Sample 087: Germline Screening
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Indication: Unaffected, No family history of cancer
- No disease association of with this SNP
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Age/DOB-15-01-1974
Gender- Female

Lab id- 087N
Specimen-Saliva

Clinical indications- Unaffected, No family history of cancer.
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Sample 088: Germline Screening

L} 20,000,000 40,000,000 50,000,000 0,000,000 100,000,000 120,000,000
(=) EJ\ G @ a [chra| = [chea: 146749723 146724772 (52 b) Je=l 2
145 741,726 145741 760

) leference s-cqu-enu.-

& VCF - POODT78-5121400088-GL-H ﬁ!??:ﬂ?ﬁ rs!.:d-!iﬁ 3
SNY G =& SV G -= 4

—_—
o AP ELLE ]

snp 1 J8Flagg=d
gwasCatalog

—
hapmaphiga AT Fi4244613

Indication: Unaffected with no family history of cancer
- No disease association with this SNP
27

Age/DOB-45 years

Gender- Female

Lab id- 088N

Specimen-Saliva

Clinical indications- Unaffected, No family history of cancer.

Observations-Patient came for germline test only out of curiosity. No family history. No cancer found.
No disease associated with this SNP. Cosmic support here is not effective because of being 20

nucleotides away from SNP.
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Sample 101: Germline Screening
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Indication: suspected predisposition as father suffered from stomach maligancy. The SMNP has
been marked clinically significant for Tuberous sclerosis syndrome.
[htte:/Awwencbi.nlm. nih.govwmedgen/Co041 34 1].

Such patient can develop various cancers including renal-cell carcinoma

28

Age/DOB- 24 years

Gender- Male

Lab id- 101N

Test- Cancer Predisposition Screening Test

Specimen- Saliva

Clinical Indications- Suspected predisposition to cancer.Oral Malignancy. Father suffered from

abdominal malignancy.
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Sample 128: Germline Screening
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Indication: Screening for cancer. Family history of cancer
- No disease association for this mutation
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Age/DOB- 30-12-1961

Gender- Male

Test- Cancer Predisposition Screening Test

Specimen- Saliva

Clinical Indications- Patient came for risk prediction. Family history- Mother diagnosed with
tumor in Uterus at the age of 65. Aunt diagnosed with tumor in uterus at the age of 55. Another

aunt diagnosed at the age of 60 but cancer type unknown.

Observation-Only saliva sample. Family history of cancer. No cancer detected.
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Sample 075: Somatic Mutations
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Indication: Metastatic recurrent germ cell tumor. Chemotherapy with oxaliplatin and
Gemocite.
- No disease association with this SNP

Age-69 years

Gender-Male

Specimen type-FFPE(Tumor), Saliva(Normal)

Specimen type- Retrocaecal deposit(FNAC)

Lab id-075N, 075T

Clinical Indication- Metastatic recurrent germ cell tumour, seminoma(tubular variant). Tumor

cells marked with PLAP and c-kit. Treatment- Gemcite and oxaliplatin chemotherapy.

Observation-We are getting mutation but not associated with any disease as per
COSMIC,dbSNP and Hapmap. Patient actually came with cancer. No disease association with
this SNP.
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Sanple 129: Sometic PIK3CA muetions
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Age/DOB- 1-07-1945

Gender- Male

Specimen type-Saliva(Normal) & FFPE(Tumor)

Lab id-128N, 128T

Specimen site- Left temporal SOL

Clinical Indication- Glioblastoma- Grade 4, on concurrent temozolomide and radiation therapy.

Observation- Whatever therapeutic options and other information exists, COSMIC is showing at
exact SNP. No direct evidence of therapeutic options based on the reported SNP mutations. We
need to refine the substrategy to include greater degree of cancer biology information in terms of
biochemical pathway and signal pathway to link any indirect evidence also.PIK3CA gene is very
important in the cancer pathway where an upstream gene called MTOR for which there are a lot
of known inhibitors. PIK3CA mutation has not given any direct drug response but one of the
inhibitors of MTOR has relevance because the PIK3CA gene is susequently made
dysfunctional. The drug is inhibiting MTOR in the same pathway where PIK3CA is playing an
important role. The mutated gene like PIK3CA can be as long as 100 nucleotides.
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Age/DOB- 22-10-2007

Gender- Male

Lab id-134N, 134T

Specimen type- Saliva(Normal), FFPE(Tumor)

Specimen site- Brain tumor(Left thalamic SOL Biopsy)
Clinical Indications- Anaplastic Astrocytoma, WHO Grade 3

Observations- LFS syndrome is associated with many cancers. dbSNP shows LFS. Patient has
high grade brain cancer. The particular mutation is not associated with any disease but the
nearby SNP shown by dbSNP on the downstream is associated with LFS.
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Sample 134: Sometic TP53 mutation
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Indications: Anaplastic Astrocytoma (high grade gliomas).

Both the nearby SNPs are clinically marked significant for Li-Fraumeni syndrome. The Li-Fraumeni syndrome
(LF3} is a clinically and genetically heterogensous inherited cancer syndrome. LFS is characterized by autosomal
dominant inheritance and early onzset of tumors, multiple tumors within an individual, and multiple affected family
members. The main hereditary predispositions for high grade gliomas are mainly neurcfibromatosis type |, Lbi-
Fraumeni syndrome. [hitp/swww. omim.org/entrny/ 151623] Chri7: c.TA77338C>T, TPA3

Age/DOB- 12-02-1958

Gender- Female

Specimen type- Saliva(Normal) & FFPE Block(Tumor)

Lab id- 144N & 144T

Specimen type- Brain Tumor- Right frontal Glioma

Clinical Indications- Glioblastoma Multiforme, Grade 4, currently being treated with
Bevacizumab.

Observations-COSMIC shows very large insertion or deletion. If we drill down it will give
info for entire region and not for that pin pointed mutation.NGS is not technically suitable for
large insertions or deletions.NGS is more suitable for 1 or 2 nucleotide mutations.
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Indication: Glioblastoma Multiforme, currently being treated with Bevacizumab

Age/DOB- 15-04-1969

Gender-Female

Specimen type- Saliva(Normal) & FFPE (Tumor)
Lab id- 166N & 166T

Specimen type- Right frontal high grade glioma
Clinical Indications- Glioblastoma Multiforme

Observations-Somatic mutations in VHL, PTEN and RB1 genes were detected. This SNP is
supported by COSMIC over 4 nucleotides.




Sample 166: Somatic Mutation

LZI:I.EII:II:I.I:II:II] 40,000,000 60,000,000 80,000,000 100,000,000 120,000,000 140,000,000 150,000,000 180,000,000
@ @ 'Et E‘L EL a chird| = |chrd 1M E37AZ 10183841 (51 0} o g
10,183,000 | 10,183,825

Referercs sequengs

VCF - POODEY2-5121400168-One-GE-T-C E-.'G-*-T ﬂ.ﬂ:..—r SHYC =T
T _— i L
snp | JBFlagped r=f43965153 5030808 rso050E0
—_—
rs3000807
Familial Phecchromocytomas von Hippel-Lindau syndrome

hapmapSnpsA5W

gwasiatalog

e L}
COsIm COSM47313T COSMAZIRE COEM1 4757 COAM1TEI3 COSMITEST COSMT163457
o] L)
COSMaNESS COSTTI COSM3A00T  COSMITTIY
ORI
COTMIBY COSMI128 COSME000
FuCEXRADIOA BETFIOMAT AR, MDA AN  RCRCHCEF OO
TSR RIS COI5MAT TR%Es0 TSR COMME 15 LM TS COSMSISE [ A
— o — W y! — E—
COSM1 165655 COSMITTZA COEMZE3553 CO5M 1155654 COSMITRER
L___J} A — E— — LA L__J} PamarE— —
COEANTET14A CORMATIY R FLE Gkl FOSMTIGAS ST R FEErat] CrEANATT1AS FOSMAATE N5
Indication: Glioblastoma Multiforme 2

Age/DOB- 1-3-1954

Gender- Female

Specimen type- Saliva(Normal), FFPE(Tumor)

Lab id- 180N, 180T

Specimen site- Gall Bladder, Radical Cholecystectomy
Clinical Indication- Carcinoma gall bladder, G2 Stage,3B

Observations-Continuous redlines indicate either insertion or deletion so large number

of nucleotides are either inserted or deleted.




Sample 180: Somatic Mutations
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Indication: Carcinoma gall bladder

51



Additional SNPs report *

We have found additional SNPs across the samples. Following 4 rsids have been associated with drugs
response(s) in PharmGKEB (M. Whirl-Carrillo et.al (2012) Clinical Pharmacology & Therapeutics 92(4): 414-417
[hitps:/iwww pharmgkb.org/).

Colorectal

Cisplatin, Neoplasms, .
maqip'ati"' E“‘?hagea' ﬁﬂﬁﬂfwhﬁ:;m?d 22026922
platinum Neoplasms, Pt e
COMpolnds | Pancreatic il st St
Neoplasms
PFS: Progression-Free survival Indications-
TR: Total Read 088: Unaffected. with no family history
RD: Reference Allele Supporting Read 099: Risk for gastrointestinal cancer. Family history of esophageal cancer.
AD: Variant Allele Supporting Read 101: Risk for oral cancer. Family history of abdominal cancer

) . e 1.
* These SNPs are not reported by Strand Life Sciences, # Conflicting drug responses reported in literature

Table 5.8 Addl. SNPs found
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Additional SNPs report *

We have found additional SNPs across the samples. Following 4 rsids have been associated with drugs
response(s) in PharmGKB (M. Whirl-Carrillo et.al (2012} Clinical Pharmacology & Therapeutics 92(4): 414-417
[hitps:/fwww.pharmgkb.org/]).

Colorectal

Cisplatin, Neoplasms, .
oxaliplatin, Esophageal iﬂﬁmfﬂmm:mme f'::""" oy
platinum Neoplasms, S =
compounds Pancreatic ~ FretPecGin=liLp=0.00).
Neoplasms
PFS: Progression-Free survival Indications-
TR: Total Read 088: Unaffected, with no family history
RD: Reference Allele Supporting Read 099: Risk for gastrointestinal cancer. Family history of esophageal cancer.
AD: Variant Allele Supporting Read 101: Risk for oral cancer. Family history of abdominal cancer

) ) L 1,
* These SNPs are not reported by Strand Life Sciences, # Conflicting drug responses reported in literature

Table 5.9 Addl. SNPs found
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Somatic cases of additional SNPs *

PFS: Progression-Free survival Indications-
TR: Total Read 075 Metastatic recurrent germ cell tumor, seminoma {fumor of testis). On Gemcitabine
RD: Reference Allele Supporting Read and Carboplatin

AD: Variant Allele Supporting Read

* These SNPs are not reported by Strand Life Sciences
Table 5.10 Addl. SNPs found

Max health care strategic output

Genetic Testing reports are now validated (for Oncology reports) in MHC for the
mutations and drugs options using independent tools and sources. Established Gene
Mutation Analysis platform of software pipelines using Open Sources tools (BWA,
GATK, Bioconductor, Samtools, VarScan2) on Linux based Operating System. Moreover,
we have implemented GATK best practices for mutation detection . Developed browser-
based tools for visual analysis of the gene mutations using Open Source tools (JBrowse,
HTMLS, Javascript, Python). Browser-based visual tool enables clinicians to look at
upstream/downstream of the mutation/SNP. The visual tool can be used to identify
mutation hot-spots, driver mutations and passenger mutations. Quality Checks are made
part of the software tools for minimizing possible false-positive detection of gene
mutation/SNP. The quality checks based on minimum coverage, Phred scores, ratio of
supporting variant and reference alleles. Mutations are further validated using COSMIC,
HapMap, Geome Wide Association Studies and clinically flagged SNPs from dbSNP.
Started working towards personalized medication based on suggestion for mutation-
specific therapeutics from pharmacogenomics based database like PharmGKB (public),
Clinical Trials (public) and BioBase (propriety)
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Chapter 6

Conclusion and Future Scope

6.1.Web portal development for visualizing gene mutations and

mapping to drug responses:

Need for development of database and web-portal:

The project envisages to use both document-oriented (NoSQL) and relational database
(SQL) in order to pre-process as well as post-process the diverse data format of the
output as well as the input data. For example, the genomic data would be stored both in

ASCII (text) as well as binary format.

6.2.Relational Database Structure:

The dynamic MVC or MVT web-portal development:

The model-view-controller (MVC) pattern is an architectural pattern used primarily in
creating Graphic User Interfaces (GUIs). The major premise of the pattern is based on
modularity and it is to separate three different aspects of the GUI: the data (model), the
visual representation of the data (view), and the interface between the view and the model
(controller). The primary idea behind keeping these three components separate is so that
each one is as independent of the others as possible, and changes made to one will not
affect changes made to the others. In this way, for instance, the GUI can be updated with

a new look or visual style without having to change the data model or the controller.

6.3.Python based Django based web-framework:

Django is a free and open source web application framework, written in Python, which
follows the model-view—controller architectural pattern. Django's primary goal is to ease
the creation of complex, database-driven websites. Django emphasizes reusability and

"pluggability" of components, rapid development, and the principle of don't repeat
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yourself. Python is used throughout, even for settings, files, and data models. Django also
provides an optional administrative create, read, update and delete interface that is
generated dynamically through introspection and configured via admin models. Django

can be used for building high-performing, elegant Web applications quickly.

The developed tools and application in this project would be used for visualization. The
integrated data available on single platform can be used for providing near real-time
access to gene mutation analysis and its (possible) mapping to the drug responses. The
differential drug responses information associated with the gene mutations, would lead to

practice of personalized medication in future.

6.4.Summary of Contribution-

We have established Gene Mutation Analysis platform of software pipelines using Open
Sources tools (BWA, GATK, Bioconductor, Samtools, VarScan2) on Linux based
Operating System. Moreover, we have implemented GATK best practices for mutation
detection. Also, developed browser-based tools for visual analysis of the gene mutations
using Open Source tools (JBrowse, HTMLS, Javascript, Python). Browser-based visual
tool enables clinicians to look at upstream/downstream of the mutation/SNP. The visual
tool enables identification of mutation hot-spots, driver mutations and passenger mutation
Quality Checks are made part of the software tools for minimizing possible false-positive
detection of gene mutation/SNP. The quality checks based on minimum coverage, Phred
scores, ratio of supporting variant and reference alleles. Mutations are further validated
using COSMIC, HapMap, Geome Wide Association Studies and clinically flagged SNPs
from dbSNP.

With help of the above platform and visual tools, the Oncologist is now able to do a
triage — look at a patient, look at their lab results and look at their genetic profile visually;

they are now able to do more personalized medicine.
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