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ABSTRACT

After skin cancer prostate cancer is the second most prevalent cancer in men. Somatic mutations
in Prostate Adenocarcinoma are revealed by processing of the next-generation DNA sequencing
data of the exome region. Mutation in exome region directly effects the expression of the genes
and sometimes inhibits the expression which can lead to several diseases. High throughput
technologies and NGS analysis enable us to find out variations in the exome region that are
involved in complex pathways of cancers. Biomarkers can be identified using NGS and exome
sequencing analysis pipelines which can help in diagnosis, treatment and prognosis of the cancer.
Exome play a major role in protein profiling so any change in this region affect the individual.
PRAD exome data was used to analyze the variations in the exome region. Data for PRAD was
downloaded from the TCGA web portal for tumor matched with normal types 17 samples on
which exome sequence analysis pipeline were applied to predict and prioritize the genes
involved for PRAD pathway.

Perl programming language was used to prioritize and analyze the exome data. Perl script
maf2vcf.pl, DisGeNET, Annovar software packages were used to find out 93 probable genes that
were filtered from DisGeNET. Then 54 genes were found in conserved regions with
phastconselements46way score > 400.

17 TCGA 1Ds samples showed sequence alignment errors which were filtered by matching with
segmented duplications. Polyphen2 annotations were used to give scores about the deleterious
effect of the variants. After these steps we got the most probable genes that might be responsible
for the cause of Prostate Adenocarcinoma (PRAD). GSTT1, TP53, CYP19A1, BRAF genes were
already involved in the pathway of occurrence of prostate cancer and these genes were also
present in the filtered genes in this study. Using experimental validation methods on the filtered
genes we may help in finding out the novel genes that are involved in the complex pathway of
prostate cancer.




INTRODUCTION

Revolution in research is due to the wide range of applications and high throughput efficiency of
the Next Generation Sequencing (NGS). NGS helps in studying the alternative splicing
complexity (Martin et al., 2011), landscape of mutations in cancer. The recent advancement in
NGS following the first Human Genome draft (2003), massive data have been generated for
various types of cancers. To analyze these data various computational and NGS pipelines
approaches are used. The most widely used application is whole exome sequence analysis which
is used to find the genetic basis of human diseases phenotype (Mamanova et al., 2010). Many
recent studies have been carrying out integrative analysis of epigenetic and exome sequences
(Liao et al., 2013).

Capture sequencing of the exome has been quite popular since such an approach showed its
clinical utility to identify known and novel variants associated with Mendelian diseases. In a
landmark report, exome capture followed by next generation sequencing was shown to have
clinical relevance in Miller's syndrome. Furthermore, a number of researchers have used exome
sequencing for diagnosis and identification of novel genetic variants and novels genes associated
with Mendelian diseases. Additionally, it has also been used to finely map variations in complex
diseases and used them in clinical diagnosis of cancers.

The Cancer Genome Atlas (TCGA) is a common platform designed to distribute and handle
large volumes of research data for 34 types of cancer. Prostate Adenocarcinoma (PRAD) is a
common type of cancer prevalent in North America, Australia, Europe and New Zealand and is a
major cause of death in men (Hsing and Chokkalingam, 2006). TCGA provides information
about the variations in exome data observed in the tumor samples in which somatic changes and
variations are observed. The smart architecture of TCGA enables a researcher to download raw
or processed data wherever applicable and available. Independent studies can be carried out to
compare, analyze and interpret the information from various platforms on a particular sample. As
is the mission of TCGA, the atlas of variations can be analyzed and stored to reduce the gap in
the cancer and its molecular biology. Biomarkers can be found by using this study which helps in
prognosis, diagnosis and treatment of the PRAD. These markers will be useful for personalized
oncology treatment of the cancer.

Data analysis in this study, first involves the conversion of maf files into vcf files using perl
language programming script and then several databases and packages were used to filter and
analyze the data. In this study, the data was downloaded for PRAD from batch 184 for 17 tumor
matched with normal samples.

In this study, we implemented ANNOVAR package (which uses the perl programming
language), twobittofa tool to obtain the reference genome in correct format, DisGeNET database,
maftovcf.pl perl scripts and MS-Excel were used to filter and analyze the variations in exome
sequencing data. Finally the results were viewed on Integrative Genomics Viewer (IGV, Broad
Institute).




Review of literature

3.1 Next Generation Sequencing

The genome sequence is largely the same between individuals, all of us differ from each other in
certain positions in the genome sequence. These changes are called genetic variations. These are
associated with specific features which are shared with parents, so these variations are inherited
one. The association of genetic variations and traits form the basis of human genetics. Now, not
all genetic variations are associated with a human trait, but only a handful of them, mostly which
fall in and around regions of protein coding genes (Conrad et al., 2011). In many cases, the
genetic variation is common in the population of individuals and these common variations are
otherwise called polymorphisms.

Now sequencing individual genomes to understand the variations and arrive at the implications
using the conventional Sanger sequencing methodology would have been extremely expensive.
So the years which followed the human genome sequencing saw extensive investments into
making nucleotide sequencing cheaper, fast and applicable in clinical settings. Consequent to
these efforts, the field saw tremendous improvement in the throughput and speed and consequent
drastic reduction in the costs of nucleotide sequencing. So much that it is now possible to
sequence complete human genomes at a minuscule fraction of the cost incurred in the
international human genome project. These technologies have been generally called next-
generation sequencing technologies (NGS). As you would have imagined, NGS is not just one
technology, but a generic name for a set of technologies which has enabled high-throughput
sequencing of nucleotides. Each of the individual technologies significantly differ in the
chemical reactions and readouts, but generally similar in the fact that they can sequence millions
if not billions of sequences in one go (Koboldt et al., 2010).

3.2 Exome Sequencing

The genome as we know is composed of over 3 billion bases. Not all of these three billion bases
code for genes. Actually only a minuscule proportion of these 3 billion bases has protein coding
potential. These regions are not contiguous in most cases of genes, but rather interspersed with
regions which do not have a potential to encode for proteins. These are called exons. The exons
encompass approximately over 50 million bases in the human genome. So one would naturally
argue that it would be worthwhile to just sequence the 50 million odd bases in the human
genome to understand genetic diseases. This is true in most cases with some exceptions. A
number of mutations could also potentially affect the regulation and biogenesis of transcripts and
could also cause diseases. Genetic mutations analysis show that these all fall in or near protein
coding genes and exons.

Now sequencing the 50 million odd bases across the protein coding regions or exons and
neighboring regulatory regions has been attempted. There are two popular approaches to 'capture’
these regions. These are called capture methodologies. The principle is based on the fact that




complementary oligonucleotides would hybridize the region of interest and could be separated.
Two popular capture methodologies have been developed; in first method we capture fragments
on a glass surface, while the other captures it on magnetic beads. Fragments on capturing regions
denature and then we do sequencing of these regions.
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Figure 1: NGS overview (Rehm et al., 2013)




3.3 Platform Design:
Data used in this study is shown in the table below that is downloaded from TCGA portal
website (https://tcga-data.nci.nih.gov/tcga/tcgaPlatformDesign.jsp)

Platform Center TCGA Platform Code Platform Name
Broad.mit.edu ILLUMINA [llumina Genome Analyzer
GA_DNASeq DNA Sequencing

Table 2: Data center

3.4 The Cancer Genome Atlas (TCGA):

The Cancer Genome Atlas stores 34 cancer types high level data that is generated by the various
laboratories like Broad Institute, HGSC, WUSTL. These laboratories generate data from many
samples of cancer patient in the form of clinical information, CNV(SNP arrays), DNA
methylated data, micro RNA-seq data, somatic mutations, expression protein data, RNA seqV2
data, CNV(low Pass DNASeq), protected mutations data, copy number data. The data is present
in different types of levels like Level 1, Level 2, Level 3 and each level has its own meaning
when it comes to its data type. This data is present for tumor samples and also for normal
samples. TCGA has unique ID for the samples.

In this study somatic mutation data is used that is downloaded from TCGA. Detail of data is
below in the table.

TCGA provides data free available if it is not downloading able then you are not allowed to
access that data because this data is protected. To access this data you need special permissions.
In TCGA data we have special bar codes for each sample. The specification of these bar codes is
available at https://wiki.nci.nih.gov/display/TCGA/TCGA+barcode. Data can be downloaded for
tumor and normal type samples. In this study | download Level 2 data of prostate
adenocarcinoma (PRAD) of 17 tumor matched with normal samples of batch 184. Level 2
data is preprocessed data that is available on TCGA data portal. Level 3 data is not available as |
mentioned it in the above table.



https://tcga-data.nci.nih.gov/tcga/tcgaPlatformDesign.jsp
https://wiki.nci.nih.gov/display/TCGA/TCGA+barcode

Data Types |Cancer Data type|Level 1 |Level 2 Level 3 |Important How to
types Name Metadata retrieve data
applicable

Mutations All Somatic |Whole |Somatic n/a The mutation|Data Matrix

mutation 'exome |mutation data do not|&Bulk
sequence [for  each have a|Download:
participant standard Select
MAGE-TAB |'Somatic
archive Mutations
associated for Data
with them yet. | Type
The latest
mutated  file File Search:
specifications |Select 'DNA
areavailable |Mutations
on the wiki. for Data
Category
Publication
MAF Search

Table 2: Data types and data levels at TCGA for Exome of various cancers
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Figure 2: Data portal web face

3.5 Analysis of exome level 2 data:

@ Help

EEEE

.

Exome Level 2 data of consists of the variations found in the exome region after preprocessing
of the raw data and then match this data with reference genome. Then to find out or prioritizing
the genes responsible for a particular disease here in this study DisGeNEt database and
ANNOVAR package is used. After that annotation of these genes is also done using ANNOVAR
package. Perl language is used to analyze level 2 data using ANNOVAR package and also perl
scripts are used to covert maf files into vcf formats. EXCEL tools also used to filter genes from

DisGeNET database.
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ANNOVAR package is used to annotate functions of the variations up to date. Annovar provides
various databases like refgene, cytoband, genomicSuperDups, Cosmic68, 1000g2012apr,
esp6500, phastConslelements46way, snp138, 1jb26.

Annovar package have perl scripts that uses these databases and helps in filtering those
alterations that are responsible for the study of diseases. PhastContrastelements46way database
helps in finding those alterations that fall in conserved regions. These variations are most likely
responsible for disease. Then genomicSuperDups databases are used to filter out duplicated
variations and it filtered our gene list further. Further databases are used to annotate these filtered
genes.

3.6 Prostate adenocarcinoma

Prostate cancer is multi-factorial complex disease. Prostate cancer is more prevalent in North
America, Australia, Europe and New Zealand (Jemal et al., 2010). About 250,000 patients
detected positively for prostate cancer in United States of America alone in 2015. However
prostate cancer rate is slow in Asian countries. In India prostate cancer occurrence rate is very
low 3.3/100,000(Shen et al., 2010). In Indian cities Delhi, Pune, Kolkata and
Thiruvananthapuram prostate cancer is the second leading cancer. Mumbai and Bangaluru are
the third leading sites. There is no standard clinical practice for prostate cancer yet however
TP53( Balmukhanov et al., 2013 ), GST family(Ecke et al., 2010), CPY19A1(Kanda et al.,
2015), PTEN and AR genes are probable genes responsible for prostate cancer.

3.7 Pipeline used in current study:

(a) Download TCGA data of exome in maf format

(b) Convert maf in to vcf format

(c) Then map these vcf files with the DisGeNET database

(d) Convert vcf files in to avinput format

(e) Filter genes by phastConselements46way database

(F) Further filtering of genes with genomicSuperdups database

(9) Validation of these filtered genes with cosmics database

(h) Gene annotation of these filtered genes

(D) In the end get the cytobands for the genes

11




METHODOLOGY

4.1 Data Retrieval

Exome Data downloaded from TCGA data portal in the form of Somatic mutations that are in the
form of Bl Automated Mutation Calling for 17 same of tumor matched with normal provided
with their TCGA 1Ds for Prostate Adenocarcinoma (PRAD).

Data Type Exome sequencing

Level 2

Center/Platform IHlumina Genome Analyzer DNA
Sequencing

Batch 184

Disease PRAD

Table 3: Data Detail for Prostate Adenocarcinoma (PRAD)

Data downloaded in the maf format as look below
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Figure 3: maf file

4.2 Download Human Reference Genome hgl9

Download the Human Reference Genome from the link
(http://hgdownload.cse.ucsc.edu/downloads.html#human). Reference genome downloaded in the
form of bit format.

To convert bit format into fasta format I use twobittofa utility tool of UCSC genome browser.
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http://hgdownload.cse.ucsc.edu/downloads.html#human

4.3 Converting maf files in to vcf files

Converting maf file into vcf files a perl script maf2vcf.pl is developed by ckandoth license to
apache2. In this script a slight change is done manually by changing the location of the reference
genome by giving the reference genome path that is in the user system. Then run the command.

4.4 Download the ANNOVAR software

ANNOVAR software is downloaded from the annovar web site but to download this software we
have to register first and also needed an academic mail id. After registration a link is send to the
mail id from where annovar can be easily downloaded.

4.5 Download DISGENET database
4.6 Downloaded the required databases that are needed in Annovar software
4.7 Convert the vcf files into .avinput format

Annovar uses only .avinput files so convert the vcf files into .avinput format by using
convert2annovar.pl

ashish@ashish-HP-Pavilion-15-Notebook-PC[~/Desktop/annovar]
ashish@ashish-HP-Pavilion-15-Notebook-PC[ashish] cd project/script [ 5:24PM]
ashish@ashish-HP-Pavilion-15-Notebook-PC[script] cd [ 5:24PM]
ashish@ashish-HP-Pavilion-15-Notebook-PC[annovar] convertZannovar.pl -format wvcf
MOTICE: for SNPs, column 6 and beyond MAY BE heterozygosity status, quality scor
nformation can be recognized automatically
MOTICE: for indels, column 6 and bevond MAY BE heterozygosity status, quality sc
uality, if these information can be recognized automatically
MOTICE: Read 50 lines and wrote 45 different wvariants at 45 genomic positions (3
MOTICE: Among 45 different wvariants at 45 positions, 45 are heterozygotes, @ are
MOTICE: Among 31 SMPs, 20 are transitions, 11 are transversions {(ratio=1.82)
ashish@ashish-HP-Pavilion-15-Notebook-Pc[annovar] [ [ 5:39PM]

Figure 4 : convert2annovar.pl
4.8 Gene based annotation of .avinput for extracting the names of the genes

To get the names of the genes that are filtered after conversion of maf files into vcf files is done
by annotate_variation.pl
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.exonic_variant_function
ashish@ashish-HP-Pavilion-15-Notebook-PC[annovar] clear [ 5:52PM]

ashish@ashish-HP-Pavilion-15-Notebook-PC[annovar] annotate_variation.pl -out 7211-01/7211 -build hg19 7211-01/7211.avinput humandb/ [ 5:54PM]
NOTICE: The --geneanno operation is set to ON by default

NOTICE: Reading gene annotation from humandb/hg19_refGene.txt ... Done with 50914 transcripts (including 11516 without coding sequence annotatio
n) for 26271 unique genes

NOTICE: Reading FASTA sequences from humandb/hg19_refGeneMrna.fa ... Done with 67 sequences

WARNING: A total of 345 sequences will be ignored due to lack of correct ORF annotation

NOTICE: Finished gene-based annotation on 45 genetic variants in 7211-81/7211.avinput

NOTICE: Output files were written to 7211-01/7211.variant_function, 7211-81/7211.exonic_variant_function
ashish@ashish-HP-Pavilion-15-Notebook-PC[annovar] [ 5:57PM]
ashish@ashish-HP-Pavilion-15-Notebook-PC[annovar] clear [ 6:03PM]

Figure 6: .avinput script format

Now run the same scripts for all 17 vcf files and then get the all genes name in the excel sheet.
Then mapping vcf files genes with the DisGeNET database.

This script annotate_variation.pl -out 7211-01/7211 -build hg19 7211-01/7211.avinput humandb/
output two files 7211-01/7211.variant_function and 7211-01/7211.exonic_variant_function.
After this step mapping .variant_function files genes name of the entire 17 sample we got filtered
genes for PRAD.

4.9 Filtered variations in conserved region

To get the variation in conserved regions we have region based annotation to use the
PhastConselements46way database which gives score and we filtered the variation above 400
threshold. This can be done by annotate_variation.pl -regionanno -build hg19 -out 7211-01/7211
-dbtype phastconselements46way 7211-01/7211.avinput humandb/.

4.10 Segmented duplicated variations filtered

This can be done first by downloading the genomicSuperDups database and then run the
following perl script annotate_variation.pl -regionanno -build hgl9 -out 7211-01/7211-dbype
genomicSuperDups 7211-01/7211.avinput huamndb.

After this step | filtered out more genes from the above filtered gene (conserved region) by
removing the variations from genomicSuperDups database.

4.11 Further filtration is done by polyphen2 annotation

Download HVAR database and then map the .avinput files with this database by
annotate_variation.pl -filter -dbtype 1jb23 pp2hvar -buildver hgl9 -out 7211-01/7211
7211/7211.avinput humandb.

Probably damaging = .909 — 1

Possibly damaging = .447 - .908

Benign =0-.446
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4.14 Mapping with cosmic database
Cosmic database is Catalogue of Somatic mutation in cancers. Annovar uses this database and
tell us that these mutations occur in cancer that is present in literature and how many times.

4.15 Getting cytobands

To get the location and the bands of variation download the cytoband database. Then uses the
perl script annotate_variation.pl -regionanno -build hgl9 -out 7211-01/7211 -dbtype cytoband
7211-01/7211.avinput humandb.
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RESULTS

5.1 Converting maf files into vcf files
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4 ABCAI 19 broad mits Jc?  LOSEA08 LOSEA(8 + Frame ShDEL  AGAGGAAGAGGA- TCGA-ET TCGA-EFT782-11A-01D-2114-08
5 ABCAIS 154664 broad mit Sk 48332729 483527129+ et NP C C T TCGA-H(TCGA-HC-1742-11A-01D-2114-08
6 ABCAI3 154664 broad mits k7 48332729 48352709 + Slet  SNP - C C T TCGA-H(TCGA-HC-7742-10A-01D-2115-08
7 ABCCIL 85320 broad mits Vel 48212570 48212570 Missense NP G G A TCGA-ET TCGA-EF-7782-104-01D-2114-08
8 ABCCS 10057 broad mits M3 L34EAS THE0R + Missense_SNP C C T TCGA-EJ TCGA-E-T331-11A-01D-2114-08
9 ABCCS 10057 broad mits Schd  LS4EH08 184E-8 + Missense NP C C T TCGA-EJ TCGA-EJ-T331-10A-01D-2114-08
10 ABCCS 10057 broad mits k) LSEAS 1H4E-08 + Missense NP C C T TCGA-ET TCGA-EF-T782-104-01D-2114-08
11 ABCCS 10057 broad mits ) LS4EAS LHEA8 + Missense NP C C T TCGA-ET TCGA-EFT782-11A-01D-2114-08
12 ABCCE 6833 broad it kel 1742824 1740804 + Missense NP C C T TCGA-EJ TCGA-EJ-T781-10A-01D-2114-08
13 ABCCS 6833 broad it Schell 1742824 1740804 + Missense NP C C T TCGA-EJ TCGA-EJ-T781-11A-01D-2114-08
14 ABCEI 6039 broad it Vet L46EA08 146E-08 + Missense NP A A C TCGA-H(TCGA-HC-T745-10A-01D-2113-08
15 ABCEL 6039 broad it Fchd  L46E+08 146E-08+ Missense NP A A C TCGA-H(TCGA-HC-7745-11A-01D-2114-08
16 ACOD2331 0 broad mit STchrlf 26599065 26399068 + RNA DEL ACAG ACAG - rsT1134607 TCGA-H(TCGA-HC-752-10A-01D-2115-08
17 AC00603C 0 broad it ckedl 28901676 28901676+ WA DEL C C TCGA-ET TCGA-EF7317-104-01D-2114-08
18 AC00603C 0 broad it Fckel] 28901676 28901676 RBNA DEL C C TCGA-EI TCGA-EFTT-1A-0ID-2114-08
15 ACO08103 0 broad it k) 18844766 18844766+ RNA SNP G G A TCGA-EJ TCGA-EJ-T328-10A-01D-2114-08
20 ACO10547 0 broad it Tchelf 71516014 71516014 + Missense NP C C T TCGA-EJ TCGA-EJ-T781-10A-01D-2114-08
21 AC0I0347 0 broad it Vel 71516014 71516014 Missense NP C C T TCGA-ET TCGA-EFT782-11A-01D-2114-08
22 ACO1S§18 0 broad it Fckel] 20424245 2044045+ RNA SN C C T TCGA-H(TCGA-HC-819-114-01D-2114-08

2 ACOI8TC 0 broad mit Sch)  LOSEH08 LOSE-(8+ RNA  DEL  TGGTGA TGGTGA - 151509372 byl000ger TCGA-EJ TCGA-EF-T794-11A-01D-2114-08

24 ACOI911E 0 broad mt 37l 2010378 2910379 + RNA NS - - C 157205115 by1000ger TCGA-ET TCGA-EFT317-11A-01D-21 14-08
25 ACOI911E 0 broad mt 31drl 2010768 2910769 + RNA IN§ - - T 151425839 byl 000ger TCGA-H(TCGA-HC-7737-11A-02D-2114-08
Hah ] prad /F) I | m

Ready
Figure 6: vcf file
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5.2 Converting vcf files into .avinput files
Annovar needs .avinput files for processing so we have to convert vcf into .avinput format.

TEd
= Home | Inset  Pagelsyot  Fomulss  Dats  Rediew  View  NitroProd 9-3X
at == ) | Do G PR T AutoSum v
B e h 0 By Fwwe e - f B Sm o] Ty
133 Copy - 2 ‘ﬂ _‘d ~ @FMI'
Paste : BIU-|5~8&-A- E==EE alMergetilenters | § Y% o520 Condtionsl Format Cell | Insert Delete Format Sort & Find &
« < Fomat Panter | P [ l’;j ! | (i 44 Formatting * as Table * Styles* |+ v < Cear™  Fiter~ Select~
Cliphaard i Font ] Alignment ] Number i Styles Cells Editing
‘ AL . k ‘ Hugo Symhal E
A B C D E 3 G H | ] K L M N 0 p Q R S T U

-

1 [Hugo & iEntez Ge Center Nebi Bul Chromos: Start PosiEnd Posit Strand  Vartant C Variant TReference Tumor_ SeTumor SeDbsnp RsDbsnp Ve Tumor SaMatched Match NeMatch NeTumor V: Tumor
2 AARS? 57503 broad mii FMchrb 44268380 44268380 et SNPC C T 151426945 byl 000ger TCGA-EJ TCGA-EJ-7782-104-01D-2114-08
3 ABCAl 19 broad mit 37 chrd 1.0SE+08 1.08E+08 + Frame ShDEL  AGAGGAAGAGGA- TCGA-EJ TCGA-EJ-T782-10A-01D-2114-08
4 ABCAI 19 broad mit. Mckrd  LOSEH0R LOSE-DS + Frame ShDEL ~ AGAGGAAGAGGA- TCGA-ET TCGA-ET-7782-11A-01D-2114-08
5 ABCAI3 154664 broad mii FcheT 48352729 483527109 + Slent  SNPC C T TCGA-H(TCGA-HC-1742-11A-01D-2114-08
6 ABCAI3 154664 broad mut. M7 48332729 48352709 + Sent  SNP C C T TCGA-H(TCGA-HC-T42-10A-01D-2115-08
7 ABCCIl 85320 broad mit. Fchrls 48212570 48212570 + Missense SN G G A TCGA-E] TCGA-ET-7782-104-01D-2114-08
8 ABCCS 10057 broad mit 37 chrd 1.84E+08 1.84E-08 + Missense SNP C C T TCGA-EJ TCGA-EJ-T331-11A-01D-2114-08
9 ABCCS 10037 broad.mii. Mckrd LR LYED8 + Missense SNP € C T TCGA-ET TCGA-ET-7331-10A-01D-2114-08
10 ABCCS 10037 broad mit Mkl LMEHR 184E-08 + Missense SNP C C T TCGA-E] TCGA-ET-7782-104-01D-2114-08
11 ABCCS 10057 broad . Mehd  LYEHS 1B4EH8 + Missense SNP C C T TCGA-EJ TCGA-ET-7782-11A-01D-2114-08
12 ABCCE 6833 broad mit Fchrll 17428224 1742824 + Missense SNP € C T TCGA-E] TCGA-ET-7782-104-01D-2114-08
13 ABCCS 6833 broad mit Fchrll 17428224 1742824 + Missense SNP C C T TCGA-EJ TCGA-EJ-T782-11A-01D-2114-08
14 ABCEI 6039 broad mit Mchrd 1 46E+08 146E+08 + Misense NP A A C TCGA-H(TCGA-HC-T745-10A-01D-2115-08
15 ABCEI 6059 broad mit Mchrd 146408 146E+08 + Missense SNP A A C TCGA-H(TCGA-HC-7745-11A-01D-2114-08
16 AC002331 1 broad mit. chrl6 26599065 26559068 + RNA  DEL  ACAG ACAG - 1571134607 TCGA-H(TCGA-HC-T752-10A-01D-2115-08
17 ACO0603C 0 broad it 3ckl? 28901676 28901676 + RNA DEL C C TCGA-E] TCGA-ET-7317-104-01D-2114-08
18 ACO0603( 0 broad mit Fchrl7 28901676 28901676 + RNA DEL C C - TCGA-EJ TCGA-EI-T317-11A-01D-2114-08
19 AC008103 0 broad mit. M) 18844768 18844766 + N4 NP G G A TCGA-ET TCGA-ET-7328-10A-01D-2114-08
20 ACO10347 0 broad mit 1 3chrls 71516014 71516014 + Missense SNP C C T TCGA-E] TCGA-ET-7782-104-01D-2114-08
21 ACO10347 1 broad mit. Fchrl6 71516014 71516014 + Missense SNP - C C T TCGA-EJ TCGA-ET-7782-11A-01D-2114-08
2 ACO13818 0 broad it Mckl? 20424245 244045 + N4 S\P C C T TCGA-H(TCGA-HC-7819-11A-01D-2114-08
23 ACOIET3( 0 broad mit 1 37 chr? L0SE-08 1.05E-08 = RNA  DEL  TGGTGA TGGTGA - 131509372 by1000ger TCGA-EJ TCGA-EJ-7794-114-01D-2114-08
24 ACO1911¢ 0 broad mit. 37 ¢ 2910378 2910379 + N4 NS - - C 157205115 byl 000ger TCGA-EF TCGA-EI-7317-11A-01D-2114-08
35 ACO1911¢ 0 broad mit 1 37 chr? 2910768 2910769 + RNA NS - - T 151425839 byl 000ger TCGA-H(TCGA-HC-1737-11A-02D-2114-08
WA b H] prad /5 I M

Ready
Figure 7: .avinput file
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5.3 DisGeNET database for Prostate Cancer

G B9 /TR YR ABL A6 RLLE4080

% Ubertinsins v 10 v/ A 4 A RN E%@

A v fd 3 = geneld .
| C Do
oeneld [~ oenesymhal (] enename [~]dseaseld  [v]ise:
7157 P53 umor protein pa3 umis:C0800139 pmsj'
34541 354KLK3 kalllkrein-related peptidase 3 umis:COR139 prost”
34542 J¥7AR androgen receptor umis:C0B00L39  prost
34567 2TBERG V-E1s avian erythroblastosis virus E26 oncogene homolog umis:C0B00L39  prost
un2 3757 KCHH2 potassium channel, voltage gated eaq related subfamily H, member 2 umls:C0600139  prost
34748 20068 PSAT1 phosphoserine aminotransferase 1 umls:C0600139  prost
34765 B3 PLAGL pleiomorphic adenama gene 1 umls:C0600139  prost
34766 B627PROSL protein S (alpha) umls:C0600139  prost
34767 9520 NPEPPS aminapeptidase puramycin sensitive umls:C0600139  prost
34944 BTZBPTEN phosphatase and tensin homalog umls:C0600139  prost
35200 T3 THPRSS2 ransmembrane protease, serine 2 umls:COGO0L30  prost
353 596BCL2 B-cell CLL/ymphama 2 umls:C0600139  prost
35391 2346 FOLHL Talate hydrolase (prostate-specific membrane antigen) 1 umls:C0600139  prost
35716 3569 L6 intereukin & umis: 0800139 prost
35819 T422VEGFA vascular endotfelial growth factor A umis:C0B00139 prost
35891 250 GSTPL glutathione S-fransferase pi 1 umis:C0B00L39  prost
36006 1956 EGFR epidemmal growth factor receptor umis:C0B00L39  prost
36370 2099ESRL estrogen receplor 1 umis:C0G00133 prost
36431 2064 ERBE2 ert-02 receptor tyrasing kinase 2 Umis:C0G00130 prost
36829 675BRCAZ hreast cancer 2, early onset umis:COG00139  prost
36830 50852 PCA3 prostate cancer associated 3 non-protein coding) umls:C0600139  prost
36948 672BRCAL breast cancer 1, early nset umls:COG00130 prost
37066 BT43PTGS? prostaglandin-endoperaide synthase 2 (prostaglandin G/H synthase and cycloarygenase) umls:C0600139  prost
N4 U791GFL instin4ke growth factor 1 (somatomedin C) umls:C0600139  prost
46 3630 INS instlin umls:C0600139  prost
V4T | T23061INGIGR2 INS-IGF2 readthrough umls:COBO0L30  prost
ny HOTHIFLA hypaxia inducible factor 1, alpha subunit (basic hefl-loop-heli transcription factar) umls:C0600139  prost
37802 1586 CYP17AL cytochrame P430, family 17, subfamiy A, palypeptide L umls:C0600139  prost
37969 TIATNF umar necrasis factor umls:COGO0L39  prost
9 21306 HPGDS hematopoietic prostaglandin D synthase umis:COB00139 prost.
!':f\:\f.i\ shH“ LTALCORCAT H I taenid O alnh, uints . Inb, I birda 1071 :ml:.l.h. rtnraid dalbs 4 dnkydenannnns alnka Lol PAEANA O ...,.;.T
X i ? FodAl ) Match Case Gk

Sheet 1/1 Default m | Sum=l - 0%
Figure 8: DisGeNET database
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5.4 Filtering genes after mapping with DisGeNET database

ABE 4 innd4089

REC  REC

'

Ubertionsans v 10 v A 4 A L Bl % i ﬁ
Y=L = ‘ =
B8 v [ T = L00KUPRAZ SA8SEITTO)
0 O T 0 O N0 0 O 0 AT O AT WY M A T T o
fribl e il fict] & T8 i T8l hii) i) hiii] hi: |
NN IAGETR ENILARCCY BNIALINCOLZN AABCALY HIAABCEL ARSI AADCYS LARED ENIACTLER LA BER HNIRACADS
ENADHIL ¥ AP ENIRADAN 13 el TR LOCI0TA AACTCL SAADAMTSL UAANKRDS) LARCAL T ML ENINEENL HNMPDL Y
ENIATRRY ENIRACRC ENIADAN 18 ENIALNERL ALOCZTA UAANKDOLA HAARARL i N2 RABCCLL ENIRANKRDL ¥ LINCOD32 ENIAPDREC TR
BCLILA BIRAGRL ENIRASHLL T [ ML SUAANERDZ SAARHGAP SUABRCCI ULABCCY BNIRATM T LINCODE2 ENILARIDIE
NAEIQLZ NIRRT HNIABICDZ BNIACASPY SUAALDHILL SHUAASHT SAARHGAPY SUACAMSARY SLABCCE ENIRATPI0R IACCDCH ENIRATPEVIC2
BNIACAND2 ENIASEH] T BTF IACCDC 1B SIAARCE SUAC Ll SUAATPERY SACHGE SUAZNFLY ENILATPERS BIACLTC MPRIB
HNIACHDA BNIRATGAL BNACCOCEC HIACCTER SAATPERD SACLECIE SABAGY AMRPLY UACDALAS] ENIABAGALNT] HNIACORDIE ENILENC]
EIACLPL ENIRATPRD NACOLIEA Y Cola SHUABNIPL SACLGN AERICHI ADAPKL SHURACAAL ENIRBUDI T CRYEED HNIABSN
BIADCAFALL HNMERCA2 ¥ DFFA HNIACHDT SABRAF ¥ COLAL SUACTa] SUADIPX SRACRC BNIAC k2 ENIACYPIEAL Cloll®
ADGALA ENACIl ENADYNCIL ENIARRNIF2 SHACIART HACPNL SACCOCT SHATARSL SHRACVRIA ENRCDELR HNIAEF4G] BNMCCKER Y
ENIAENTPDO ENMCACHAZDA ENREMILNG HNADIRTL IACY HACSRNF3 ACCSERL SHAERLNZ SHRADAMTSIE ENACHRNM ENIAEPAN ENMCDENIE ¥
ENIAFENL ENIRCASI] ENIAEPDT ENIAEDCA SACLT SACYPAWL SHACHTNARY SHAERLNZ SHRADANTSY ENIACRYZ T EFRAILL ENIACHD2
ENAFEMLA BNACCDCL ENIAFLTY T EEAl SACOASY SUADENNDE SUACOLIAAL Y ERLINZ SURADCYT ENACEMDL ENJRFRMAAL ENACOLLIAL
EIAFRGIE ENIRFAT2 ENRGPEDY BNIREFCL SHUAKCNNL SUADHAHE Y CXADRFI SHAERLINZ SHRADRALR BNMCHCR2 Y GEWINT ENADCDCY
ENILFRMPD3 ENILFOXNI ENMHDACS Y Fil 1814 ADLGARY SADOPEYZ ADL AERDCL SURADRALD ¥ DAZARL ENIAGNE? ENIADLYY
ENIAGASAZ HNIAGLDC ENIRILIRARLL HNILFIFILL ATAREL ADFYIS AEFAG Y FAM1ILA LARAR] T DENND4R ENIRADGRGY ENIRTARSL
GLIEL NILGOLGMLTR ENIAKCHED ENILFANZ AELNL HAEHHADH UAEMGL AFAMER RAGAPY ENIADISRL ENIAKCHEL ENIRADGRED
NAHL&DQEZ ILGPRIT BIAKCHI BIAFRSY ¥ ENTPDA SUAEIFM SARAMIC SAFENDR SHURAHNAK ENIADNAH] HNIAKDR FEMIA
BILKIF2 BIAGRIDL ENIAKDMEA BIAGABRE] SAERC2 SUAELML2 BUAFGFR2 Y FEEPIL SULSHNAR2 ENMDNAHE Y LAz BNILFZRL T
BNIAKCHNZ BNIRHECTDY BNILKATAPLY BIAGALNTLY SUAGARL AERDCE SAGADZ UAFLE? SHUAHEAL T DNAHY ENIALAMEL HNIAGLRA
ENIRERTAPIDT ENIHEDC] ENIALRRY BIAGRCI SAIGDCCY HIAFADE] SUAGRIAL SIAFTL ¥ AAPL T DNAJRLL ENIALMTEI ENIAGOLGAIP ENIAHRIT
BIALCEAS HIHNRNPE ENIANFIRAS? BNIAGRCY SARARL ¥ FGFY ALK AFRGLE SRR Y DNASER ENIAMIR 3L ENIAGRIAY ENIALCMT)
ENIALRRC1GA ENIAIFITY BNIAORG2 HIAGTFEL SATREE IAFLG SUAKIALLY SUAGAERD LAKAPY HNIADUSL ENIRMUCTT ENIAHMCHL HNIAMAPY
BNMMEDL Y [THEM12L ENAPIRVG ENIRHINF) SHIAKLED i FQur2 i LAMBL SAGABRE Y 0] ENIAEEF 182 ENIBMYECV2 ENIAHFD T MUC
ENIANEPFL ENIRIPHL ENIAPCFLL ENIHLAA ¥ LAMC2 AFRGLE SNIALRRIGH SAGLEIL SHLAENA ENIREFCART ENINCDN ENRIGDCCY NN
ENIANEPFID ENIRIPHA ENIAPIKIRZ ENIAIGEFY SHALRRCAL AFRGLE SHAMCR2 SHIAHBEL SRACA Y ENOPHL ENIANECAR? ENIAIRS T NETD
ENANEFFZIP ENIALILRBY ENARNFZ ENIRKATAPAT SAMCHR2 SAFSCNI SAMRAS SUALOCTR SHURALKEHL ENIRFRMATA ENAPDEIC ENIAMGE2 FYC
b ENMNCOR2 Y ADGALY ENIRARLLTA ENIRLINCODR.1 SHAMECOM SHAGPRE SHAMRPLAT SHAHPCA id ALKBH2 ENAFRMTAA ENIAPOL ENRNYSL g
ENIROBSCN ENIALPPRY ENAORTHZ ENIRLINCOD. 1 SAMDGAT3 SHIAHEATRL AT SUAADAME ] ENRFEROL ENADURAPI0 BNRECHHT Y 2L
ENILPADIR ENILLRRD T NCORIF] FNIALINCOOTY AMRPLY AHERCIRY SUANDUFBID ANTSAR2 P2 N ILFVERI] MRS ENIRKIFLT ENILPOM
ENILPCOHELD ENRMCR ENMECHBA Y MAPHLY UAMYRN SHIAHISTIHAE ANISCH SHIAGAR] SHURANIMYL BNILFLNC ENILERTENT ENILKRTARLY ENIPOM
ENIPERLD ENIRMUCIY ENILEPEN ENIMARE HIANERF1D AHTRID ACRACTY AN ANOL ENILFSTLL T i) HNIALMERDL ENILPRRLE
BNIARAPGEF BMNCON Y TACC2 T LG ¥ ORF2 SUALNCOTN SARPDT AKETEDL SUANOI0 BNIAGETTL T THENM1ZE BNIAMCMI ENILFYRO
ENILRPLE BNIANEUL T TCFL BNIAMELL SARLE SUALMLA ARG SUAKCNA SHULAPIEL BILIGEF1D IAZICY ENIAMDGA? BRSO
BNIASIGLECE HILORSF] BIATRIPID ENAMUCIE SUARAGL SYALRRCH SUAPCDHLLY AT Y APEAL BIAMGALL IAZNFI MDA ¥ SRR
ENILSIRPE] ILPRYE HATRAME Y NEPFZSP SHABMHCCL SUAMADD SUAPENCXL SHUAKLHL? SHRAPLF HILEPRP HIAZYDE ENIRETEN T S5H1.
ENIASHOR ENIAPAHAL ENIRUBED BNIANCKIPSD IARYR2 SUAMAPTS APNPLAR SUAMGATSE SHULAPLPL BNIALATS2 T Y1 BNIAESRD
ENIATAFY ENAPISD] ENIRINFTAL ENRNUR2LA SHIASEFL AMESPL HAPPIG i MNL SHRAPDD ENIASOHAR2 Y NDCL ENIASYCP,
ENIATERIE ENIAPDEADIP ENIRINFIN ENBNUTHEF IASECIR SAMRIE] SNAPRGY HANHS HRARHGEF 19 ENALAAAL T NPIRSY ENIATASER
ENIATHRAIPY ENIAPTI3 Y ORL0L SASMGT SHAMLLTI HIARAFL i HOTCHL ¥ ARID2 ENIALRPID Y OROCE ENIATGFR
ENIATRTER] ENIAPKPY Y ORTED SHATBCIOY SUAMMPE Y REPSL id CRIASL SHURARIDIE ENRMAPFS Y ORBH2 ENIATPTES
ENIATRYZ ENIAPLG T PCOHAY SUATMEM 12 SUAMTMRA SUARPLY SHACRIAUL SHRARIDSE ENRMARCES Y PRI ENIRTRY
ENIATRPCA ENAPLXNDL Y PCOHGM SUATMEM 1328 SAMUCT AS1003 SHAPCDHAY SHRRRSF ENRMECOM Y PACI3 WAFN%
ENIRULKART ENILREL T PREEL ATNRC1E SAMYOTE UASALLL ARCDHAT SRATRLIZ NAMEDH b1 PURDAA ENIRYPE:
ENIRINFOTY BNIALINCOLIAL b1 RAPGEF] ATFR i NEFF2TP ASCTR i PLOHGL LATRIRD ENIRMERY b1 FOFR NIAZNFT
b1 EYDEL b1 WENTIF] SUATRPMI UANNT ASPONL ARCENZ ATRIRD ENIMMETTLIY b1 LA T INFA]
A TEADZ A SCHL2 SUATECZD] Y QR SASPPLE SUAPDEIDA SRR ENIAMIAT A P2 A
A TAME ¥ TAGLN2 SUATERNA AR IIHA SUASRGAPL SUAPDZDZ Y ATPH BNIRMLF2 A PRTCT A
A TRICEP A THCC2 SIAUPPL SUAPHTFL SUATMEMBA SUAPKDL ¥ AL T MMACHC A PRMTS A
LY TRMTL LY PROM? IAUSR? UAPKHOL SUATPTE UAPKHOL SHUABIGALTY ENRMAPLIS LY ERGAP2.ASL LY
TERIL Y ZNFI SUAWDORS SUAPMERRL Y TRAML ¥ LA ¥ BAZLA ENIANCOM LY LOC10243% LY
LY MR LY 2HFm SHIRNTLL SHIAPRAMEFLL SHIRUGTEI SHIAPRAMEFL SHIABCLY ENIRNER LY SEMATD -
f i
WA { i ] i
X |Find v i mahcse Gy
Sheet 11 Default L] Error: Value not avalzble ==l

Figure 9: Matching vcf variants with DisGeNET
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5.5 Mapping with PhastConelements46way database
Filtering genes after matching with phastconselements46way we get the variations in conserved
regions

d

- Home | Inset  Pagelayoust  Fomulss  Data  Review  View  NitroPro9 9-0X
4 Gt ) T == = o [ I AutoSum -

TimesNewRom =112 " | 4 | = —|‘§/'| =t Wrap Text General 3 ‘,:f D‘ﬂ D
<3Copy § Wil
te BT vH&v A = S5 alMergefiCentere | § v % o (%30 Condtional Fomat Cel | nsert Delete Fomat Sot& Find &

jFormatPamter — = = : Q Lt Fomatting™ asTable ™ Stles~ =+ ¢ Cear™  Fiftere Select
Clipboard fi Font i Alignment fi Number i Styles Cell Edting

‘ AL v f ‘ Hugo Symbol E
A B C D E F G H | ] K L M N 0 P 0 R § T U i

1 Hugo & iEatrez G Centr Nbi Bul Chromoso:Start PosiEnd PositStrand ~ Variant C Variant T Reference Tumor 8¢ Tumor SeDbsnp ReDbsnp Ve Tumer SeMatched Match NeMatch NeTumor V: Tumer
2 AARSY 57503 broad et Pk 44268380 44268380 + et 8NP C C T 151426943 by1 000ger TCGA-E TCGA-E-T782-10A-01D-2114-08

3 ABCAL Obroadmt 37k LOSES0B LOSEXR + Frame ShDEL  AGAGGAAGAGGA- TCGA-ET TCGA-ET-T782-10A-01D-2114-08
4 ABCAl Bbroadmts  Jced  LOSES0B LOBEX0E + Frame ShDEL  AGAGGAAGAGGA- TCGA-EJ TCGA-ET-1782-11A-01D-2114-08
5 ABCAIS 194664 broadmiti  37ch?  4R3STD9 4833279+ e SN2 C C T TCOA-H(TCGA-HC-THI-AQID-2114-8
6 ABCAID 14664 broadmtte  37ch7 48332709 4830709+ et NP C C T TCGA-H(TCGA-HC-7M42-104-01D-2115-08
7 ABCCIL B30 broadmite  37chel6 48212570 48212570+ Misense SNP - G t A TCGA-ET TCGA-EJ-T782-10A-01D-2114-08
§OABCCS 1007 broadmgte  7ched  LB4ES0B LBEXR+ Misense SNP - C T TCGA-ET TCGA-ET-T331-1IA-0ID-211408
9 ABCCS 1007 broadmttr  7chd  LB4ES0B L B4EXE+ Misense SNP € C T TCGA-ETTCGA-ET-1331-10A-01D-2114-08
10 ABCCS 1007 broadmgte  37chd  LR4ES0B LB4EX0R + Misense SNP - C C T TCGA-ET TCGA-EJ-T782-10A-01D-2114-08
10 ABCCS 1007 broadmgte  7ched LB4ES0B LM4EXR + Missense SNP C T TCGA-EJ TCGA-ET-1782-11A-01D-2114-08
12 ABCCE 8% broadmite  7chell 1742824 1T4RDM + Misense SNP C T TCGA-ET TCGA-ET-TT82-10A-01D-2114-08
13 ABCCE  833broadmite  7chell 1742624 142824+ Misense SNP - € C T TCGA-ET TCGA-ET-T782-11A-01D-2114-08
14 ABCEL 09 broadmty  J7chd 146E408 LAGEX0R + Misense SNP - A A C TCGA-H(TCGA-HC-7143-104-01D-2115-08
15 ABCEl  0%0broadmits  ched 4RS00 14GER+ Misense SNP A A C TCOA-H(TCGA-HC-TH3-1AQID-2114-8
16 ACOI3I Obroadmits  37chel6 26599065 26599068 + RNA DEL  ACAG ACAG - 1571134607 TCGA-H(TCGA-HC-7752-104-01D-2115-08

17 AC00G05C Obroadmits  37chel? 28901676 28501676 + RNA DEL C C TCGA-ET TCGA-EL-T317-10A-01D-2114-08
18 ACO0G03C Obroadmts  37chel? 28501676 28501676 + RNA DEL C C TCGA-ET TCGA-ET-T31T-1IA-0ID-2114408
19 ACO08103 Obroadste  37che?) 18344766 18844766 + RNA SNP G G A TCGA-ETTCGA-EJ-1326-10A-01D-2114-08
20 AC010347 Obroadmite  37chel6  TISIG0I4 TISI6014 + Misense SNP - C C T TCGA-ET TCGA-EJ-T782-10A-01D-2114-08
21 ACDI04] Obroadmts  37chel6  TISI6014 71516014 + Missense SNP C T TCGA-EJ TCGA-ET-1782-11A-01D-2114-08
22 ACDIS81E Obroadste  37chel? 20424245 2044045 + RNA 8NP C C T TCGA-H(TCGA-HC-7819-114-01D-2114-08

23 ACOITC Obroadmts  37ch?  LOES0B LOSEXE + RNA DEL  TGGTGA TGGTGA- 15130997 byl000ger TCGA-ET TCGA-ET-T794-11A-01D-2114:08

24 ACOI9118 Obroadmits  37ch2 2910378 2910379 + RNA NS - - C 157203115 by1000ger TCGA-ET TCGA-ER-T31T-11A-01D-2114-08
25 ACOI911 Obroadmits  37ch2 2910768 2910769 + RNA DN - - T 151423839 by1000ger TCGA-H(TCGA-HC-T737-1HA-02D-2114-8
o, i 5 I E—
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Figure 10: Conserved region variations
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5.6 list of genes after mapping with Phastconselements Database
Variations in the genes are filtered on the basis of the threshold score above 400. Variations
above this score are likely to fall in conserved region.

ANKHD1, APC, ASAH1, ASCC2, ASXL1, ATM, BRAF, BUD13, CLTC, CXCR2, CYP19A1,
DNAHS, EIF4G2, FGFR2, FLT4, FOXA1l, FOXP2, FRS3, FSTL1, FZR1, GPX1, GSTT1,
HDACY9, HPCA, KDR, KRIT1, LPAR1, MED15, MMP14, MOAP1, NCOA3, NCOR2,
NOTCH1, PLK3, PLK4, PMEPAL, PPIG, RAF1, RB1, RCHY1, REPS1, SCN9A, SEMASA,
SIRT1, SLC39A6, STK26, TCN1, TGFBI, THBS1, TP53, TRAM1, TSHZ3, TTN.

5.7 Region based annotation with genomicSuperDups

genomicSuperDups  Score=0.944882;Name=chr13:19239253 chrl9 4791992 4791992 A - het
genomicSuperDups  Score=0.967305;Name=chr9:68714810 chr20 3E+07 3E+07 T C het
genomicSuperDups  Score=0.950851;Name=chr21:46011302 chr2l 4.6E+07 4.6E+07 CTGCTG! - het
genomicSuperDups  Score=0.964372;Name=chr1:144614531 chrl 1.7E+07 1.7E+07 C T het
genomicSuperDups  Score=0.98083;Name=chr1:148271039 chrl 15E+08 1.5E+08 T A het
genomicSuperDups  Score=0.98083;Name=chr1:148271039 chrl 1.5E+08 1.5E+08 A G het
genomicSuperDups  Score=0.948211;Name=chr5:140553661 chr5 1.4E+08 1.4E+08 AGGCCG- het
genomicSuperDups  Score=0.969561;Name=chr13:25153561 chrl3 2.6E+07 2.6E+07 - AAAAAC het
genomicSuperDups  Score=0.902673;Name=chr7:142121806 chr7 1.4E+08 1.4E+08 AGG - het
genomicSuperDups  Score=0.995648;Name=chr15:32445406 chrls 3E+07  3E+07 - T het

Figure 11: GenomicSuperDups filtration
After filtering with genomicSuperDups segmented duplicated genetic variants can be removed.
These types of variants can be show two non polymorphic types in genome.
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5.8 Filter based annotation with polyphen2 database to know about the damaging effect of

disease

This annotation shows the damaging effect of the variants on the basis of the scores.
Probably damaging = .909 — 1

Possibly damaging = .447 - .908

Benign =0-.446
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4 jp23_pp2 0175 chrl 79470893 79470893 T A het

5 1jb23_pp2 1 chrl0 LO3E+08 LOSE+08 T A het
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19 ljb23 pp2  0.033 chr 23538149 25338149 G A het
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Figure 12: Polyphen2 scores
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5.9 Mapping input file with cosmic database
Validation of the filtered genes can be done by this database. Cosmic database contains all the
somatic mutations that present in literature of the all type of the cancers.
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Figure 13: Cosmic validation
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5.10 Gene annotation to know about the nature of the variant and its effect on amino acid
change
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5.11 Predict the variations lie in the Transcription factor binding sites
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Figure 15: Transcription factor binding site
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5.12 Getting cytobands

Chromosomes bands that are Geimsa- stained can be achieved by mapping with the cytobands
database
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Figure 16: CytoBand
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5.13 Phenolyzer result: Phenolyzer analysis results show the network and the pathways of the
genes in which they involve.
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DISCUSSION

With the advancement in NGS, there is sudden explosion of data in the public centers (Rakyan et
al., 2011). Genetic alterations accumulating in the exome region of the genome are the main
reason for the occurrence of various forms of cancers (Meyerson et al., 2010). Since variations in
the exome region directly affect the phenotype of the individuals (Pauline et al., 2008), many
human diseases involve genetic alterations in the exome region such as cancer, Mendelian
disorders and neurological diseases.

Exome sequence analysis of the genetic variations in PRAD patients were carried out in this
study. A number of genes were filtered after analysis that carries those variations that might be
the cause of the PRAD. From these filtered genes few genes like GSST1, TP53 and CYP19A1
are already known to play the role in PRAD pathway. Similarly, we could conclude that out of
the 52 filtered genes some could possibly act as biomarkers.

Segmented duplicated variations that show two non-polymorphic phenotypes were removed
from the filtered genes and this was done by matching with genomicSuperDups database. To
know about the damaging effect of the variation, polyphen2 was used (Adzhubei et al., 2010).
The variations with scores in the range 0.446-0 are benign, score ranges 0.447-0.908 are possibly
damaging and score 0.909-1.0 are probably damaging. 52 Filtered genes variations had amino
acid changes which were annotated using Refgene database. Type of mutations like frame shift,
synonymous and non synonymous were also found out using the same database. Database
tfbsConsSites showed that which variants lie in the conserved regions of the transcription factor
binding sites on the basis of scores. Cytogenetic bands of each gene were obtained by matching
with cytoband database and viewed using Integrative Genomics Viewer. Network pathways of
each filtered gene were also annotated. This analysis tells about the Phenolyzer effects of the
genes like genes involved in lipid metabolism etc. Validation of the filtered genes was done by
COSMIC database. This database includes somatic mutations reported in the literature. This
study can be used on cancer and other type of diseases to find out the probable biomarkers.

To validate the results, wet lab experiments are very important for supporting the analysis of
genetic variations in the exome regions. After validation of the results, variations can be used as
biomarkers for the prostate cancer which could help in prognosis and diagnosis of the cancer.
Different phenotypic effects are observed in the same gene that shows different mutations
(Boyadjiev et al., 2000). Environmental factors also affect some phenotypes due to the presence
of some variations (Hunter, 2005). So along with genetic factors we should also consider the
environmental factors for the causation of the cancer.
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CONCLUSION

Somatic mutations in Prostate Adenocarcinoma are revealed by processing of the next-
generation DNA sequencing data of the exome region. NGS helps in studying the alternative
splicing complexity (Martin et al., 2011), landscape of mutations in cancer. Exome sequencing
used for diagnosis and identification of novel genetic variants and novels genes associated with
Mendelian diseases.

In present study 93 genes filtered by mapping vcf files genetic variations with the DisGeNEt
database. Further filtration was done by matching with the phastconselelement46way and
genomicSuperDups database. After this step we got 52 most probable variations that might alter
the pathways that caused prostate cancer.

Annotation of these variations was done by ANNOVAR software package. Annotation includes
to find the nature of the variants; like: are variants falling in transcription binding factor sites,
class of mutation in which variants lie, to know about the damaging effects of the variants and to
get the cytobands of the variations. These annotations use the tnbps, refgene, polyphen2 and
cytoband databases respectively. Validation of the filtered genes can be done by matching the
variations with the Cosmic database, this database consists of the variations that present in the
literature. In this study annotations include gene based, region based and filter base analysis.

Advancement in integrative approaches like somatic mutations analysis with DNA methylations
and gene expression studies, we could expect a well developed personalized medicine in future
soon (Rabbani et al., 2014).
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FUTURE PROSPECTIVE

In this study a computational pipeline is developed for exome sequence analysis to prioritize and
annotate the genetic variations found in exome region. Hg19 Human Reference Genome was
used for the initial analysis work in this study. This study marks as a proof of concept for
integrating the studies of different platforms such as DNA methylation, somatic mutations, gene
expressions, and clinical data along with exome sequencing. TCGA has enabled the researchers
to carry out a multi-platform analysis as it provides multi-platform data for the samples of same
patient. TCGA is maintaining data very well and the architecture is well documented.

In the current study analysis and annotation of somatic mutations obtained by exome sequencing
was done by ANNOVAR software. This is another progress for the further development of the
pipelines for the analysis of the exome data. Integrative studies are also done on somatic
variations with the DNA methylated and gene expression studies. Advancement in NGS and
collaboration with statisticians, mathematicians, computer engineers and bioinformaticians could
help in better development of the new pipelines that can integrate somatic variations, clinical
data, DNA expression, DNA methylated and SNP data to find out the functional biomarkers.
These biomarkers can be used for the diagnosis, prognosis and treatment of the complex cancers.

Whole exome sequencing can be used for analysis of other diseases like monogenic disorders,
hearing loss, intellectual disabilities, movement disorders, cardiovascular diseases, obesity and
diabetes, cancers and hypertensions.

More accurate Bioinformatics tools will be required for studying genetic diseases so that we can
counsel the patient, find the more precise diagnosis and treatment for the disease in a
personalized manner. This study will also further contribute to the development of personalized
medicine. In future, as the consequence of advancement in integrative approaches like somatic
mutations analysis with DNA methylations and gene expression studies, we could expect a well
developed personalized medicine in future soon.

There are ethical issues also concerned in medical genetic studies. While studying the individual
genome, it can reveal the relative DNA information or even exposed the properties of the
population. Confidentiality, privacy and return of the results are some ethical issues that should
be solved by professionals.
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APPENDIX

o

o

14.
15.

16.

17.

18.

annotate_variation.pl -buildver hg19 -downdb -webfrom annovar refGene humandb/
annotate_variation.pl -buildver hg19 -downdb cytoBand humandb/

annotate_variation.pl -buildver hg19 -downdb genomicSuperDups humandb/
annotate_variation.pl -buildver hgl9 -downdb -webfrom annovar esp6500siv2_all
humandb/

annotate_variation.pl -buildver hgl9 -downdb -webfrom annovar 1000g2014oct
humandb/

annotate_variation.pl -buildver hg19 -downdb -webfrom annovar snp138 humandb/
annotate_variation.pl -buildver hg19 -downdb -webfrom annovar Ijb26_all humandb/
convert2annovar.pl -format vcf4 example/ex2.vcf > ex2.avinput

annotate_variation.pl -out ex1 -build hg19 example/ex1.avinput humandb/

. annotate_variation.pl -build hg19 -downdb phastConsElements46way humandb/
. annotate_variation.pl -regionanno -build hgl9 -out ex1 -dbtype

phastConsElements46way example/ex1.avinput humandb/

. annotate_variation.pl -build hg19 -downdb tfbsConsSites humandb/
. annotate_variation.pl -regionanno -build hgl9 -out exl -dbtype tfbsConsSites

example/ex1.avinput humandb/

annotate_variation.pl -build hg19 -downdb cytoBand humandb/

annotate_variation.pl  -regionanno -build hgl9 -out ex1l -dbtype cytoBand
example/ex1.avinput humandb/

annotate_variation]$ annotate_variation.pl -build hgl9 -downdb genomicSuperDups
humandb/

annotate_variation.pl -regionanno -build hgl9 -out exl -dbtype genomicSuperDups
example/ex1.avinput humandb/

annotate_variation.pl  -filter -dbtype 1jb23 pp2hvar -buildver hgl9 -out exl
example/ex1.avinput humandb/
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