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ABSTRACT
Bioinformatic Analysis of Whole Exome Data

Name of the Student: Md Momin Ali

Registration number: 16mslshgl3

Degree for which submitted: M.Sc. Life Sciences with specialization in Human Genetics
Name of Supervisor: Dr. Preeti Khetarpal
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Name of School: School of Health Sciences

Key words: Whole Exome Sequencing, Next Generation Sequencing, in silico, SIFT,
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Whole Exome Sequencing (WES) is a capture-based method developed to sequence
exome and to identify variants in the coding region of genes that affect protein
function. Understanding the exomes of individuals at single base resolution allows
the identification of pathogenic variants responsible for causing genetic disease. In
this paper we mentioned all the object of the project steps and bioinformatic
computational tools involved step by step. The objective of the study was to find all
the disease causing heterozygous variants in the proband from the WES data. Using
in silico tools SIFT, PolyPhen and ANNOVAR. All the annotated non-synonymous
SNPs was arranged and filtered according to the pathogenicity of variants. All the
variants were narrowed down to five matching variants. associated with clinical
phenotype of the proband. As a conclusion Bioinformatic analysis of WES data
proved to be a good tool for finding disease causing variants. Majority of the tools
used in the analysis are generally linux based with poor user interface which makes
it a challenging experience for a non-computational individual. Future of this field is
dependent on software developers, so that more people can understand and help in

the progress.
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1. Introduction

Each molecule of the Deoxyribonucleic acid (DNA), genetic material in human cell is
approximately 3-meter-long and consists of 3.0 x10° bp (base pairs). The DNA consists
of coding and non-coding region. Approximately 1.5 percentage of DNA constitutes
exonic region. Mutation which is responsible for causing genetic disorders. More than
4,000 Mendelian disorders known 2,937 genes has been discovered but the genes
causing 50% of all known Mendelian phenotypes are still unknown, and many more
Mendelian conditions have yet to be recognized (Chong et al, 2015). In some cases when
it becomes difficult to associate a gene with a phenotype; WES can be an important

diagnostic tool to identify those variants.

The processes of determining the exact sequence of nucleotides within a DNA molecule
is getting advance and cheaper. There are different choices for sequencing, namely
Whole Genome Sequencing (WGS) or Whole Exome Sequencing (WES). Because WES
is precise, less time consuming and more cost effective it is often preferred. Whole exome
sequencing plays a very important role in identifying new mendelian disorder genetic

basis of many disease, and unknown congenital abnormalities.

After announcement of Human Genome project in 2003 many researchers published
papers on Sequencing. In 2005 the first article was released on whole exome sequencing
which emerged as a successful diagnostic tool in the study of genetic disease and has
proven to be particularly effective in identifying disease-associated genes that are

refractory to linkage analysis.

According to Ku et al, 2012 commonly adopted approaches to identify causal mutation
from the WES data are removal of common variants using public databases such as the
1000 Genome Project and then identification of deleterious variants i.e nonsense and
missense mutation, splice site variants and coding indels followed by step to predict the
functional effects of variants using in silico tools such as SIFT, PolyPhen and ANNOVAR.

For unrelated cases common variants are found in a single gene shared by all the patients



and for trios, identifying de novo variants that might be causative for sporadic cases of
dominant disorders. If there is multiple affected siblings intersection of data is needed to
identify common shared variants. Compound heterozygous variant is usefull in predicting

recessive disorder and heterozygous variants are dominant disorders.

There are different techniques and tools are available important for exome sequencing
analysis. In recent years there is a huge advancement in the field of omics, Platform like
NGS are providing the fastest sequencing technique. And the cost of sequencing is
decreasing day by day. A Proband was identified with multiple congenital malformation

and unexplained genetic causes

Avalilability of open source software in the internet plays a very significant role in the
advancement of this field. And also, the software developers with better GUI are very less
in this field.

Objectives

Identification of pathogenic heterozygous variant of a Whole exome sequenced data.
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2. Review of literature

In the development of WES technique Next generation sequencing (NGS) plays an
important role. In 2005 the first commercial NGS instrument was released, 454 Life
Sciences released the 454 sequencer, followed by Solexa Genome Analyzer and SOLID
(Supported Oligo Ligation Detection) by Agencourt in 2006. NGS is a massively parallel
or deep sequencing are related terms that describe a DNA sequencing technology which
has revolutionized genomic research. Using NGS an entire human genome can be

sequenced within a single day.

After the introduction of NGS in 2005 many articles started to came up with different ideas.
Whole exome sequencing was started in 2009 for disease gene identification. The first
article was (Choi et al, 2009) reported the clinical utility of whole exome sequencing, they
used whole-exome capture on single arrays on the Roche/NimbleGen platform to the
lllumina sequencing platform. Five patients, 4 from Turkey and 1 from Saudi Arabia
suspected to have Bartter syndrome but who did not have mutations in known genes for
this disease were chosen for the disease gene discovery it was reported that gene
discovery and clinical diagnosis was homozygous deleterious mutations in SLC26A3.

2.1 Steps involved in the WES technique

Ku et al, 2012 illustrated all the basic steps involved in the exome sequence data analysis

as follows:
2.1.1 Sample preparation and Sequencing

There are many different ways to prepare sample depending on the sequencing
technique. Fisheret al (2011) described automated Illumina DNA library
construction, Agarose gel-based size selection, has now been replaced by fully
automated, bead-based steps. Evenness of sequence coverage among captured targets,
avoiding extremely overrepresented targets. High library quality, in order that libraries

contain massive numbers of ordination fragments. Reproducibility, so that performance



of the process is highly predictable. Low cost of the targeting process relative to
sequencing. Quality control checkpoints built into the process to identify poor pergilis prior

to sequencing; and limited human labor.

Ku et al, 2012 divided the sample preparation in 4 simple steps: -

1. Genomic DNA extracted from peripheral blood
2. Sequencing library preparation
3. Exome capture and enrichment
4. Sequencing to sufficient coverage
I. Genomic DNA b3 2. 'Fm.gmcmali('m =il 3. Repair fragment
(sonication/shearing) ends
5. Hybridization on i
3 Y
6. Washing of the array or in- .
unbound fragments €1 solution (whole- <] 4. Ligate adapters
: exome capture or
custom-made array)
v 9. Enriched library
7. Elution of captured | 8. PCR amplification | for h&h-lh@ughpul
fragments and enrichment QC ; i botamienes

Figure 2.1: Workflow of library preparation and exome or targeted genomic regions

capture (source- Ku et al, 2012).

The genomic DNA is used for sequencing library preparation involving several steps such
as DNA fragmentation and adapter ligation (steps 1 and 2). Exome capture and
enrichment is usually performed using commercial kits such as the Agilent, lllumina, and
Nimblegen human exome capture kits. Exome sequencing is then performed using high-
throughput next-generation sequencing (NGS) technologies such as Illumina Genome
Analyzer or HiSeq, Life Technologies SOLID, and Roche 454 Genome Sequencer. These
steps are performed according to the manufacturer's recommended protocols. An
average coverage of approximately 30-fold is deemed sufficient for the accurate calling

of variants (steps 3 and 4).



2.1.2 Primary DATA processing
According to Ku et al, 2012 primary data processing includes 3 steps: -

1. Data processing to raw sequence reads
2. Reads alignment to reference genome using alignment tools like ELAND and BWA

3. PCR duplicates removal
2.1.3 Secondary DATA processing

The analytical pipeline is then followed by variant calling and filtering to remove false
positives according to commonly applied quality control criteria. Finally, the variants are
annotated to obtain information such as genomic position and functional effect missense

and nonsense variants, before they are examined to identify the causal mutations.

Sequencing is done using High throughput illumine Hi-seq2500 via Medgenome, library
preparation is done using SureSelectXT Human All Exon V5 kit, fragments were them
end paired and ligated with capture adpaters. Then the library was amplified with adapter
specific primers, the product is then purified using Agencourt AMPure XP beads and then
fragment distribution is checked using DNA D1000 screen tapes. gDNA hybridization to
SureSelect all exon V5 cRNA Biotin for 16 — 24 hours at 65°C, after post incubation the
PCR product is purified using Agencourt AMPure XP beads, the final library was
assessed for fragment size, the quantified library is amplified on cBOT and sequencedon
the HiSeq 4000 with 100bp paired end.



2.2 Computational tools

Tools — Hintzsche et al (2016) reviewed several computational tools for the analysis

interpretation of WES data with an elaborate diagram given below: -

Whole exome data (Fastq)

Alignment tools: BWA BOWTIE,
Alignment ELAND, GEM,_ GNSAP, MAQ,
mrFAST, Novoalign, SOAP, SSHA,
STAMPY, YOBAS

and

Auxiliary tools: FastUNIQ, Picard,
SAMtools
v SNV & SV calling tools: FreeBayes,
SNV & SV GATK, IndelMINER, Pindel,
calling PlatyPUS, SAMtools Splitread, Sprites,
VCMM
Database filtration: 1000 Genome
project, dbSNP, LOVD, COSMIC
4
VCF

VCF annotation tools: ANNOVAR,
MuTect, SnpEff, SnpSift, VAT

annotation

A 4

Functional
prediction

Tools for functional variants
prediction: CADD, FATHMM, LRT,
MetaLR, MetaSVVM, PolyPhen-2,
SIFT, VEST

4
VCF
4 . . .
Somatic Somatic mutation detection tools:
e em SomaticSniper MuTect, VarSim,
SomVarlus
A
Driver Driver prediction tools: CHASM,
prediction MutSIgCV, Dendrix
A 4 Copy number alteration tools: CNV-
co AEBEE seq, Segseq, ADTEx, CONTRA,
a?t):sration EXCAVATOR, ExomeCNYV, Control-
FREEC, CNVseeqger, VarScan2,
ExomeAl
Pathway resources: KEGG, STRING,
BEReX
A 4
Pathway Pathway analysis tool: DAPPLE,
analysis SNPsea, DAVID
A 4
- Therapeutic resources: My Cancer
Threerda;;;teil.:)trl‘c Genome, Clinvar, PharmGKB,
P DrugBank, DSigDB

Biological insights & precision
medcine

Figure 2.2: All the tools involved step wise (Source -Hintzsche et al., 2016)



2.3 Challenges and Drawbacks of the technique

WGS availability is increased due to its vast usage, demand and improved cost efficiency.
WGS is predicted to be more economical than WES because the capture process is
skipped entirely. WES has the advantage of capturing all of the exome (as some can be
missed by the exome capture process) and can provide information on variants in highly
evolutionary conserved non-coding regions and other variants throughout the genome.
The bioinformatics filtering techniques, storage facilities, software and hardware for data
analysis will be a challenge and most ongoing projects initially focus on the exome for the
first analysis. There is variability in sequencing efficiency across the genome and the
fluctuations in coverage will result in many regions of interest being missed, repetitive
regions exonic and others are difficult to align in either case and can result in missed
variants or an excess of variant calls. Uniform library construction, higher sequencing
depth and longer reads and paired end fragment sizes are of low accuracy which in future
may increase the accuracy. In comparison to WGS, WES provides most of the benefits

of WGS but with lower costs, both for sequencing and for storage and analysis of the data

Ku et al, 2012 mentioned there will be a major challenge to analyze and manage the large
amounts of sequencing data generated. Exome sequencing typically generates >10,000
genetic variants that must be carefully filtered to identify the causal mutations. Therefore,
the analytical pipeline must be simple enough for the analysis to be handled by the
nonspecialist, requiring the development of robust user-friendly software, usable in the
clinical setting.

Second, the sensitivity and specificity of the detection of microlesions (i.e. point
mutations, small indels, and tandem repeats) and macrolesions (i.e. deletions and
duplications) need to be improved to standard clinical diagnostic tests. NGS technologies
have higher raw base-calling error rates than Sanger sequencing, although this should
be remediable by increasing coverage to achieve higher consensus accuracy. Depth of
sequencing coverage is additionally vital for characteristic heterozygous (whether

inflicting dominant Mendelian disorders or occurring de novo) or compound heterozygotes



Currently, the causative mutations detected by exome sequencing are typically valid by
Sanger sequencing. However, for a clinical diagnostic application, this may increase
prices. Although these 2 parameters should be optimized further, false positives are less
of a critical challenge for the technology, because variant calling criteria can be made
more stringent, the depth of coverage can be increased, and final findings can be
validated by alternative means. However, false positives could potentially mask the
identification of true disease-causing mutations if not allowed for properly. False
negatives must be managed more carefully, and it will be essential to provide clinicians
and medical geneticists with a clear idea of how effective the procedure has been for
each patient prior to communicating the diagnostic results.

Third, the success of exome sequencing depends upon the complete capture of the
exome followed by an adequate depth of sequencing. Thus, further improvements in the
efficiency of exome capture methods are needed to ensure that all the target exons are
captured. Incomplete capture and uneven coverage may be due to technical limitations
or the nature of the DNA sequences.

Fourth, the time-to-diagnosis, once exploitation exome sequencing as a diagnostic
application, time is additionally a very important issue to think about, particularly within
the case of disorders that a fast andand accurate genetic diagnosis would significantly
influence clinical management. Currently available sequencing instruments take several
days for the sequencing to be completed. However, the recently launched lonTorrent
sequencing platform achieved the fastest sequencing time (completion in <2 hours). This
sequencing speed, together with a streamlined and robust analytical pipeline, should

ensure that both clinicians and patients obtain the requisite results in a timely manner.

In case of whole genome analysis, it takes so much time and since the exome sequence

is only 1% it takes less time depending on the hardware being used.



2.4 Applications of WES

"Clinical application of whole-exome sequencing (WES) represents succeeding step
within the progression to complete elucidation of the genomic determinants of a patient’s
hereditary make-up.". Using ever-evolving technologies, WES can provide insights into
known and unknown variations in approximately 95% of the individual patient’s genome.
Until very recently, the time, cost, and technical expertise required to generate and
analyze WES data largely precluded serious consideration of its use outside of research

settings. This can no longer be assumed to be the case

While some applications, such as single cell microbiology and clinical metagenomics, are
currently confined to translational research. Whole exome sequencing is increasingly
being employed for outbreak investigation and bacterial genomic epidemiology, species
identification, and to a lesser extent, culture independent microbiology and susceptibility
testing. In particular, WGS has been instrumental in tracking outbreaks and unraveling
the epidemiology of carbapenem-resistant Klebsiella pneumoniae, methicillin-
resistant Staphylococcus aureus (MRSA) difficile enter hemorrhagic Escherichia coli.
These studies have been invaluable in expanding knowledge of bacterial epidemiology
and provide striking examples of the transformative potential of WGS.

2.4.1 Genetic Diagnosis by WES

Choi et al (2009) demonstrated the utility of whole-exome sequencing for identification of
rare variants and disease-causing mutations. They captured and sequenced samples
from 5 Caucasian subjects with suspected diagnosis of Bartter syndrome, a renal salt-

wasting disease and reported who had homozygous mutations in SLC26A3.

Niklas Krumm et al (2015) used exome sequencing data from eight HapMap individuals
and exomes from 122 mother-father-proband ASD trios (for 366 total individuals). They
outlined a method for making read-depth data from exomes amenable to rare CNV
discovery, as well as copy number genotyping of CNP loci. They used SVD
standardization to beat a number of coverage biases introduced by the capture and
sequencing of exomes. This method allows for differing sample preparations and capture

reactions to be integrated into the same experiment, provided each “batch” is sufficiently



large enough. This includes correct normalization of the X chromosome, such that
deletions and duplications can be assayed regardless of the sample’s sex this method

can integrate exomes captured with different exome capture target designs.

Stark, Z. et al. (2016) (2016) did smart analysis of whole exome sequencing as a primary
tier molecular take a look at in new born with suspected heritable disorders. DNA was
extracted from peripheral blood, and exome sequencing used Nextera v1.2 Rapid Exome
Capture Kit and TruSeq Rapid SBS chemistry on a HiSeq. The mean coverage obtained
was 145.38. Variants were characterized using the Melbourne Genomics Health Alliance
shared bioinformatics pipeline, Cpipell version 0.9.8 Cpipe, a clinically oriented pipeline
built on Bpipe, includes the Burrows-Wheeler Aligner and the Genome Analysis. Variants
were initially filtered against an internal database of variant counts to exclude technical

and locally recurrent variants.

Nonsynonymous variants, splice-site variants (up to 10 base pairs), and small insertions
and deletions present at a frequency of less than 1% in the Exome Sequencing Project
and 1000 Genomes Project repositories were assessed further. Only variants in HUGO
Gene Nomenclature Committee genes associated with Mendelian disease. The analysis
pipeline excluded variants in highly penetrant genes predictive of adult-onset diseases
such as familial cancer risk genes, cardiovascular disease risk genes, and late-onset
neurological disease genes (122 genes). Analysis of one or more of these genes was

available only when relevant to the participant’s phenotype

Maffucci P et al (2016) did genetic diagnosis using whole exome sequencing in common
variable immunodeficiency on 50 patients revealed 433 variations in 38 patients (76% of
the cohort), of which 64 (in 38 genes) were either private or rare. While CVID (Common
variable immune deficiency) has long been considered a clinically heterogeneous group
of PIDs, the gene defects that underlie the complex syndrome have been difficult to
identify, particularly in non-familial cases. In this study, Maffucci P et al collected complete
exome data for 50 selected CVID subjects, most of whom were sporadic, who had severe
phenotypes found in about half of all CVID cases. Goal was to identify variants leading to

the manifestations, filtering results demonstrated likely disease-causing mutations



in NFKB1, STAT3, CTLA4, PIK3CD, IKZF1, LRBA, and STXBP2 in 15 patients (30%)
and disease-associated mutations in TNFRSF13B in 8 patients (16%).

Yang et al. (2017) reported data on the first 250 probands for whom referring physicians
ordered whole-exome sequencing. Patients presented with a range of phenotypes
suggesting potential genetic causes. Approximately 80% were children with neurologic
phenotypes. 86 mutated alleles that were extremely seemingly to be anorectic in sixty two
of the 250 patients was known, achieving a twenty fifth molecular diagnostic rate (95%
confidence interval, 20 to 31). Among the 62 patients, 33 had autosomal dominant
disease, 16 had autosomal recessive disease, and 9 had X-linked disease. A total of
4 probands received a pair of non-overlapping molecular diagnoses, that most
likely challenged the clinical identification that had been created on the thought of history
and physical examination. A total of 83% of the total autosomal dominant mutant alleles
and 40% of the X-linked mutant alleles occurred de novo. Recurrent clinical phenotypes
occurred in patients with mutations that were extremely probably to be present within
the same genes andin numerous genes accountable for genetically heterogeneous

disorders

Swaminathan et al (2017) mentioned a typical clinical exome sequencing workflow from
patient first presenting symptoms at the clinic to care management based on the

sequencing report

2.4.2 Exome sequencing studies can be applied to WGS studies: Biesecker et al
(2011) Exomes offer us with low hanging fruit — to dissect the genetic design of an
attribute, culling out potential high penetrance variants from exome, assessing the
remaining heritability, and then tackling that remainder (assuming it is significant) with
WGS would be a practical and economical approach. But in this specific example of
finding breakpoints, deep WGS isn't necessary, one simply wants deep physical
coverage with massive spanning paired-end reads. If they can build robust annotation
pipelines for a WES sequence, they can extend and generalize the lessons learned from
that activity into interpretation of intronic and intergenic variation. The methods used to
identify these variants are fully transferable to working with whole genome sequencing
data. The exome sequencing approach has been a cost-effective option for sequencing



the human genome and has resulted in the identification of many disease-causing

variants

2.5 Advantages of whole exome over whole genome sequencing: To compare this
level of coverage to what can be obtained using exome sequencing, J Clark et al (2011)
normalized the exome sequencing data to 50M reads for each platform because this level
allows multiplexing at least 3 and up to 6 exomes per lane. To do such a comparison,
they performed WGS to high read depth on an Illlumina HiSeq 2000 on a blood sample
from the same individual analyzed for the exome sequencing comparison. WGS requires
a much greater amount of sequencing to achieve equivalent coverage as exome
sequencing, but its performance relative to exome sequencing has not been well

described.

According to Kiezun et al (2012) the effect size is not only a property of an individual
variant but rather a reflection of the distribution of effects coupled with how those effects
are interpreted via the test. Therefore, power is higher for genes with more variants, for
example, larger genes or genes in regions with elevated mutation rate. Additionally,
genes in which most variants are causal are easier to identify than those in which few
variants are causal. In individual candidate gene sequencing studies, estimates of this
proportion ranged from 30—-70%. The power of an exome sequencing study is limited by
the amount of variation in genes. Enthusiasm for exome sequencing studies stems, in
part, from successful candidate gene sequencing studies, and, so, they sought to test
whether exome sequencing would be expected to have sufficient power to detect genes
discovered by the candidate gene approach. Given the sample sizes, the likely effect
sizes and frequencies of causal variants and the proportion of causal variants in a gene,
do current exome sequencing studies have sufficient power to detect genes underlying
complex phenotypes. This is particularly notable, because some candidate gene studies
used much larger sample sizes (thousands of individuals) than ongoing exome

sequencing studies (hundreds of individuals).
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Figure 2.3: Exome sequencing workflow



2.6 Important Things to Be Considered

Kwong et al. (2015) mentioned all the important things to be considered before

sequencing

Cost- The cost of implementation of equipment set up, routine sequencing costs for
reagents and post processing bioinformatics costs is an obvious, but significant factor.
This price can be measured in cost per sequencing run, cost per organism genome

sequenced, or cost per megabase of output data.

Sequencing capacity- Some available technologies allow sequencing a handful of
bacterial genomes in a few hours, while others have capacity to sequence 50-100
bacterial genomes in a single run that may take between 1 and 3 days.

Adaptability- Adaptability of the sequencing platform to upgrades and changing

sequencing practices is another factor, with sequencing technology rapidly evolving.

Data quality- The quality of a sequence result can be reported using a score to indicate

the quality and accuracy of each nucleotide base call.

Usability- Although Linux-based tools will continue to predominate due to the ability and
ease in customizing analyses, tools that can be operated through a GUI may be preferred

by those unfamiliar with bioinformatics.

Automation- Another key advantage of Linux-based tools, although often requiring some
initial work to establish, is a ‘pipeline’ for specific types of analyses. These pipelines

enable ‘batching’ or sequential running of a number of processes on multiple genome.

Speed- In a clinical setting, the ability to obtain a result quickly is often a priority over
correcting minor inaccuracies in single nucleotide polymorphism (SNP) calls that do not
change the overall result. Bioinformatic tools that are able to analyze multiple samples
together and utilize the processing power and resources of modern computers to split

large complex processes into smaller processes running in parallel hyperthreading.

Accuracy and detail- the accuracy of the analysis is important for clinical microbiology,

particularly for organism identification, typing, and resistance detection.



Documentation and support- An advantage of commercial software is the availability of
user manuals and professional support for troubleshooting. In contrast, while there is
usually some documentation for use and limited support available from open-source

software developers, many issues require local computing expertise for implementation

and troubleshooting.



MATERIALS AND METHODS



3. Materials and Methods

3.1.Whole Exome Sequencing data

Files for all R1 and R2 parameter of the sample was available. The short sequence

had been aligned against Hg19 built from NCBI and the alignment report using

alignment score >=90 and gaps <=5

Clinical features of proband and the following features were observed:

i.
il.
iii.
iv.
V.
Vi.

Vii.

Poor cry at the time of birth with low set ears
Microcephaly and Clinodactyly

Dilated bowels loops

Abnormal facies and hypertoxia in blood
Arythrogryposis and Mild retardation
Craniosynostosis and clubbed foot

Urinary bladder and pelvis were partially clustered

The annotated data can be of different file extension on the basis of tool used. In case

of NGS strand the extension can be vCards (.vcf files) or Microsoft Excel Worksheet

(.xIsx) or Microsoft Excel Binary Worksheet (.xIsb). File extensions are always

convertible depending on the program/tool used for filtering. We used LibreOffice in
Ubuntu 16.04 LTS on iMac system. There was total 506616 SNPs found in the whole

exome data of proband as shown in figure 3.1

3.2.Filtering of the aligned data

Filtering was processed through different parameters, namely

iv.

Filter by Read metrices
Filter using illumine QC plots
Filter by duplicate reads
Filter by region list.

Read metrices filtering will remove the reads with average base quality below 20.

The permitted score for duplicate read filtering was permitted up to 2. This filter



helps in determining specific number of duplicates to be present. Only reads with

better quality score were passed.
3.3.Nucleotide polymorphism preprocessing
Preprocessing was done involving namely three basic steps:

I.  Split read realignment
ii.  Local realignment

iii. Base quality recalibration

3.4. Analysis of the filtered list

For the SNP detection the input values were selected with confidence cut off score

50 and targeted region padding 100.
3.5.Finding the damaging variants

In order to understand annotation database for non-synonymous SNPs, dbNSFP
annotation database was employed (Liu et al, 2016) table 1. For finding the pathogenic

variants the non-synonymous and missense SNPs were targeted. Steps —

i) Select the variant allele list and the parameters for filtering based on dbSNP V2 b3
annotation.

i) Selecting the dbSNP filters to be applied.

iii) Check for known variants.

iv) Check for structural variant detection.

v) Import utilities

vi) Filter by zygosity- All the heterozygous annotated SNP data was filtered first.

vii) Out of total SNP in proband data, 438 SNPs are found to be heterozygous
pathogenic variants.

viii)Filter by deleterious nature of predication — the sources of functional prediction and
the corresponding prediction categories were selected i.e. SIFT- damaging; LRT-

deleterious; mutation taster- disease_causing_automatic and disease_causing.



ix) Filter by conservation status of amino acid- The following predication categories

were selected for filtering the amino acid Polyphen2_HDIV- probably _damaging

and

possibly damaging;

Polyphen2_HVAR-  probably_damaging and

possibly _damaging; Phylo_P- conserved; GERP++_ RS- constrained.

x) Filter by variant allele frequency in the population- the population(1000Gpl_AF)

and the allelic frequency cutoff (<0.1) was selected.

xi) For checking the known variant, the variant allele list (SNP multi sample report)

containing known or identified variants and was annotated with SNP region list/

read list. Read quality less than 10 were ignored.

3.6. Post filter processes

After applying all the filters there were around 20-30 variants every filter cycle, which

linked to the phenotypes. Rs ID, gene and possible expression of the variants in different

variant databases (dbVar, NCBI) was checked. If the Rs ID, gene or expression of the

variant matched the phenotype of the proband then the variant was noted. If there was

no match in the database for the variants, it indicated the de novo variants. Our focus was

only heterozygous variant. So, we had to repeat the filtering process again and again to

remove the false negative and find the exact targeted exome variant.

Table 3.1 Showing the Field Interpretation

Sr. no. Fields Comments

1 chr Chromosome number

2 ref Reference nucleotide allele

3 cds_strand coding sequence (CDS) strand (+ or -)

4 SLR test_statistic SLR test statistic for testing natural selection on
codons. A negative value indicates negative selection,
and a positive value indicates positive selection.
Larger magnitude of the value suggests stronger
evidence

5 fold_degenerate degenerate type (0, 2 or 3)




Ancestral_allele

Ancestral allele (based on 1000 genomes reference
data). The following comes from its original README
file: ACTG - high-confidence call, ancestral state
supported by the other two sequences actg - low-
confidence call, ancestral state supported by one
sequence only N - failure, the ancestral state is not
supported by any other sequence - - the extant
species contains an insertion at this position. -no
coverage in the alignment

SIFT score

SIFT score, If a score is smaller than 0.05 the
corresponding NS is predicted as "D(amaging)’;
otherwise it is predicted as "T(olerated)"

Polyphen2_HDIV_score

Polyphen2 score based on HumDiy, i.e. hdiv_prob.
The score ranges from 0 to 1, and the corresponding
prediction is "probably damaging" if it is in [0.957,1];
"possibly damaging" if it is in [0.453,0.956]; "benign" if
it is in [0,0.452]. Score cutoff for binary classification
is 0.5, i.e. the prediction is "neutral" if the score is
smaller than 0.5 and "deleterious" if the score is larger

than 0.5. Multiple entries separated by ";".

MutationTaster_pred

Mutation Taster prediction, "A”
("disease_causing_automatic"), "D"
("disease_causing"), "N" ("polymorphism") or "P"
polymorphism_automatic")

10

PhyloP_score

PhyloP score, the larger the score, the more
conserved the site.

11

mg29way_pi

The estimated stationary distribution of A, C,Gand T

at the site, using SiPhy algorithm based on 29
mammals genomes.

12

hg18 pos

Physical position on the chromosome as to hg19 (hg
= the names/versions of human genome references
as used by UCSC browser.

13

cds_strand

Coding sequence (CDS) strand (+ or -)




RESULTS



4. Result
4.1 Identification of heterozygous SNPs
All the heterozygous variant was filtered as shown in the figure 4.1

The proband data was annotated again for gene name followed by Rs ID, as shown in

figure 4.2

Gene was named by cross checking the gene id with NCBI database and Expression
Atlas (EMBL-EBI) the resultant expression can be checked and the tissue where the
genes are expressing itself. Expression Atlas provides a well explained diagram to
elaborate the expression of genes in different tissue. It is a resource to query gene and
protein expression data across species and biological conditions and to visualize down-
stream analysis results to explore co-expression. It contains thousands of selected
microarray and RNA-indexing data, which are manually annotated with curated and
autologous words, have been checked for high quality and re-analyzed using
standardized approaches. Some of the variants may show novel characteristic and
sometimes the expression and phenotype are not found in the proband, in that case the

filtering processes was repeated with different parameters.
4.2 Identification of disease causing variant

In our study we found five polymorphisms present on chromosome number 1,2,3,6 and 9
(IGSF3, CHRND, FGD5, CYP21A2 and FKTN respectively) in proband, The molecular
diagnosis was reported for the proband with the genes which has the disease-causing
variants. We found almost 37 different disease-causing variants in the exome sequence,
of which only few are reported and found in the database. To know all the affected variants
de novo gene prediction has to be applied to the study. Because many novel variants are
also found which is not reported previously in the databases. By using all the tools and
technique mentioned in the paper confirms the presence of disease related to variants
with the diseased phenotype. The list of variants in a particular gene with the diseases

associated are mentioned in the table 4.1.



Table 4.1 List of disease causing variants found

S.No| Chr Gene rs 1D Tissue expression Pathway involved Disease associated
1 1 IGSF3 rs76417519 | Broad expressionin | Associated with bilateral nasolacimal | LCDD, Congenital nasolacrimal duct
esophagus (RPKM duct obstruction. obstruction.

8.2), skin (RPKM 7.8)

and 19 other tissues.

2 i CHRHND rs2245601 | Prostate, esophagus, |Acetylcholing binding receptor undergoes Multiple pterygium syndrome,

testis. an extensive conformation change that |congenital myasthenic syndrome slow-

affects all subunits and leads to opening channel type (SCCMS)

of an ion-conducting channel across the
plasma membrane.

3 3 FGD4s ref77253442 |Lung, spleen, placenta. | Activates COC42, a member of the Ras-
like family of Rho- and Rac proteins, by | Proangiogenic Action of Vascular
exchanging bound GDP for free GTP. | Endothelial Growth Factor in Human
Mediates VEGF-induced CDC42 Vascular Endothelial Cells.
activation. May regulate proangiogenic
action of VEGF in vascular endothelial
cells, including network formation,
directional movement and proliferation.
May play a role in regulating the actin
cytoskeleton and cell shape.
4 6 | CYP21A2 | rs149143853 Adrenal Encodes cytochrome P450 enzymes. | Congenital adrenal hyperplasia (CAH)
Metabolism and synthesis of cholesterol,
steroids and other lipids. protein localizes
to the endoplasmic reticulum and
hydroxylates steroids at the 21 position

5 ] FETN Ubiguitous expression | The protein is involved in the pathway Walker-\Warburg syndrome
in thyroid, brain, pratein glycosylation, which is part of (WWS),cerebroocular dysplasia-
spleen. Protein modification. muscular dystrophy syndrome (COD-
MD).

4.3 Expression of genes in different tissue with gene tree

The tissue which are found to be malformed in the proband are related with the expression
of the gene containing pathogenic variants, the expressions are checked in expression

atlas:
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Figure 4.1: Snapshot of all non-synonymous heterozygous variants

E D E F G - _ J K L
End Reference  Variant Allele Variant Type Sample Cou Experiment s Supporting F Variant Reac Total Reads Percent Stra
1178854 T C Substitution 4033333334 0 0 51 0
7797503 C G Substitution 4033333334 0 0 61 0
9324213 C T Substitution 4033333334 0 0 46 0
14107135 C G Substitution 4033333334 0 0 &8 0
24664235 C G Substitution 4033333334 0 0 45 0
33160644 T G Substitution 4033333334 0 0 25 0
36235452 G A Substitution 4033333334 0 0 61 0
43223485 C T Substitution 4033333334 0 0 3 0
52828384 A G Substitution 4033333334 0 0 39 0
52850232 T C Substitution 4033333334 0 0 109 0
54433642 C T Substitution 4033333334 0 0 67 0
78511960 C T Substitution b 0.5 55172413 55172413 29 5620691
87045696 G C Substitution 4033333334 0 0 a 0
117142641 G A Substitution b 05 5322561 5322581 62 2404692
117142700 C A Substitution b 05 50 50 86 13953489
117142736 A G Substitution b 05 47761192 47761192 67 4011196
117146504 G A Substitution b 05 52808987 52808937 89 1.6734362
117146563 G A Substitution b 05 36.363636 36.363636 44 15181818
117150617 A G Substitution b 05 25 25 521923017
117156459 C T Substitution 6 05 46341465 46341465 4 11553272
118657952 C T Substitution b 05 4527027 4527021 145 6.6559076
145251408 C T Substitution b 05 11335012 11335012 397 3927234
159890163 T A Substitution 4033333334 45454545 45454545 22 18181818
171162583 T C Substitution 4033333334 0 0 94 0
171168515 A G Substitution 4033333334 20408163 20408163 49 14285715
172356367 G A Substitution 4033333334 0 0 62 0
183495812 A G Substitution 4033333334 0 0 79 0
186063487 T C Substitution 4033333334 0 0 90 0
204587193 G A Substitution 4033333334 0 0 2 0
209791929 G T Substitution 4033333334 0 0 51 0
216052233 G T Substitution 4033333334 0 0 Ll 0
226019646 A G Substitution b 05 42105263 42105263 51 921053
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DISCUSSION



5. Discussion
5.1 Strategies for finding the rare variants from WES data

The origin for the congenital anomalies can be said to be multifactorial that involved
identifiable environment exposures and polygenic candidate gene variation. An individual
genome contains variants which may protect or increase susceptibility to environment

and the multiple stress factors encountered during lifespan (Majewski et al, 2011).

Whole exome sequencing for the proband with a wide range of structural abnormalities
diagnosed post birth, along with the parent sample was performed. The data was further
subjected to alignment and variant calling. Variant calling involved the identification of the
pathogenic non-synonymous variants using heterozygous hit strategy (Gilissen et
al.,2012). Genes carrying the heterozygous variants were selected and filtered.
Pathogenic heterozygous variants had been identified in five genes namely IGSF3,
CHRND, FGD5, CYP21A2 and FKTN

5.2 Current state of WES

In the recent years, amazing progress has been made in the ability to identify the
difference in the human genome faster and impartially. (Feero et al 2014) mentioned
genotyping along with large-scale parallel recognition on genotyping data exploded,
launching the era of Genome-Wide Association Studies (GWAS) and genetic testing of
suspected clinical value. Large reliable evidence has been gathering for the clinical and
research value of whole exome sequencing (WES) for situations like cancer,

developmental delay and mendelian disorders.

Private companies like Direct-to-consumer (DTC) exome sequencing are getting
developed and offering very modest price. Knome was the first company developed in
2007 to offer exome sequencing services directly to consumers, 23andMe and DNADTC

are the 2012 companies which offers exome sequencing at 80X coverage and initial price



lower than $700. Helix is the most recent company developed in 2016 offering “exome

plus" sequencing.
5.3 Conclusion

The clinical malformation of the proband was targeted using Whole Exome data with the
reference disease and it was found that the disease-causing variants are present in many
of the genes with respect to chromosome. Analysis indicates that the disease is not
monogenic, and there is involvement of multiple genes which are found to be lethal and
pathogenic noted by various databases. The aligned exome data contains huge number
of de-novo pathogenic variants among which we found 5 most pathogenic non-
synonymous heterozygous variants present in IGSF3, CHRND, FGD5, CYP21A2 and
FKTN genes. These genes are identified to be associated with the clinical features of

proband.
5.4 Future Directions

The intronic variants and transcription factors that plays a crucial role in early embryonic
pathways also can be explored. For the validation of de novo variants within the proband
a lot of such affected subjects could require to be recruited. As the parents of proband
are phenotypically normal there must be environmental factors which might be causing
congenital anomalies so there is a need for methylation analysis (Protein - DNA
interactions or Methylation of cytosine (C) nucleotides in the context of a CpG

dinucleotide)



SUMMARY



6. Summary

Whole Exome Sequencing (WES) is a capture-based methodology developed to
sequence exome and to spot variants within the coding region of genes that have
an effect on protein function. Understanding the exomes of people at single base
resolution permits the identification of pathogenic variants liable for causing
congenital disease. In this report, we had discussed the various steps involved in
bioinformatic analysis of whole exome sequence data. The objective of the study
was to identify pathogenic heterozygous variants in the proband. In silico tools like
SIFT, PolyPhen and ANNOVAR had been utilized. The parents belonged to low
income family sub-group. Mother was a housekeeper and was suffering from
hypothyroidism and the father was a labor. The sample collection and sequencing
had been done previously (Kaul S, 2017) after sequencing all the annotated non-
synonymous SNPs was organized and filtered according to the pathogenicity of
variants. All the variants were narrowed down to 5 pathogenic heterozygous
variants. The variants were present in the genes which play important
developmental roles. In this study, only exons were targeted and sequenced, the
involvement of introns is not known. As a conclusion bioinformatic analysis of WES
information is a decent tool for locating disease causing variants among patients
with unidentified genetic cause. In future, non-coding DNA sequence could be
studied to identify the genetic cause in the proband affected with multiple congenital

malformations.
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