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                                                        ABSTRACT 

 

Considering the genetic heterogeneity of inherited disorders, it is becoming 

increasingly difficult to delineate between disorders within a similar phenotypic 

spectrum. Genetic analysis of NGS exome data can help clinicians reach a more 

conclusive diagnosis and therefore implement better treatment strategies. The 

prime objective of this thesis is analysis of patient samples for variant detection 

and interpretation responsible in causing any disease. Firstly, DNA extracted 

from blood is used to perform targeted gene capture using a custom capture kit. 

Secondly, libraries are sequenced to mean >80-100X coverage on Illumina 

sequencing platform. Thirdly, the sequences obtained are aligned to human 

reference genome and analysed using Picard and GATK version 3.6 to identify 

variants relevant to the clinical indication. Clinically relevant mutations were 

annotated using published variants in literature and a set of diseases databases 

– ClinVar, OMIM, GWAS, HGMD and SwissVar. Common variants are filtered 

based on allele frequency in 1000Genome Phase 3, ExAC, EVS, dbSNP147, 1000 

Japanese Genome and our internal Indian population database. Damaging 

variants effect is calculated using multiple algorithms such as PolyPhen-2, SIFT, 

MutationTaster2, Mutation Assessor and LRT. Fourthly, based on ACMG 

guidelines the variants were classified as pathogenic, likely pathogenic, benign, 

likely benign and uncertain significance and reported. In case of reanalysis due 

to updated pipelines, softwares and improved knowledge the same analysis 

protocol mentioned above is followed and if any variant is detected associated 

with the newly mentioned phenotypes, it is classified and added in the report. In 

this project I came across 18 cases where I found 13 VUS, 4 NONE, 1 LP variants 

on initial analysis and upon re-analysis I got 12 VUS, 3 NONE, 1 LP and 2 

variants. In one case the variant classification changed on re-analysis due to 

updated pipelines, databases and literature knowledge.                              
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                                               3. INTRODUCTION 

 

MedGenome Labs Ltd. is a genomic diagnostic and research-based company offering 

the best of health care by decoding genetic information contained in a person’s 

genome. It has laboratories in Bangalore, Cochin, Mumbai, Singapore and California. 

MedGenome accepts samples like bone marrow aspirates, Peripheral blood/purified 

genomic DNA/chorionic villus sample (CVS)/amniotic fluid, etc for genetic tests such 

as Next generation sequencing (NGS), Multiplex ligation-dependent probe 

amplification (MLPA), Sanger sequencing, flowcytometry, etc. 

Genetic testing involves examining our DNA, the chemical database that carries 

instructions for our body's functions. Genetic testing can reveal changes (mutations) 

in our genes that may cause illness or disease. 

Although genetic testing can provide important information for diagnosing, treating and 

preventing illness, there are limitations. For example, if a healthy person, a positive 

result from genetic testing doesn't always mean he/she will develop a disease. On the 

other hand, in some situations, a negative result doesn't guarantee that someone won't 

have a certain disorder. 

Talking to a medical geneticist or a genetic counsellor about what one should do with 

his/her results is an important decision in the process of genetic testing. 

Everyone has a unique genome, made up of the DNA in all of a person's genes. This 

complex testing can help identify genetic variants that may relate to health. This testing 

is limited for looking at the protein-encoding regions in DNA called the exome. 

I was in one of the teams involved in analysis and re-analysis of patient samples. 

Genetic analysis of patient genetic data is usually done to identify, interpret and report 

significant variants that could help clinicians for better diagnosis or improved treatment 
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strategy and occasionally even enable patient to live relatively better life. The analysis 

is carried out based on the data generated from NGS and bioinformatics analysis.  

Targeted gene sequencing: Selective capture and sequencing of the protein coding 

regions of the genome/genes is performed. Mutations identified in the exonic regions 

are generally actionable compared to variations that occur in non-coding regions. 

Targeted sequencing represents a cost-effective approach to detect variants present 

in multiple/large genes in an individual. 

DNA extracted from blood is used to perform targeted gene capture using a custom 

capture kit. The libraries are sequenced to mean >80-100X coverage on Illumina 

sequencing platform. The sequences obtained are aligned to human reference 

genome (GRCh37/hg19) using BWA program and analysed using Picard and GATK 

version 3.6 to identify variants relevant to the clinical indication. We follow the GATK 

best practices framework for identification of variants in the sample. Gene annotation 

of the variants is performed using VEP program against the Ensembl release 87 

human gene model. Clinically relevant mutations were annotated using published 

variants in literature and a set of diseases databases – ClinVar, OMIM, GWAS, HGMD 

and SwissVar. Common variants are filtered based on allele frequency in 

1000Genome Phase 3, ExAC, EVS, dbSNP147, 1000 Japanese Genome and our 

internal Indian population database. Non-synonymous variants effect is calculated 

using multiple algorithms such as PolyPhen-2, SIFT, MutationTaster2, Mutation 

Assessor and LRT. Only non-synonymous and splice site variants found in the panel 

genes are used for clinical interpretation. Silent variations that do not result in any 

change in amino acid in the coding region are not reported. Based on ACMG guidelines 

the variants are classified as pathogenic, likely pathogenic, benign, likely benign and 

uncertain significance and reported. 

Sometimes if clinicians are not satisfied by the variations reported they ask for further 

re-analysis based on some new clinical synopsis. In the re-analysis we search for new 
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variants associated with the clinical features provided by the clinician. In some cases, 

we get new variants, or the previously reported variants are reclassified e.g., from 

variant of uncertain significance (VUS) to pathogenic or likely pathogenic.  

As genetic testing becomes standard practice for the diagnosis of many “medical” 

diseases, such as complex diseases, who will provide adequate counselling to patients 

and their family members? Genetic counsellors will be required to work with physicians 

to help patients understand the genetic test; the risks, benefits, and accuracy of the 

test; and the implications for family members. Another option is to ensure that clinicians 

are properly trained to understand genetic testing and the importance of proper 

counselling. Clinical laboratories can assist in providing appropriate counselling 

information to physicians and patients along with the test results, but even this will not 

ensure that the information is properly communicated to the patient. Genetic testing 

also has applications for the doctor–patient relationship as these test results have 

implications for the family members of the patient who were not a traditional part of the 

doctor–patient interaction previously.  
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                           3.1 BACKGROUND AND CONTEXT 

 

The technique of DNA sequencing is used to understand the nucleotide sequence of 

DNA (deoxyribonucleic acid). The nucleotide sequence is the most fundamental level 

of information of a gene or genome.  

First-generation sequencing- It was initiated in the 1970s, included the Maxam-

Gilbert technique, discovered by the American molecular biologists Allan M. Maxam 

and Walter Gilbert, and, English biochemist Frederick Sanger discovered the Sanger 

technique (or dideoxy method). The Sanger method became the more commonly used 

sequencing approaches among the two. These sequencing methods after few years 

were performed by using automated sequencing technologies, where the truncated 

DNA molecules are labelled with fluorescent tags and separated by size within thin 

glass capillaries and detected by laser excitation. 

Next-generation or second-generation sequencing (NGS)- It had largely 

supplanted first-generation technologies. There are many processes which allows 

many DNA fragments (including millions of fragments) to be sequenced at a short 

interval of time and in a more cost-effective manner and much faster than first-

generation technologies. The use of next-generation sequencing was improved 

significantly by advances in bioinformatics that allowed for increased data storage and 

facilitated the analysis and manipulation of very large data sets, often in the gigabases 

range such as 1 gigabase = 1,000,000,000 base pairs of DNA. 

Knowledge of the sequence of a DNA segment has many uses such as it can be used 

to find any gene or segments of DNA that code for a particular protein or phenotype. 

When some part of a DNA is being sequenced, it can be screened for characteristic 

features of genes. 

It has revolutionized the biological sciences. With its ultra-high throughput, scalability, 

and speed, NGS enables researchers to perform a wide variety of applications and 
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study biological systems at a level never possible. Now a days the complicated genetic 

research questions wants a depth of information which is beyond the capacity of old 

DNA sequencing techniques. Next-generation sequencing has filled that gap and 

become an everyday research tool to address these questions. 

NGS technology has fundamentally changed the kinds of questions scientists can ask 

and answer. The sample is prepared with innovation and the data analysis options 

allows broad spectrum of applications. For example, NGS allows researchers to: 

 

➢ Rapidly sequence whole genomes. 

➢ Zoom in to deeply sequence target regions. 

➢ Utilize RNA sequencing (RNA-Seq) to discover novel RNA variants and splice 

sites or quantify mRNAs for gene expression analysis. 

➢ It can sequence cancer samples to study rare somatic variants, and more. 

➢ Study microbial diversity in humans or in the environment. 

 

Illumina sequencing utilizes a fundamentally different approach from the classic 

Sanger chain-termination method. Sequencing is done by utilizing sequencing by 

synthesis (SBS) technology which enables tracking of the addition of labeled 

nucleotides as the DNA chain is copied in a massively parallel fashion. 

Next-generation sequencing produces a huge amount of sequence data which is much 

richer and complete than that of Sanger sequencing. The Illumina sequencing machine 

can deliver 300 kilobases of data up to multiple terabases in a single run, depending 

on instrument type and configuration. It is also cost effective and has higher 

reproducibility and accuracy. 
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Genetic analysis is done after data is generated from the illumina. These data of 

patients generated needs bioinformatics analysis, and the analysed data is uploaded. 

The main variant analysis is done by retrieving data from our database using Varminer 

(in house analysis tool) and the analysis is processed with respect to the supporting 

clinical details of particular mendelian disorders, i.e. differential diagnosis, clinical 

features related to the disease, laboratory findings, etc. Variants detected are 

interpreted and classified according to the American College of Medical Genetics and 

Genomics (ACMG) guidelines and are reported.  

In case of re-analysis the reported diagnostic yield for clinical exome sequencing of 

patients with presumed Mendelian disorders is around 25%.1–5 It remains unclear what 

proportion of undiagnosed patients harbour a causative mutation in the already 

sequenced exome that is not prioritized in the initial analysis. There are several 

reasons that causative mutations in the exome might be unrecognized. First, the 

processes both to call variants from short sequence reads and to annotate the impact 

of variants on genes are imperfect.6,7 Factors at each step can result in a causative 

variant being unidentified. Second, exome interpretation is informed by the reported 

patient phenotype. If key elements of the phenotype are not available to the clinical 

laboratory, because they either were not recorded or have not yet clinically emerged, 

this decreases the likelihood that a causative variant would be prioritized. Third, the 

representation of known gene–disease and variant–disease associations in readily 

searchable structured databases is incomplete, and the gap between the primary 

literature and structured databases is growing8. Identifying relevant information in the 

free text primary literature relies on imperfect ad hoc heuristic searches such as with 

search engines, rather than the preferable systematic queries of databases. Fourth, 

knowledge of variant and gene function is incomplete. Over 1,600 characterized 

Mendelian phenotypes are not yet tied to a causative gene, some Mendelian 

phenotypes exhibit genetic heterogeneity and have multiple causative genes, and 
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many Mendelian conditions are yet to be recognized9,10. Furthermore, a significant 

amount of expert time—from 20 to 40 h—is often required to evaluate a clinical 

exome11. This introduces potential variability and bias and makes it difficult to precisely 

replicate exome analysis. The required manual time also may decrease the frequency 

of reanalysis. Some clinical laboratories reanalyse exomes upon a provider’s request, 

limit reanalysis requests to one per year, or require a fee to reanalyse12. To evaluate 

how improvements in genome analysis methods and expanded knowledge of variant 

and gene function might increase the diagnostic yield of exome sequencing. 

Varminer is used to annotate variants with a predicted effect on protein-coding genes 

from the ENSEMBL gene set, and with an allele frequency in the Exome Aggregation 

Consortium, 1000 Genomes Project and our internal database control human 

populations.19-12 Variants are filtered to retain only rare variants (maximum allele 

frequency <0.1% in any 1000 Genomes Project or Exome Aggregation Consortium 

population or the internal database) that are predicted to be missense, truncating, in-

frame insertion or deletion, stop codon loss, or splice site disrupting. Variants were 

classified in accordance with the guidelines of the American College of Medical 

Genetics and Genomics13. A variant is considered causative if, in the clinical judgment 

of the evaluating medical geneticist, it is classified as pathogenic or likely pathogenic 

for a disease that matches the participant’s phenotype. Once a candidate variant is 

identified, the clinical laboratory is contacted to perform parental testing for the variant. 

Following parental testing, updated clinical reports are issued and participants 

received updated genetic counselling. 

Data from the OMIM database and the Human Genome Mutation Database (HGMD) 

Pro 2015. are used to quantify the growth in gene-disease and variant-disease 

associations23,24. The number of HGMD variant–disease associations are calculated 

using the publication year tied to each variant. Only DM variants (disease-causing; 

demonstrated to be pathogenic) are included. The HGMD gene–disease annotation 
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counts use the first publication year of any variant tied to a gene. Unique gene symbols 

are considered distinct genes. 

 

 

 

                                     3.2 SCOPE AND OBJECTIVES 

 

Scope: Genetic testing involves examination of our DNA, database of chemical which 

carries instructions for our body's functions. Genomic testing is important to reveal 

changes (mutations) in our genes that may cause illness or disease. 

Though genomic testing can deliver important information that can help in diagnosing, 

treating and preventing illness, there are limitations. For example, if a healthy person, 

a positive result from genetic testing doesn't always mean he/she will develop a 

disease. On the other hand, in some situations, a negative result doesn't guarantee 

that someone won't have a certain disorder. 

Talking to the doctor, a medical geneticist or a genetic counsellor about what one will 

do with the results is an important step in the process of genetic testing. 

Genomic counselling plays an important role in determining the risk for developing 

certain disorders as well as their screening and sometimes medical treatment. Different 

types of genetic testing are done for different reasons: 

❖ Diagnostic testing. If one having symptoms of some disorder that might be 

caused by any genetic changes, sometimes called mutated genes, genetic 

testing can reveal if he/she has the suspected disorder. For example, genetic 

testing may be used to confirm a diagnosis of cystic fibrosis or Huntington's 

disease. 

❖ Presymptomatic and predictive testing. If one has a family history of a 

genetic condition, getting genetic testing before he/she has symptoms may 
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show if they are at risk of developing that condition. For example, this type of 

test may be useful for identifying your risk of certain types of colorectal cancer. 

 

❖ Carrier testing. If someone having a family history of a genetic disorder — 

such as sickle cell anemia or cystic fibrosis — or in an ethnic group that has a 

high risk of a specific genetic disorder, he/she may choose to have genetic 

testing before having children. The expanded carrier screening test can also 

identify those genes associated with a wide variety of genetic disorders and 

mutations and can identify if he and his partner are carriers. 

 

❖ Pharmacogenetics. If someone has a particular health condition or disease, 

this type of genetic testing may help determine what medication and dosage 

will be most effective and beneficial for him. 

 

❖ Prenatal testing. If someone is pregnant, tests can detect some types of 

abnormalities in her baby's genes. Down syndrome and trisomy 18 syndrome 

are two genetic disorders that are often screened for as part of prenatal genetic 

testing. Traditionally this is done looking at markers in blood or by invasive 

testing such as amniocentesis. A new test called cell-free DNA test looks at a 

baby's DNA by doing a blood test of mother. 

 

❖ Newborn screening. This is the most common type of genetic testing. In the 

United States, all states require that newborns be tested for certain genetic and 

metabolic abnormalities that cause specific conditions. This type of genetic 

testing is important because if results show there's a disorder such as 

congenital hypothyroidism, sickle cell disease or phenylketonuria, care and 

treatment can begin right away. 
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❖ Preimplantation testing. Also called preimplantation genetic diagnosis, this 

test may be used when one attempts to conceive a child through in vitro 

fertilization. The embryos are screened for genetic abnormalities. Embryos 

without abnormalities are implanted in the uterus in hopes of achieving 

pregnancy. 

 

No matter what the results of the genetic testing, talk with the doctor, medical geneticist 

or genetic counsellor about questions or concerns us may have. This will help us 

understand what the results mean for us and our family. 

Currently, the majority of genetic tests identify one or more DNA mutations in a single 

gene that cause a disease with a clear inheritance pattern of autosomal dominant, 

autosomal recessive, or X-linked. In the coming future, the potential applications for 

genetic testing will be more, were every known disorder having some aspect that is 

influenced by, if not directly caused by, mutations or polymorphisms in the genome of 

the patient. Lots of factors influences the translation of potential medical applications 

of genomic information into reality which includes our understanding of the human 

genome, technological advances, and the state of social, ethical, and legal issues 

surrounding genetic testing. 
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Objectives:  

➢ Finding new variants in genes leading to pathogenic events in a patient. 

➢ Understanding a disease, its biology and genetic cause. 

➢ Interpretation and classification of variants based on the ACMG guidelines.  

➢ To identify new variants on re-analysis or revision of variant significance. 

➢ Reporting significant variants. 

➢ Providing better diagnosis or counselling and treatment. 
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                                            3.3 ACHIEVEMENTS 

 

On analysis I got the following variants: 

  

         Fig 1: Pie chart representing variants detected across 18 cases. 

 

On Re- analysis I got the following variants: 

 

           Fig 2: Pie chart representing variants detected across 18 cases. 

 

 

VUS-  Variant of Uncertain Significance 

LP-     Likely Pathogenic 

P-        Pathogenic 
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Result showing variants found in initial analysis and re-analysis. 

 

  

Fig 3: Graphical representation showing variants detected in analysis and re-analysis. 

 

                                

                                 3.4 OVERVIEW OF DISSERTATION 

 

I was in one of the teams involved in analysis and re-analysis of patient samples. 

Genetic analysis of patient genetic data is usually done to identify, interpret and report 

significant variants that could help clinicians for better diagnosis or improved treatment 

strategy and occasionally even enable patient to live relatively better life. The analysis 

is carried out based on the data generated from NGS and bioinformatics analysis.  

Targeted gene sequencing: Selective capture and sequencing of the protein coding 

regions of the genome/genes is performed. Mutations identified in the exonic regions 

are generally actionable compared to variations that occur in non-coding regions. 

Targeted sequencing represents a cost-effective approach to detect variants present 

in multiple/large genes in an individual. 

DNA extracted from blood is used to perform targeted gene capture using a custom 

capture kit. The libraries are sequenced to mean >80-100X coverage on Illumina 
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sequencing platform. The sequences obtained are aligned to human reference 

genome (GRCh37/hg19) using BWA program and analysed using Picard and GATK 

version 3.6 to identify variants relevant to the clinical indication. We follow the GATK 

best practices framework for identification of variants in the sample. Gene annotation 

of the variants is performed using VEP program against the Ensembl release 87 

human gene model. Mutations which are clinically relevant are annotated using 

published variants in literature and set of disease databases such as ClinVar, OMIM, 

GWAS, HGMD and SwissVar. Common variants are filtered based on allele frequency 

in 1000Genome Phase 3, ExAC, EVS, dbSNP147, 1000 Japanese Genome and our 

internal Indian population database. Non-synonymous variants effect is calculated 

using multiple algorithms such as PolyPhen-2, SIFT, MutationTaster2, Mutation 

Assessor and LRT. Only non-synonymous and splice site variants found in the panel 

genes are used for clinical interpretation. Silent variations that do not result in any 

change in amino acid in the coding region are not reported. Based on ACMG guidelines 

the variants are classified as pathogenic, likely pathogenic, benign, likely benign and 

uncertain significance and reported. 

The clinical laboratories and the clinical geneticists were largely helped by the ACMG 

standards and guidelines for better and effective treatments.  The American College of 

Medical Genetics and Genomics (ACMG) previously developed guidance for the 

interpretation of sequence variants. In the last few years, sequencing technology has 

evolved rapidly with the advent of high-throughput next-generation sequencing. By 

adopting and leveraging next-generation sequencing, clinical laboratories are now 

performing an ever-increasing catalogue of genetic testing spanning genotyping, 

single genes, gene panels, exomes, genomes, transcriptomes, and epigenetic assays 

for genetic disorders. Genetic tests are done which include genotyping, single gene, 

panels, exomes and genomes which are recommended. The guidelines also describe 

about the use of specific standard term such as “pathogenic,” “likely pathogenic,” 
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“uncertain significance,” “likely benign,” and “benign”—to describe variants identified 

in genes that cause Mendelian disorders. Moreover, this recommendation describes a 

process for classifying variants into these five categories based on criteria using typical 

types of variant evidence (e.g., population data, computational data, functional data, 

segregation data). Because of the increased complexity of analysis and interpretation 

of clinical genetic testing described in this report, the ACMG strongly recommends that 

clinical molecular genetic testing should be performed in the clinical laboratory 

improvement amendments which should be an approved laboratory. 

Varminer is used to annotate variants with a predicted effect on protein-coding genes 

from the ENSEMBL gene set, and with an allele frequency in the Exome Aggregation 

Consortium, 1000 Genomes Project and our internal database control human 

populations19-22. Variants are filtered to retain only rare variants (maximum allele 

frequency <0.1% in any 1000 Genomes Project or Exome Aggregation Consortium 

population or the internal database) that are predicted to be missense, truncating, in-

frame insertion or deletion, stop codon loss, or splice site disrupting. Variants were 

classified in accordance with the guidelines of the American College of Medical 

Genetics and Genomics13. A variant is considered causative if, in the clinical judgment 

of the evaluating medical geneticist, it is classified as pathogenic or likely pathogenic 

for a disease that matches the participant’s phenotype. Once a candidate variant is 

identified, the clinical laboratory is contacted to perform parental testing for the variant. 

Following parental testing, updated clinical reports are issued and participants 

received updated genetic counselling. 

Sometimes if clinicians are not satisfied by the variations reported they ask for further 

re-analysis based on some new clinical synopsis. In the re-analysis we search for new 

variants associated with the clinical features provided by the clinician. In some cases, 

we get new variants, or the previously reported variants are reclassified e.g., from 

variant of uncertain significance (VUS) to pathogenic or likely pathogenic.  
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                                  4. BACKGROUND AND RATIONALE 

Allotment of Samples: 

• The samples registered for clinical reporting in the MGLIMS will be allotted to 

the respective genome analysts by the person in-charge for data analysis and 

reporting. 

• The genome analysts are required to generate and dispatch the approved 

reports within TAT as specified in the MGLIMS. 

Retrieval of TRF: 

• The test requisition form for a specific sample ID can be downloaded from the 

MGLIMS. This form contains details required for the analysis and reporting of 

the sample including: 

• Sample type, consanguinity, age, gender, family history, inheritance pattern, 

symptoms, indications / clinical diagnosis. 

• Test requested. 

• Details of the requesting clinician. 

Data shared from bioinformatics team: 

The analysed data for the sample is shared through mail to all the genome analysts. 

The mail contains the path of the FTP files, raw and analysed BAM files. 

Example:  FTP Path: /ftp_uploads/files/12345_R123_LIB12345 

This FTP folder contains 

1. Quality metrics report of the sample data. 

2. Variant annotated file “Variant” compatible with Varminer (in house software 

tool).  

3. Coverage of the coding regions of the genes. 

4. Low coverage regions of the genes. 
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5. Variant reported in HGMD. 

6. Suspected large indels (annotated output from Pindel) 

7. Suspected copy number variants and structural variants file. 

Checking data quality for compliance: 

The quality metrics shared by the bioinformatics team is thoroughly checked for 

compliance and sample analysis. It also has details of the library id, run id and software 

and version of the tools employed for data analysis. 

Expectations: Data parameters including total data generated, aligned reads, passed 

alignment and overall duplicate ratio less than 5-10% of the expected value is accepted 

provided the genes of interest are well covered. 

Noncompliance: When the data quality is poor the samples are reprocessed either for 

resequencing to generate data or sample library is regenerated based on the 

requirement. 

Variant annotation file: 

Variant annotation file is the primary annotated file used for data analysis. 

The variants are annotated according to the HGVS nomenclature. 

The Variant annotation file also has: 

o All the mutations are annotated using published variants in literatures and set 

of disorder databases such as ClinVar, OMIM, GWAS, HGMD and SwissVar. 

o Minor allele frequency in 1000 Genome Phase 3, ExAC, EVS and our internal 

Indian population database (MedVar database). 

o Damaging effect of variants calculated using multiple predicton algorithms such 

as SIFT, Polyphen-2, MutationTaster-2 and LRT. 
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Varminer2: 

Varminer is an in-house software tool available for variant filtration and prioritization 

based on the clinical phenotype and suspected mode of inheritance. 

aids in better and efficient analysis and interpretation. 

• The Varminer2 facilitates the viewing of “QC status”, “TRF”, “Clinical synopsis”, 

“Appplied filter”, “file information” and “version information”. 

 Analysis: 

The varminar interface displays the data columns from the VariMat filr such as 

chromosome number, variant start position, base change, variant type, zygosity, read 

depth of the variant, gene in which variant is found, cDNA change, protein change, 

exon number, Ensemble transcript ID, RefSeq transcript ID, RefSeqProtein ID, 

EnsembleProtein ID, ClinVar ID, SwissVar, 1000G MAF, ExAC MAF, SIFT, PolyPhen2 

HDiv, PolyPhen2_Hvar, LRT, VariantQuality, Reference base depth, Altered base 

depth, disease database, MedVar database, etc. 

Filters: 

The results obtained depends solely on the filters and their parameters used. Thus, it 

is important to understand the biology of the disease, mode of inheritance, commonly 

observed mutations and prevalence for analysis. Most of the common content in 

Varminer can be filtered based on the applied parameters.  

Panel filter: The panel name is entered in the “Disease filter” tab which adds the gene 

list corresponding to the disease and can be used for filtering. 

Eg. Muscular dystrophy and congenital myopathy, deafness panel, MODY panel, 

Charcot-Marie-Tooth disease panel, etc. 

Included genes: Specific genes can be manually added to this tab. 
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Excluded genes: During analysis the genes can also be excluded from this tab. 

OMIM filters: Disease phenotype can be added in this tab which helps in pulling all 

the reported genes from OMIM database. 

Synopsis filters: Disease phenotype can be added in this tab which helps in pulling 

all the genes based on OMIM clinical synopsis. 

In addition to the above filters, column filters are also available, which can be used to 

exclude or include specific parameters. For example, only “Homozygous” variants can 

be filtered or only “Missense” variants can be filtered.  

Criteria for filtering and prioritization of the variants for reporting: 

The goal of filtering and prioritization is to weigh the available evidence in favour of a 

likely role of the genetic variants detected in a patient. 

❖ Phenotype / clinical indications / diagnosis: The variants prioritized for 

reporting is mainly based on clinical indications and diagnosis. The clinical 

indications given in the TRF are read and understood with respect to the 

genetic basis of the disorder and gene list is selected accordingly. 

❖ Assumed mode of inheritance based on pedigree or family history or 

phenotype: Based on given clinical synopsis or diagnosis or any specific 

phenotype the mode of inheritance pattern of the disease is studied and 

included.  For example- some phenotypes are very well-known mode of 

inheritance. Cystic fibrosis is inherited in an autosomal recessive mode. If 

pedigree and details of other affected and unaffected members are given, this 

information can be used to predict the mode of inheritance for the particular 

family. 

❖ Minor Allele Frequency: We check how rare a variant is in the population 

databases (1000 genome, ExAC and internal databases). As if the variant is 

common in the population then the variant is unlikely to be disease causing. 
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Conversely, when a variant rare in the general population, the variant is likely 

to cause disease.  

❖ Reported status: The clinically relevant variant(s) are checked whether they 

are reported in literature for the given phenotype, by using databases such as 

Clinvar, SwissVar, HGMD, etc. 

If the variant is reported in any of the databases with the suspected or similar 

phenotype, the variant is prioritized for reporting. 

❖ Prediction based on in-silico tools: The current ACMG guidelines suggests 

that multiple lines of computational evidence support deleterious effect on the 

gene. Thus, in our analysis we use five different predictive tools SIFT, 

Polyphen2, MutationTaster2 and LRT in assigning significance and clinical 

correlation for reporting. 

❖ Genotype-Phenotype correlation: The prioritized variants based on all the 

above criteria is checked for genotype-phenotype correlation to ascertain the 

significance of the variant(s). 

PINDEL analysis: The size of the indels called in GATK tool is only around 10bp. 

Thus, to identify large indels PINDEL tool is used. 

Integrative Genomics Viewer (IGV): The variants thus prioritized for reporting are 

visualized in the IGV, a high-performance visualization tool for interactive exploration 

of variants viewer. This aligns the BAM file of the variant against the reference 

sequence of NCBI. IGV helps us to identify skewed strand ratio, bad quality reads, 

allele change and visualize depth.  
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Variant Interpretation:  

Variant selected after filtering based on the above criteria in a sample is evaluated and 

classified according to the American College of Medical Genetics and Genomics 

(ACMG) guidelines.  

 

Very Strong: 

• Variant reported in previous studies with substantial evidence that the variant 

causes the disease in question. 

• Variants in a gene where loss of function is a known mechanism of disease, 

including: nonsense or frameshift changes including interruption of the normal 

start or stop codon, alteration of the splice donor or acceptor site. 

Strong: 

• Previously established pathogenic variant regardless of nucleotide change with 

the same amino acid change. 

• De novo (both maternity and paternity confirmed) in a patient with the disease 

and no family history. 

• A gene or gene product is damaging if there is supporting well established 

functional studies. 

Moderate: 

• Should be located in a mutational hotspot or critical and well-established 

functional domain. 

• Absent from controls population. 

• Detected in trans with a pathogenic variant for recessive disorders. 

• Nonrepeat region or stop-loss variants occurring when protein change occurs 

due to inframe deletion or insertion. 
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• Changes in an amino acid residue which are missense in nature and where 

any other missense change can determine to be pathogenic has been seen 

before. 

• It is considered as de novo variation before parental or maternal examination 

is done. 

• Co-segregation with disease in multiple affected family members in a gene 

definitely known to cause the disease. 

• Variants which are missense in a gene that is having a low rate of benign 

variation and in which missense variants are a common mechanism of the 

disorder. 

• The computational evidence helps in understanding a deleterious effect on the 

gene or a gene product (conversion, evolutionary, splicing impact, etc.). 

• Patient’s phenotype or family history is highly specific for a disease with a single 

genetic etiology. 

Variant Classification: 

After sequence change has been reviewed it is classified into these categories: 

Pathogenic: A disease causing variation in a gene which can explain the patient’s 

symptoms has been detected. This usually means that a suspected disorder for which 

testing had been requested has been confirmed. 

Likely Pathogenic: A novel or previously reported variants, with some evidence 

suggesting that this is very likely to contribute to the development of disease however, 

the scientific evidence is currently insufficient to prove this conclusively. 

Benign: A variant that are present at a higher frequency in the general population than 

expected for that disease and which is known not to be responsible for disease has 

been detected. Generally, no further action is warranted on such variants when 

detected. 



31 | P a g e  

Likely Benign: This category includes varients in intronic region that are unlikely to 

affect splicing, variants in highly variable region if a gene. Variants for which multiple 

lines of computational evidence suggest no impact on gene/gene product, well-

established functional studies show no deleterious effect and variants not segregating 

with the disease in a family. 

Variant of uncertain significance: A variant has been detected, such as missense 

variant, in frame deletions/insertions, but it is difficult to classify to either pathogenic 

(disease causing) or benign (non-disease causing) based on current available 

scientific evidence. It is probable that their significance may change, subject to 

availability of scientific evidence. 
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Report Generation: 

                                     Fig 4: First page of DNA test report   
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Fig 5: Second page of DNA test report. 
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                                                  Fig 6: Third page of DNA test report. 
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                                   Fig 7: Fourth page of DNA test report   
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                                       Fig 8: Last page of DNA test report   
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                                              5. WHAT DID I LEARN? 

 

5.1 SUMMARY 

Genomic diagnosis and testing has benefits with high potential whether the results are 

positive or negative for a gene mutation. Test results can provide a sense of relief from 

uncertainty and help people make informed decisions about managing their health 

care. For example, a negative result can eliminate the need for unnecessary checkup 

and screening tests in some cases. A positive result can direct a person toward 

available prevention, monitoring, and treatment options. Some test results can also 

help people make decisions about having children. Genetic disorders can be detected 

in newborn screening early in life so that treatment can be started as early as possible. 

Whole genome sequencing or clinical exome sequencing and analysis results in 

identifying and interpreting variations which has deleterious effects and has high 

impact variations which leads to a disease. These null variants are classified following 

the ACMG guidelines and are reported. And whenever the clinicians are not satisfied 

with the variants reported they ask for further re-analysis based on some new clinical 

features. In the revised analysis we search for any new variants associated with the 

clinical features provided by the clinician. In some cases, we got new variants or the 

previously reported variant classification was changed e.g., from variant of uncertain 

significance (VUS) to pathogenic or likely pathogenic. This is due to over years 

pipelines, databases, analysis software, knowledge are updated, and this could result 

in the identification of new variants or revision of reported variant significance.  

The Standards and Guidelines were developed primarily as an educational resource 

for clinical laboratory geneticists to help them provide quality clinical laboratory 

services. The American College of Medical Genetics and Genomics (ACMG) 

previously developed guidance for the interpretation of sequence variants. In the past 

decade, sequencing technology has evolved rapidly with the advent of high-throughput 
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next-generation sequencing. These recommendations primarily apply to genetic tests 

used in clinical laboratories, which include genotyping, single genes, panels, exomes, 

genomes, etc. The guidelines also describe about the use of specific standard term 

such as “pathogenic,” “likely pathogenic,” “uncertain significance,” “likely benign,” and 

“benign”—to describe variants identified in genes that cause Mendelian disorders. 

Moreover, this recommendation describes a process for classifying variants into these 

five categories based on criteria using typical types of variant evidence (e.g., 

population data, computational data, functional data, segregation data). The ACMG 

strongly recommends that clinical molecular genetic testing should be performed in the 

clinical laboratory improvement amendments which should be an approved laboratory. 

Exome sequencing is a valuable diagnostic tool for patients with Mendelian disorders. 

The yield of proband-only exome sequencing is estimated at 25%. Conceptually, cases 

for which exome sequencing is nondiagnostic fall into two distinct categories: those 

where the diagnosis lies outside the data produced (e.g., the causative mutation is in 

a coding region not covered by the exome, or it is noncoding, or the cause is not 

genetic); and those where the diagnosis lies in the available genetic data, but 

incomplete recognition of the phenotype or limitations of current tools or knowledge 

hinder discovery. As tools and knowledge related to gene–disease associations 

improve, we will be able to diagnose more cases in the latter category. The primary 

reason that we find new diagnoses is the growing knowledge of gene–disease and 

variant–disease associations in the literature. A nondiagnostic exome could be solved 

by any one new publication. We show that the pace of publication is quite rapid, with                                  

around 250 new gene–disease associations and 9,200 variant–disease associations 

curated each year. 

Frequent re-evaluation of exomes is challenging in practice because of the required 

labour. Clinical laboratories can devote 20 to 40 h of expert labour to issue an initial 

clinical exome report. Effort may accordingly be prioritized to processing new exomes 
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rather than reanalysing old ones, as the benefit and likelihood of identifying a new 

diagnosis must be balanced against the cost of reanalysis. Many clinical laboratories 

do reanalyse exomes upon a provider’s request, but there is often a limit to the number 

of requests or an associated fee12. Increased automation could lessen the expense 

and shift the cost-benefit calculation toward more frequent reanalysis. Efforts should 

focus on automating as much of the analysis process as is feasible. In particular, 

standard approaches are needed to encode patient phenotypes and to measure 

objectively the relevance of a gene or disease to a patient’s phenotype32. Such 

systems will depend on databases of well-substantiated gene–disease and variant–

disease associations represented in structured ontologies. Thus, it is also important to 

develop systems to keep databases up to date with well-curated information from the 

current literature. 

Both the initial analysis of exome data and its subsequent reanalysis may benefit from 

collaboration between the clinical laboratory and the ordering provider. Laboratories 

rely on providers for phenotypic data and for updates to this information to be 

considered at reanalysis. Providers rely on laboratories to report relevant variants and 

to update variant interpretation based on new information. Practical considerations 

suggest that benefits may follow from ordering providers initiating reanalysis. In 

requesting reanalysis, the provider may send an update on the patient phenotype to 

the laboratory. The request may also serve to confirm that the provider (i) is expecting 

the results of reanalysis and (ii) is in contact with the patient. Nonetheless, there are 

expected to be occasions when a diagnosis is found on reanalysis by a clinical 

laboratory without a request from an ordering provider. It may therefore be helpful for 

undiagnosed patients who have undergone exome sequencing to ensure providers 

have up-to-date contact information. 

My experience illustrates that a “negative” nondiagnostic result from exome 

sequencing does not mean that the disease etiology lies outside of the data already 
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produced. For patients with a high suspicion of a Mendelian disorder, providers should 

periodically request a reevaluation of exome data by clinical laboratories, including in 

the absence of new phenotypic findings. Larger studies may be helpful to define a 

standard practice for the timing of reanalysis, taking into account the cost of reanalysis 

and the evolving rate of discovery of gene–disease relationships. Furthermore, 

providers should weigh policies regarding reanalysis, along with cost of testing and 

turnaround time, in selecting a laboratory for exome sequencing. 
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                        6.  HOW TO COMPLEMENT IN CORPORATE? 

 

Ambitious employees always find opportunities to climb up the corporate ladder. There 

is no doubt that the individuals who are eager to climb the professional ladder of 

success, but the thing matters is whether they have the discipline and the positive 

interest to reach the desired goal. Successful individuals always keep track of great 

principles, which would help them to reach the highest level. 

❖ Taking Initiative- One should be more involved in any difficulty his colleague 

or boss has encounter. One should always be ready for any sort of work which 

has nothing to do with his work, and that’s what makes the difference between 

a leader and a common employee. One should always be ready to help. 

❖  Being always prepared- Preparation which is good always helps an individual 

to stay focused on your agenda. It also shows the managers that he is serious 

in his work, and he takes company meetings seriously. Avoiding being careless 

at the meeting, with no preparation whatsoever. Good preparations may lead 

to promotion. 

❖ Being Responsible- A good employee is a responsible employee. Adding up 

responsibilities should be one’s forte. He should also be ready to undertake 

more responsibilities if necessary. When he fails at certain task assigned to 

him, he should be the one standing up to admit his fault and ask for the apology. 

Managers are always on the lookout for such a person who is not only ready to 

shoulder any responsibilities, but willing to bear the consequences of his failure 

or irresponsibility. 

❖ Never Postpone- He should finish his task on time. He should ensure that the 

tasks must be completed before anything. Postponing of work is looked upon 

as less dedicated, and not focused. 

❖ Effective Communication- Proper communication is an essential tool to 

successful career. If someone is able to put his thoughts and opinion across in 
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an effective manner, he will get the most attention. His communication skills 

will lead him to sit among bosses and managers. He will be asked to share his 

views in company’s meetings. He should ask politely, state clearly, say friendly, 

share his opinions carefully. When he is angry, he should try to say slowly. 
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