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About me – Vivek Gopalan 

• Working and managing Bioinformatics projects since 2001.. 

• Director, Bioinformatics and Data Engineering, ClairLabs AI since Oct 2025  

• Senior Manager, Novo Nordisk, India from Sept 2021 till May 2025 

• Director, Clinical Bioinformatics and Clinical Software at MedGenome Labs 

Ltd., India for 5.5 years  

• Sr. Bioinformatics Scientific Staff at Qiagen Silicon Valley for 3 years 

• Bioinformatics Lead at Lockheed HLS R&D team for 2 years 

• Scientific Infrastructure Team Lead (contractor) at BCBB/NIAID/NIH for 5 years 

• Research Associate at University Of Maryland and performed Postdoctoral 

research on Computational Molecular Evolution (2005 to 2007) 

• PhD (Bioinformatics) at National University of Singapore, Singapore (2001 to 

2005) 

• As Research Scientist at Vittal Mallya Scientific Research Foundation (VMSRF), 

Bangalore, India (1997 to 2001) 

• B.Tech.(Industrial Biotechnology) at Anna University (AC tech Campus), India 

(1993 to 1997) 

NIAID Merit Award 

NIH Director Award 

Partner for the Start-up company SeekQuence Inc (Acquired by DoctorForMe in  2018, 

I got 5% of the total asset). Worked in stealth mode with Dr. Wei Zhou for  3 years. 

https://www.humanlongevity.com/wei-zhou/
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1993 – CBT batch 
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About ClairLabs.ai 
 Advancing science with AI and Data Innovation 

 ● Launched in 2024 

● Specialized in lab information management systems, data management, and 

bioinformatics solutions for genomic diagnostics 

○ Cloud and AI technologies 

4 

Vision 

Clairlabs’  vision is to be a leading provider of 

technology-driven solutions that accelerate scientific 

research in the life sciences industry. The company 

aims to leverage the power of artificial intelligence 

(AI) and a global talent pool to empower life sciences 

companies to bring innovative treatments and 

therapies to market faster.  

Mission 

• AI-powered platforms and services drug 

discovery and clinical trials. 

• Enable strategic Global Competency Center 

and innovation hubs in shared services models. 

•  Foster a culture of innovation, collaboration, 

and excellence, with talent thriving on 

advancement of scientific research. 

https://clairlabs.ai/ 
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Genomic diagnostics assay 

Why genetic assay was not available 20 years back? 
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Clinical diagnostics assay 
• ―Qualitatively assess or quantitatively measure the presence, amount, or functional 

activity of a target entity (the analyte) in the patients sample‖ 

• Blood, Saliva, Urine 

• Aids doctors  

• To differentially diagnosis the disease for the patients 

• To monitor the disease progress for the patients 

• The final result is a one or two pages report for the doctors to interpret 

• Contains actual value of the analyte, reference range, interpretation 

Genomic or Genetic Diagnostics assay 

Type of Diagnostics assay: Molecular Diagnostics Assay 

―Simultaneous sequencing of thousands of genes and quantitatively identifying the 
underlying molecular level defects (biomarkers) that are associated with the hereditary 
diseases‖ 
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Interpretation 

Consultation 

Sample 

DNA isolation 

Sequencing Bioinformatics Analysis 

Clinical report 

Genetic diagnostics assay 
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Clinical report 

(3 weeks time) 

Clinical sample 
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Driving force of Genomic diagnostics assay 

Why genetic assay was not available 20 years back? 
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Driving force for genetic diagnostics tests – 1. Technology 

• Next Generation Sequencing Technology 

○ High throughput genome sequencing technology that breaks the 
genomes in small pieces and accurately sequence the fragments in 
massively parallel reactions 

○ First introduced in 2004 by Roche Pharma. Currently Illumina’s & 
Life technologies sequencers are widely used 

Genomic  

Sequence 

Shredded  

sequences 
NGS sequencing - 

Massively parallel 

sequencing 

ATGCGATAAG 

ATGCGATAAG 

GAGGCGATAAG 

TTGAAATAAG 

GTGCCCTAAG 
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Driving force for genetic diagnostic test – 2. 
Affordability 

https://genomize.com/genome-sequencing-costs-effects-on-clinical-genetics/ 

MedGenome has NovSeqX plus 

sequencers 
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NGS sequencing - NovaSeq X plus 

Flow cell type 25B (Max capacity) 

No. of flow cells per run 2 

Sequencing type  2 x 150 bps 

Max amount of DNA 

sequenced 

~16 Terra bps in 48 

hours 

(16000 Gbps) 

Human genomes  (30X) 2 x 64 

Exomes (100X) 2 x 750 

Clinical Exomes per flow 

cell 
2 x ~1500 

16,000,000,000,000 bases per run 
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Human Genome, whole 
Exome, Clinical Exome 

● Whole Genome 
○ 23 pairs of chromosomes  

■ 22 pairs autosomes 
■ XY - Male 
■ XX - Female 

○ 3 billion base-pairs of DNA - 3000 
Mbps 

● Whole Exome  
○ All protein coding genes : ~20,000 

genes 
○ 60 Mbps (2% of Whole Genome) of 

exons 
○ Represents ~60K protein 

● Clinical Exome 
○ All genes that are associated with 

known rare diseases : ~6K genes 
○ 30 Mbps (1% of the Whole genome) 

of exons 
○ Represents ~20K proteins 
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What is Clinical bioinformatics 
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Interpretation 

Consultation 

Sample 

DNA isolation 

Sequencing Bioinformatics Analysis 

Clinical report 

NGS-based Clinical diagnostics processes 
 

Clinical dry lab process 

● Informatics component of the 
NGS or Genetic Diagnostic 
assay 
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Clinical Bioinformatics workflow - principle 

Raw variants 

(22K variants) 

Reads aligned to reference genome 

Raw reads (6 Gbps) 

Clinically relevant 

variants (100 variants) 

Filtered and cleaned reads 

Reportable variants 

(1 or 2 variants) 

Remove adapters and filter poor quality reads 

Align reads to reference genome 

Call variants from the aligned reads 

Annotate variants and filter variants 

based on reference genome mapping 

Prioritize variants based on clinical symptoms 

ACTGAGTAAACTGGATCGTAGT 

g.4G>T 

(homozygous) 

g.15T>C 

(heterozygous) 

Reference human genome 

Reference human genome 
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Clinical report guidelines 

1. ACMG guidelines 

a. Standard for Genetic diagnostics report 

b. Rules for associating variants to genetic diseases 

2. ACMG Variant classification - based on quantitative principles 

a. Pathogenic 

b. Likely Pathogenic 

c. Variant of Uncertain Significance (VUS) 

d. Likely Benign 

e. Benign 



© Copyright ClairLabs. All rights reserved. 



© Copyright ClairLabs. All rights reserved. 

Clinical bioinfo pipeline steps (Germline) 

Alignment 
to 
reference 
BWA 

Directly stored NFS 

Duplicate 
removal 
Picard, 
GATK 

Alignment 
metrics 
samtools 

Coverage 
metrics 
bedtools 

Realignment 
removal 
GATK, 

Recalibration 
GATK 

Variant 
Calling 
GATK 

Adapter 
trimming 
fastmcq 

Demux 
bcl2fastq 

Demux 
metrics 
Custom 
scripts 

Read 
metrics 
Custom 
scripts 

Variant 
annotation 
SNPeff/VEP 

Variant 
metrics 
bedtools 

SV & CNV 
BreakDancer, 
Pindel, Contra,  

Variant 
annotation 
Custom scripts 

QC report 

Good practise pipeline link: https://gatk.broadinstitute.org/hc/en-

us  

https://gatk.broadinstitute.org/hc/en-us
https://gatk.broadinstitute.org/hc/en-us
https://gatk.broadinstitute.org/hc/en-us


© Copyright ClairLabs. All rights reserved. 

Annotation of variants - principle 
Reference human genome 

c.39G>A 

p.13Ser(=) 
c.99T>C 

p.Pro33Arg 

c.150_152del 

p.Ala51del 

Gene A 

Gene B Transcript 1 

Transcript 2 

GnoMAD and 

1000G Db 
10% 3% 15% 

SIFT/Polyphen 
Tolerant Deleterious benign 

1. Gene annotation 

2. Population AF annotations 

3. Variant Effect prediction impact 

4. Disease database annotations 

ClinVar/OMIM/HGM

D 
Pathogenic Pathogenic VUS 

Benign 

Variant 1 

(g.1039G>A) 

Variant 2 

(g.1099T>C) 
Variant 3 

(g.1150_1152del) 
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Raw 

Variants 
1. Gene 

Annotations 

VEP/SNPEff 

Ensembl  

Gene Model 

2. Common 

Variation 

1000G, SNPdb138, HapMap, 

MedVarDb, 100Malay, NHLB(EVS) 

3. Computation 

Prediction 

PolyPhen 

SIFT 

MutationTaster 

MutationAccessor 

LRT 

GRP 

PhyloP 

FATHMM Score 

29way 

conservation 

4. Disease 

Annotation 

OncoMD, COSMIC 

ClinVar, SwissVar, 

GWAS, OMIM, HGMD 

Annotation file  

Annotation pipeline - content 



© Copyright ClairLabs. All rights reserved. 

Annotation sources - VEP 

1. Ensembl’s VEP - https://asia.ensembl.org/info/docs/tools/vep/index.html 

2. Query: ATP7B:c.2997dupC or 13:g.51946347dup 

 

https://asia.ensembl.org/info/docs/tools/vep/index.html
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Genetic report generation - Principle 

Patient phenotype 

(based on signs and symptoms) 

Patient genotype 

(based on DNA from sequencing of 

sample)  

OMIM/HPO 

Clinical report 

Gene list 

Annotated 

variants 

Variant 

selection 
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Clinical report 

(3 weeks time) 

Clinical sample 
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Operation pipeline 

Customer 

support room 

Blood 

handling room 

DNA 

preparation 

room 

Clinical 

Bioinformatics 

analysis room 

Clinical 

Bioinformatics 

reporting room 

Amplification and 

probe selection 

room 

Sequencing 

machine 

room 

Sample 

collection and 

storage room 

Customer 

support 

room 

Clinical samples (~1000 

samples per day) 

Clinical report 

(3 weeks time) 
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Clinical Bioinformatics operations – core tasks 

1. Run data-intensive informatics pipeline for 1000s of samples as batch in production mode 

• Prioritize analysis for samples that have shorter report time (Emergency samples) 

• Keep track of the analysis status – re run analysis that failed because of technical issues 

• Keep track of any exception in analysis, if there is any 

2. Perform QC and approve each of every sample in bulk 

• Keep track of QC failed samples and report promptly to the lab team for reprocessing 

• Check for any systematic errors – trending of errors 

• Validation of the pipeline results 

3. Develop and optimize new pipelines - new assays  

4. Manage data sources and content for variant annotations 

5. Provide Bioinformatics support for customers and internal teams 

1. Variant confirmation 

2. Annotation discussions 
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Clinical Bioinformatics operations -  requirements 

• Need dedicated infrastructure components to analysis samples 

1. Storage 

• 1500 x 5 = 7.5 Tb of raw data file per week == ~55 Tb per week 

• ~2 Pb Storage should be planned for every year 

2. Analysis servers 

• 4 hours per clinical sample 

• For ~10,000 samples analyses per week 

 

 

 

 

 

Assumptions : 1500-2000 clinical exome sample analyses per day 

(4 hours to perform analysis; ~10Gbps sequence data; ~5 Gb file size read data) 
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Qualified Team 

• Need dedicated and structured clinical bioinformatics team 

1. Analysis group 

• Regular analysis of clinical servers in batch and track issues with analysis 

• Perform integration of new components to the pipeline 

• Monitor the analysis servers performance and issues 

2. QC group 

• Perform QC and approve regular clinical sample samples 

• Add more QC tests and  metrics for approval 

3. Development & build group 

• Enhancement of the pipeline code and manage versions of the pipeline 

• Automation of analysis and QC process 

• Upgrade software and data resources used for annotations 

4. Data management group 

• Manage analysis files in the storage system– archival, deletion 

• Perform and track data sharing requests 

5. Validation group 

• Manage documentations and records on operation tasks 

• Develop policies for process; Validate new assays 
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Clinical bioinformatics team interactions 

Clinical 
Bioinformatics 

team 

IT team 

Lab team 

Sequencing 
team 

Software 
team 

Customer 
support 

team 

Report 
generation 

team 
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https://clairlabs.ai/impactomics  

https://clairlabs.ai/impactomics
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Summary 

1. Clinical Bioinformatics is one of the key component of the NGS-based 
Diagnostics Assay 

2. Production grade operations are required to perform analysis of each patient 
sample  

• Process level errors are not tolerated; Error can result in wrong treatment or 
misdiagnosis 

3. Dedicated bioinformatics with focus on analysis, QC and development is 
required to handle large volume of samples from NGS systems 

• Repeatable, reproducible, reliable and trackable results should be obtained 
from each patient samples 
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NGS-based diagnostics assay - challenges 
• Clinically validity is established for many hereditary diseases, but not all 

• The assay should be able to differentiate between the disease conditions and healthy controls   

• Clinical usability is established for many hereditary diseases, but not all 

• The assay should enable doctors to improve the patient’s health conditions by providing treatment 
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Thank you 

34 
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Rare diseases 

● Diseases 1 in 2000 in population 

● >80% are genetic - caused by one or two changes in the 

single gene or chromosomal abnormality 

● 250-450 million people are affected 

● ~6000 rare diseases 

● Cystic fibrosis, Spinal Muscular Atrophy, Osteopetrosis, 

Retinitis pigmentosa, etc 

● Not like common diseases 

○ More influenced by environment and associated 

with more genes 

○ Diabetes, Hypertension etc 

Genetics : Study of heredity — how traits and diseases are 

passed from parents to offspring. 


