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Cracking the Code 

February 2001
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Sequencing Techniques 

Polymerase based – Most sequencing techniques

Ligase based - SOLiD

Helicase based - Nanopore
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Differential flourochrome
labeling of ddNTPs in 
automated Sanger 
sequencing

Sanger Sequencing - Dideoxy nucleotide

T  G  C  T   G C  A   A G  C  A  G T  3’ 5’

5’

(DNA)n + ddNTP ------ >  (DNA)n+1 + Ppi + H+DNA
Polymerase
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Automated Sanger Sequencer

1995 – Haemophylus influenzae

1996 – Yeast

2000 – Drosophila, Arabidopsis

2001 – Human genome

Major Achievements
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The evolution of Sequencing technologies 

Classical or first generation (1976 – 2002) -

Maxam Gilbert, Sanger Coulson

Second Generation –(2002 – till date)  -

Pyrosequencing, Virtual 
terminator sequencing, SoLid

Third Generation – 2008 – evolving –
Nanopore, Ion torrent, SMRT
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Name Company PCR Sequencing
Read-

length

454 Roche Emulsion Polymerase- Pyrosequencing 250

Solexa Illumina Bridge Polymerase- reversible terminators 36

SOLiD
Applied 

Biosystems
Emulsion Ligase (octamers with 2 base encoding) 35

Rapidly evolution and fine tuning and extinction  

2009

454 and SOLiD have been phased out
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Contemporary Sequencing technologies 

Short Read Sequencers

•Virtual Terminator 
Sequencing (Illumina)

• Ion Torrent (Roche)

Long Read Sequencers

•Nanopore (Oxford)

• SMRT (Pac Bio)
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Virtual Terminator sequencing – Illumina, Solexa
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Virtual terminator sequencing

N

F

VT

The virtual terminator (VT) nucleotides are nucleotide analogues, contain a

fluorescent dye and chemically cleavable group (VT) – 3’-O-azidomethyl group.

Once incorporated, the VT analogues block further incorporation untill the VT moiety

is chemically removed

Hence the name – “Virtual/ Reversible terminators”.

The virtual terminator label is removed before the next cycle , regenerating the 3’

OH group using reducing agent tris 2 carboxy ethyl phosphine (TCEP)

N F

VT

(DNA)n + ddNTP ------ >  (DNA)n+1 + Ppi + H+DNA
Polymerase
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Virtual terminator Sequencing
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Cycle steps –

1. Primer is extended through virtual terminator nucleotides by adding all four differentially labelled nucleotides 
simultaneously

2. Because of the VT moitey only one nucleotide is added at a time and recorded for each sequence based on differential 
florescence tagging

3. Next the virtual terminator moitey is removed, regenerating the 3’ OH group using reducing agent  tris 2 carboxy ethyl 
phosphine (TCEP)

Steps one to three are repeated till the template is fully sequenced

A

T A

C
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Ion torrent
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The flow cell is flushed with a single species of nucleotide
at a time

The semi-conductor chip records changes in pH, upon
incorporation of complimentary nucleotide by polymerase

The change in pH is proportional to the number of
nucleotides added

No imaging

Ion torrent

Current read length 100 bp
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Long read sequencers 

Long Read Sequencers

•SMRT(Pac Bio) 

•Nanopore (Oxford)
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SMRT – Single Molecule Real Time Sequencing -PacBio
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Nanopore – Helicase based sequencing
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Oxford Nanopore

Marketed by Oxford Nanopore

Time to sequence human genome – 15 
to 20 minutes

Size of sequencer – pen drive, scalable

Cost of sequencing whloe human 
genome - < 1000$
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The long and short of sequencing

https://www.nature.com/articles/s41576-020-0236-x

https://www.nature.com/articles/s41576-020-0236-x
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Nature Biotechnology - 29 January 
2018; doi:10.1038/nbt.4060

The Game changer – ultra long reads

Nature Reviews Genetics
https://www.nature.com/articles/s41576-020-0236-x

https://www.nature.com/articles/s41576-020-0236-x
https://www.nature.com/articles/s41576-020-0236-x
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NGS  Applications
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NGS Broad Applications

1. Variant calling
(SNPs or structural
variations)

3. Transcriptome analysis
– reconstitution of mRNA,
identification of exon
intron boundaries,
alternative splicing,
differential expression
analysis

4. Sequence specific
binding of proteins
(DNA-Protein
interactions)

DNA-Seq                  BS-Seq                    RNA-Seq                      ChIP-Seq    

2. Epigenomics study
- Methylation status
of Cytosines in CG,
CHG and CHH
contexts
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https://www.genome.gov/about-genomics/fact-sheets/Sequencing-Human-Genome-cost

Cost and time efficient

https://www.genome.gov/about-genomics/fact-sheets/Sequencing-Human-Genome-cost
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Exome sequencing is revolutionizing Mendelian disease gene identification. This results in improved clinical
diagnosis, more accurate genotype-phenotype correlations and new insights into the role of rare genomic
variation in disease

High resolution - Mendelian disease genes from exome sequencing

Gilissen et al. Genome 
Biology 2011, 12:228 



Dr. Vipin Singh

NGS based diagnostics - Targeted gene sequencing panels

Targeted gene sequencing panels - Focused panels contain a select set of genes or gene
regions that have known or suspected associations with the disease or phenotype under
study. Gene panels can be purchased with preselected content or custom designed to include
genomic regions of interest.

Targeted gene sequencing also produces a smaller, more manageable data set compared to
broader approaches such as whole-genome sequencing, making analysis easier.

Multiple genes can be assessed across many samples in parallel, saving time and reducing
costs associated with running multiple separate assays.
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Metagenomics 

This technology — genomics on a huge scale — enables a survey of the different microorganisms present in a specific environment,
such as water or soil, to be carried out.

By integrating the information gleaned with information about biological functions within the community, the structure of microbial
communities can potentially be probed.

Helps identify massive uncultured microbial diversity present in the environment to provide new molecules for therapeutic and
biotechnological applications

Metagenomics (Environmental Genomics or Community Genomics) is the studyof genomes recovered from environmental
samples without the need for culturing them (cultured fraction represents only 1% of biodiversity)

Metagenomics: DNA sequencing of 
environmental samples
•Susannah Green Tringe & Edward M. Rubin
Nature Reviews Genetics,6,805–814(2005)
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Microbiome project 

Microbiome numbers an order of magnitude higher than total number of human cells

Many microbial interactions endow or enhance human physiology including development, nutrition, immunity 
and resistance to pathogens

Majority of the human microbiome is largely unknown – 250+ healthy human samples

Earth microbiome project

To systematically approach the problem of characterizing microbial life on earth

Explore microbes in  environmental para space

Define microbial community structure and the protein universe

Human microbiome project
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Genome Sequencing Milestones 

http://www.nature.com/doifinder/10.1038/nature24286

http://www.nature.com/doifinder/10.1038/nature24286
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Largest genome ever sequenced  

Scientists have decoded the 
genome of the axolotl, the 

Mexican amphibian.

It has 32 billion base pairs, which makes it ten times the size of the human
genome

Sergej Nowoshilow. Nature, 554, 50–55(2018)
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Desired skill set

NGS Data is typically Big Data and requires computational and data analytics skills

Perl/ Python (Python is preferred)

R / Matlab

Biostatistics

Awk

Picard, SAMtools, Bedtools, Bismark(for BS Seq data)

Familiarity with Unix and Linux and High Performance Computing
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Google ‘vipin’s classroom’
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Thank you !!!


