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Brave New World of Next Generation Sequencing 
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Sanger sequencing (1977)

Human Genome Project 
1990 - 2006

Next Generation Sequencing 
mid 2000–present

= high-throughput sequencing

quicker and cheaper parallel sequencing of 
DNA and RNA



Cost of sequencing of human genome
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Sequencing as clinical tool



Next generation sequencing technologies and limitations 
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Next generation sequencing

Short-read NGS Long-read NGS

- error rates (0.1–15%) 
- read lengths (35–700 bp)

“Third-generation sequencing”“Second-generation sequencing”

Sequencing by ligation Sequencing by synthesis
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Goodwin, S., McPherson, J. D., & McCombie, W. R. (2016). Coming of age: Ten years of next-generation sequencing 
technologies. Nature Reviews Genetics, 17(6), 333–351.



Next generation sequencing technologies and limitations 
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Next generation sequencing

Short-read NGS Long-read NGS

“Third-generation sequencing”“Second-generation sequencing”

Goodwin, S., McPherson, J. D., & McCombie, W. R. (2016). Coming of age: Ten years of next-generation sequencing 
technologies. Nature Reviews Genetics, 17(6), 333–351.

Real-time long read sequencing Synthetic long-read sequencing
Pacific Biosciences 

Oxford Nanopore Technologies
Illumina 

10X Genomics

Single cell focus 
Whole molecules sequencing



Sequencing techniques
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Transcription Translation

Central dogma of molecular biology (Crick F. 1958)

Information flow

Whole genome sequencing
Whole exome sequencing RNA-Seq

Ribo-Seq
HiC-Seq

ATAC-Seq

SLAM-SeqChIP-Seq

DNA RNA

scRNA-Seq

… …



Illumina sequencing by synthesis

 7

Goodwin, S., McPherson, J. D., & McCombie, W. R. (2016). Coming of age: Ten years of next-generation sequencing 
technologies. Nature Reviews Genetics, 17(6), 333–351.

Based on the Solexa technology developed by Shankar Balasubramanian and  
David Klenerman at the University of Cambridge (1998)

Library preparation

Flow cell

1

2 3

Sequence



Illumina sequencing by synthesis
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Goodwin, S., McPherson, J. D., & McCombie, W. R. (2016). Coming of age: Ten years of next-generation sequencing 
technologies. Nature Reviews Genetics, 17(6), 333–351.

4 Sequencing using reversible terminators

5 Output: sequence saved in FASTQ format 

6 Bioinformatic analysis: quality check, alignment and data analysis



Illumina sequencing by synthesis
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https://www.youtube.com/watch?v=fCd6B5HRaZ8

https://www.youtube.com/watch?v=fCd6B5HRaZ8


Basic bioinformatic workflow
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1. Quality checks:                               FASTQC  
2. Adapters trimming/quality trimming:   Cutadapt 
3. Alignment:                     STAR/Bowtie2/BWA                
4. Analysis specific to technique used      

Day 1

RNA-Seq
Day 2-3

ChIP-Seq
Day 4

ATAC-Seq
Day 5



Multiplexing
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Source: https://www.illumina.com/science/technology/next-generation-sequencing/plan-experiments/multiplex-sequencing.html

- Multiplexing gives the ability to sequence multiple samples at the 
same time. 

- Useful when sequencing small genomes or specific genomic regions.

Different barcode adaptors are 
ligated to different samples.

Reads de-multiplexed  
after sequencing.

https://www.illumina.com/science/technology/next-generation-sequencing/plan-experiments/multiplex-sequencing.html


Sequencing data repositories
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https://www.nature.com/sdata/policies/repositoriesMore about recommended data repositories:
Data downloading: https://www.ebi.ac.uk/ena/browse/read-download  
                         https://sites.psu.edu/yuka/2016/04/07/how-to-use-sra-toolkit/ 

https://www.ebi.ac.uk/ena/browse/read-download
https://sites.psu.edu/yuka/2016/04/07/how-to-use-sra-toolkit/


Still lost?
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Bioinformatics forums and 
discussion groups:

http://seqanswers.com

https://support.bioconductor.org

https://www.biostars.org

Package manual, GitHub

Google!


