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2 main types of approaches

1) Amplify and sequence one base at a time

1:A   2:G   3:G  4:T   =     AGGT  

2) Amplify and count how many of the same base

1:1A  2:2G  3:1T       =     AGGT
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Second generation sequencing
• Illumina sits on 75% of the market
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BGISEQ

Illumina

Ion Torrent      

454
454

2005-2016
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Library

General library preparation steps

1.Create library molecules
2.Amplification (PCR)
3.Massive parallel sequencing (strength over Sanger)
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DNA from extract

Fragment & polish DNA
Adapters

Library molecule
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Amplification and immobilization
• Emulsion PCR (454, SOLiD, IonTorrent): Water, oil, beads, one DNA 

template/droplet
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Amplification and immobilization
• Emulsion PCR (454, SOLiD, IonTorrent): Water, oil, beads, one DNA 

template/droplet
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Bridge PCR (Illumina): One DNA 
template/cluster, primers on surface, 
grow by bridging primers
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2 main types of approaches

1) Amplify and sequence one base at a time

1:A   2:G   3:G  4:T   =     AGGT  

2) Amplify and count how many of the same base

1:1A  2:2G  3:1T       =     AGGT
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Illumina sequencing
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corporate propaganda: 
https://www.youtube.com/watch?v=HMyCqWhwB8E
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Amplicon sequencing on Illumina
• Why can’t you just fill your Illumina flow cell with amplicon libraries?
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Fluorescence detection
Illumina - Cyclic reversible termination
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Add all dNTPs labelled w. 
diff dye

Create four-color image

Cleave dye and repeat next 
cycle
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2G: Imaging handout

17

Illumina 1:________

Illumina 2:________

454:  _____________
_________________
_________________
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2G: Imaging handout Answers!
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Illumina 1:________

Illumina 2:________

454:  _____________
_________________
_________________

TOP: CATCGT
BOTTOM: CCCCCC
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Illumina: Quality deterioration

• Quality goes down
• Especially 2nd read
• Can you think of why?
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Phasing Prephasing
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Illumina: Quality deterioration

• Quality goes down
• Especially 2nd read
• Can you think of why?
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• Efficiency of 
incorporation

• Phasing

• Prephasing
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HiSeq 
2500

Illumina

Welcome
selection option

sample 1

sample 2

sample 3

     ?

     ?

     ?

Demultiplexing

23



DTU SundhedsteknologiJanuary 6th 2020 Introduction to NGS technology

NextSeq/NovaSeq
• Chemistry is not based 4 dyes (as before) but 2 dyes

– T (red), C (green), A (both) and G (none = “dark”)
– Faster processing rate and cheaper reagents
– Slightly increases error rate
– Problem with G stretches because G is not dyed
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source: Illumina
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1 dye, 2 images
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source: Illumina
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• Patterned wells
• Solves overloading flowcell
• More duplicates

Patterned flowcell
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source: Illumina
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BGI-Seq
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ssDNA -> DNA nanoballs Use silicon chips with sticky spots

Place DNBs into each spot

Sequence using ligase and 
fluorescent labeled probes
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BGI-Seq
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“These 
improvements 
drop the 
turn-around time 
from days to 
twelve hours and 
the cost for whole 
genome 
sequencing (WGS) 
from about $1000 
to $15, as well as 
increase data 
production by 
several orders of 
magnitude.”

High-throughput, low-cost and rapid DNA sequencing using surface-coating techniques
Yanzhe Qin, Stephan Koehler, Shengming Zhao, Ruibin Mai, Zhuo Liu, Hao Lu, Chengmei Xing
bioRxiv 2020.12.10.418962; doi: https://doi.org/10.1101/2020.12.10.418962

This article is a preprint and has not been certified by peer review 

https://doi.org/10.1101/2020.12.10.418962
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2 main types of approaches

1) Amplify and sequence one base at a time

1:A   2:G   3:G  4:T   =     AGGT  

2) Amplify and count how many of the same base

1:1A  2:2G  3:1T       =     AGGT
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454: Pyrosequencing
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Flow one dNTP across wells

Load template beads into 
wells

Polymerase incorporates 
nucleotide

Release of PPi leads to light

Imaging, next dNTP
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Illumina 1:________

Illumina 2:________

454:  _____________
_________________
_________________

2G: Imaging handout
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Illumina 1:________

Illumina 2:________

454:  _____________
_________________
_________________

2G: Imaging handout Answers!
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Ion Torrent
• Corporate propaganda: https://www.youtube.com/watch?v=zBPKj0mMcD
• Similar principle to 454
• Library: Emulsion PCR
• Based on semiconductors
• Detection is based on H ions (pH) changes
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AGCAATCTCAATTACAAATATACACCAACAAA

AGCAATCTCAATTACAGATATACACCAACAAA
mismatch

AGCAATCTCAATTACA-AATATACACCAACAA

AGCAATCTCAATTACACAATATACACCAACAA
insert

AGCAATCTCAATTACAAATATACACCAACAA

AGCAATCTCAATTACA-ATATACACCAACAA
deletion

Let’s remember the types of errors
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Which of the the 2 main types of approaches 
would be more prone to indels?
1) Amplify and sequence one base at a time

1:A   2:G   3:G  4:T   =     AGGT  

2) Amplify and count how many of the same base

1:1A  2:2G  3:1T       =     AGGT
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Quiz!
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Technology read length amount reads errors?

Sanger 400 to 900 bp 96 mm 0.01%

Illumina MiSeq 2x 200-300bp 20-30 M per flow cell mm 0.1-0.2%

Illumina HiSeq 2x 100-150bp ~2G per flow cell mm 0.1-0.2%

Illumina NovaSeq 2x 100-150bp ~6-10G per flow cell mm 0.1%?

Ion Torrent ~200-400 bp 5-50M reads indel 0.46 to 2.4%
36
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sample 1

sample 2

sample 3

Multiplexing
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sample 1

sample 2

sample 3
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sample 1

sample 2

sample 3

HiSeq 
2500

Illumina

Welcome
selection option
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1977  1980  1983  1986  1989  1992  1995  1998  2001  2004  2007  2010  2013  2016  2019  

454

Illumina

SOLiD

BGI

PacBio

Ion Torrent
Oxford 
Nanopore

Sanger
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3rd generation
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3rd generation
• Single-molecule sequencing
• No amplification -> less bias -> observations are more independent
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Helicos PacBio Oxford Nanopore
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Oxford Nanopore
• Literal nanopores
• Current per base
• Non-random errors
• https://www.youtube.com/watch?v=RcP85JHLmnI
• Very high error rate
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“If a nanopore was the size of a fist, a 1MB strand of 
DNA passing through that nanopore would be 2 
miles (3.2 km) long” 
-Adam Philippy, NHGRI

https://www.youtube.com/watch?v=RcP85JHLmnI
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Oxford Nanopore

• Hairpin allows double sequencing (2D)
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Jain, M., Olsen, H.E., Paten, B. et al. The Oxford Nanopore MinION: delivery of nanopore sequencing to the genomics 
community. Genome Biol 17, 239 (2016). https://doi.org/10.1186/s13059-016-1103-0
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Cheap & mobile
• Long reads, low quality
• Low establishment and maintenance costs
• Portability
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PacBio: Single-molecule real-time (SMRT) 
sequencing
• Expensive machinery
• Not very portable
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PacBio
• Flexibility

– Long but low quality or shorter but better reads
– Robust
– https://www.youtube.com/watch?v=_lD8JyAbwEo
– New 2019: HiFi read same fragment multiple times
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Tiny wells
• 1 million wells per cell
• Hit the lights
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Technology read length amount reads errors?

Oxford Nanopore avg. 2 kbp-10 kbp ~300-500k 1D: indel+mm 20%
2D: indel+mm 7%

PacBio avg. >10kbp ~55k
indel+mm 13-15%
HiFi: indel 5%+mm 

0.1%
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2020 update: 3%-7%
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Summary
• Illumina is the current workhorse

– Great for many applications
• Long read technology

– Adding information
– Resolves difficult regions during genome assembly
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