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Nanopore Technology

Nanopore sequencing utilizes 
interruptions in electrical (resistance) 
current to identify the sequence of a 
nucleic acid when it more through a 

pore. 

Lu et al. https://doi.org/10.1016/j.gpb.2016.05.004

https://doi.org/10.1016/j.gpb.2016.05.004


Nanopore Seq: Details

Jain, M. et al. Nature methods, doi:10.1038/nmeth.3290 (2015). 

Karamitros. Methods in molecular biology,)
10.1007/978-1-4939-7514-3_4. 

https://labiotech.eu/medical/ngs-selective-nanopore-minion/

https://doi.org/10.1007/978-1-4939-7514-3_4
https://labiotech.eu/medical/ngs-selective-nanopore-minion/


Assessment of new sequencing technology

• Benefits
• How is the technology best utilized?

• What question do you want to answer?

• Validation
• Accuracy- New sequencing chemistry/process, how does that effect the 

error?

• What is the instrument measuring? How may that impact the error?

• Library construction?

• Assembly effects?



MinION Portability and field use



Expectation…



MinION

Computer

Shaker with 
USB mouse 
for keeping 
computer 

awake

External hard drive for 
read storage in case of 

loss of connection

• Painfully slow 
Data Transfer

• Base calling 
quintuples the 
size of the data

• Chemistry not 
stable

• Base calling 
keeps changing

• Instrument may 
or may not want 
to initialize to the 
computer

vs Reality



Homopolymer error

HA

M

MinION struggles with strings of the same base AAAAA, TTTTT, etc.  Often has very 
high Indel error in individual reads which can impair quality of the consensus!



TAC → Tyrosine: 
Oseltamivir Resistant

CAC → Histidine: 
Oseltamivir Susceptible

H275Y

Median Q score ~10
• Not great for variant 

detection
• Evidence for some 

confidence on single base 
accuracy on consensus 



Coverage necessary 
for obtaining reliable 
consensus



Improvements in read quality

Genome Biology 19(1) · December 2018

https://www.researchgate.net/journal/1474-760X_Genome_biology


Other issues

• Ever changing basecaller

• Ever changing chemistry

• Inconsistent quality in flow cells 

• High error

• Connectivity issues

• Changing directory structure

• Etc…



Benefits of Nanopore sequencing



Base specific chemical degradation

5S rRNA
121 nt

32P

5’

Peattie. PNAS (1979)

“Most of the chemical reagents are hazardous and 
should be treated with due caution”

RNA sequencing

The hard way The cDNA way

RNA cDNA NGS

Wang, et al. Nature Reviews (2009)

Much of what we know about RNA biology 
is seen through a cDNA lens

RNA-Seq



Base specific chemical degradation

5S rRNA
121 nt

32P

5’

Peattie. PNAS (1979)

“Most of the chemical reagents are hazardous and 
should be treated with due caution”

The indirect way

RNA

Ozsolak. Nature (2009)
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RNA sequencing

The hard way



Nanopore 
sequencing

Direct RNA sequencing measures 
the molecule of interest itself

RNA sequencing

The nanopore way

RNA

Direct RNA

Adapter
Ligation



TTTTTTTTTT

Adapter

1) Reverse Transcriptase Adapter Ligation

AAAAAAAAAA

AAAAAAAAAA
TTTTTTTTTT

AAAAAAAAAA
TTTTTTTTTT

TTTTTTTTTT
AAAAAAAAAA

Enolase mRNA: 500 ng in 9.5 µL

2) cDNA Elongation

3) Sequencing adapter ligation

4) Nanopore Sequencing

The RNA strand is pulled through 
the pore and measured directly

Direct RNA sequencing

Nanopore Workflow



Direct RNA sequencing

Enolase mRNA results
TTTTTTTTTT

AAAAAAAAAA

To Pore

How can this technology be applied 
to influenza viral RNA?

Consensus Sequence

Coverage 100%

Identity 99.7%

Coverage

Read Length

Length

R
ea

d
s

Enolase: 1315 



AGC RAA AGC AGG

Flu adapter

1) Adapter Ligation

UCG YUU UCG UCC

UCG YUU UCG UCC
AGC RAA AGC AGG

UCG YUU UCG UCC
AGC RAA AGC AGG

AGC RAA AGC AGG
UCG YUU UCG UCC

vRNA: 500 ng in 9.5 µL

2) cDNA Elongation

3) Sequencing adapter ligation

4) Nanopore Sequencing

Direct RNA sequencing

Workflow modification
3’-UCG YUU UCG UCC   GG AAC AAA GAU GA-5’

Influenza A viral RNA genome

Uni 12 Uni 13



Crude

AGC RAA AGC AGG
UCG YUU UCG UCC

MinION direct RNA

Crude virus sequencing results

The modified strategy can target vRNA
from a crude extract

Length

R
ea

d
s

NS: 890 

M: 1027
NA: 1413

NP: 1565

HA: 1778
PA: 2233

PB2: 2341

PB1: 2341

Read Length
Segment: actual length

Coverage

Consensus Sequence

Coverage 100%

Identity 99%



Pure (Flu) Crude (Flu) Control (Enolase) Pure (Flu) Crude (Flu)

Total Reads (QC passed) 163,264 143,572 72,977 66,854 54,353

MiSeq cDNA & MinION direct RNA

Reads and accuracy

% Mapped Reads 99.9% 99.9% 95% 99.3% 98.8%

Read Direction 50/50 50/50 100% (+) 100% (-) 100% (-)

Read Accuracy 99.6% 99.6% 90% 85% 86%

Consensus Identity ≡100% ≡100% 99.7% 99% 99%



A/Florida/20/2018 (H1N1pdm09) 

A/Texas/50/2012 (H3N2) A/British Columbia/1/2015 (LPAI H7N9) 

A/chicken Ghana/20/2015 (HPAI H5N1) 



RNA Extraction
TruTip

30 minutes

Barcoding and 
Library Prep

1.5 hours

MRT-PCR
SSIV/Q5

1.5 hours

Albacore
Basecalling &

demultiplexing

Mobile Influenza Analysis (Mia): Rapid and Portable

Concurrent
Analysis

1-12 hours

Dell 7720 – Intel Xeon 3-GHz x 8 cores
62 GB Ram
1 TB Linux Partition Ubuntu 16.04
1 TB Windows Partition

SQLite + 
R shiny

4000 
reads per 
directory

fastqAssemblies

•Coverage
• Fast tree
• Local Blast
•CVV table
•…

R shiny 
visualization

IRMA

SQLite

Sequencing
1-6 hours



Developing Deployable 
NGS For Outbreak 

Response 









Mia



Nanopore Sequencing Summary

• High potential 
• Fast

• Long read length

• High throughput

• RNA seq

• Portable-outbreak response

• High risk 
• Fast moving technology

• High error

• Requires significant development

• High variability in reagents

Nanopore sequencing has the potential to be a transformative but 
the platform is not stable and requires significant maintenance!


