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Current applications of ONT sequencing

ONT have a lot of resources 
on their website
• Linking to new original 

papers
• Nanopore reports (White 

papers)
• Protocols and workflows
• Webinars 

• https://nanoporetech.com/
about/events

https://nanoporetech.com/resource-centre

https://nanoporetech.com/about/events
https://nanoporetech.com/about/events
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Current applications of ONT sequencing

Broad range of applications

• DNA/RNA

• Transcriptomics

• Metagenomics

• Single-cell sequencing

• Single-cell transcriptomics

• ….

Nanopore Tech. have a lot of resources on 
their website
• Linking to new original papers
• Nanopore reports (White papers)
• Protocols and workflows
• Webinars
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Current applications of ONT sequences

Broad range of applications

• Diagnostics

• AMR analysis

• Plasmid analysis

• Outbreak detection
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Diagnostics

Single isolate sequencing

Community sequencing

• Metagenomics 

• Direct specimen testing

• Wastewater surveillance

ONT White Papers 

and publications:



Portable sequencing

doi: 10.1093/gigascience/giy033

Malaria genomic surveillance using nanopore sequencing: 
Shifting the focus into endemic countries

https://communities.springernature.com/amp/posts/malaria-
genomic-surveillance-using-nanopore-sequencing-shifting-the-
focus-into-endemic-countries

doi: https://doi.org/10.1101/2022.12.20.521122

The study was based at two sites in Ghana, west Africa, with contrasting 
epidemiology: the capital, Accra, and Navrongo, a rural town located in 
northern Ghana.

Real-time DNA barcoding in a rainforest using nanopore 
sequencing: opportunities for rapid biodiversity assessments and 
local capacity building

We demonstrate that nanopore sequencing can be implemented in a remote 
tropical forest to quickly and accurately identify species using DNA barcoding, as 
we generated consensus sequences for species resolution with an accuracy of 
>99% in less than 24 hours after collecting specimens.

In case of allegations of an intentional cause for a biological threat or 

disease outbreak, an investigation for verification purposes needs to be 
able to discriminate between a deliberate release of an agent and the 
natural background – and rapidly! 

https://communities.springernature.com/amp/posts/malaria-genomic-surveillance-using-nanopore-sequencing-shifting-the-focus-into-endemic-countries
https://communities.springernature.com/amp/posts/malaria-genomic-surveillance-using-nanopore-sequencing-shifting-the-focus-into-endemic-countries
https://communities.springernature.com/amp/posts/malaria-genomic-surveillance-using-nanopore-sequencing-shifting-the-focus-into-endemic-countries




Diagnostics using portable sequencing - example

https://doi.org/10.1016/j.heliyon.2023.e17439

https://doi.org/10.1016/j.heliyon.2023.e17439


Diagnostics using portable sequencing – example
Faecal microbiota 

*Fast response

-Species ID

-Virulence factors

-AMR genes

*High resolution!

-Non-culturable

-Low abundance



Metagenomics for diagnostics

Respiratory metagenomics (RMg) holds promise as a first-
line diagnostic test for lower respiratory tract infections. 

In principle, it rapidly detects all potential pathogens along 
with antimicrobial resistance determinants and provides 
sequence typing for infection control or public health 
actions.

Fastidious or unexpected 

organisms were reported in 21 
samples including anaerobes 
(n=12) 

Mycobacterium tuberculosis, 
Tropheryma whipplei

Cytomegalovirus 
Legionella pneumophila 
ST1326 

Staphylococcus aureus, 
Streptococcus pyogenes, 

S. dysgalactiae subspecies 
equisimilis
Aspergillus fumigatus



Metagenomics
pilot study

During the first 15-weeks RMg provided same-
day results for 110 samples (86%) with 
median turnaround time of 6.7hrs 

RMg was 93% sensitive and 81% specific for 
clinically-relevant pathogens compared with 
routine testing. 

48% of RMg results informed antimicrobial 
prescribing changes (22% escalation; 26% 
de-escalation) with escalation based on 
speciation in 20/24 cases and detection of 
acquired-resistance genes in 4/24 cases

https://doi.org/10.1164/rccm.202305-0901OC



AMR analysis - plasmids

Advantages
• Fast answer 

• Real-time 
sequencing

• Full genome 
assembly

• Full plasmid 
assembly

https://doi.org/10.1101/2023.10.25.563907 doi: 10.1093/gigascience/gix132



Plasmid analysis – ONT only

Before – Illumina/Sanger sequencing

• high-quality plasmid sequence is achieved through capillary-based sequencing, requiring 
customized sets of primers for each plasmid

https://doi.org/10.1186/s12859-023-05226-y



More accurate assemblies

Hybrid assemblies using both short-read and long-read sequences

• Using short reads with high accurracy and long reads with long contigs to 
improve assemblies
• E.g. short-read- first assembler, Unicycler

• Using the long contigs of ONT and then do proof-reading with Illumina (or 
other short read technology)

• Using long reads only



Plasmid hybrid assembly

https://doi.org/10.1016/j.ygeno.2019.04.006

Requires both short-read and 

long-read sequences



Plasmid hybrid assembly approaches

We benchmarked the hybrid assembly approaches of 

MaSuRCA, SPAdes, and Unicycler

for bacterial pathogens using Illumina and Oxford Nanopore 
sequencing by determining genome completeness and accuracy, 
antimicrobial resistance (AMR), virulence potential, multilocus
sequence typing (MLST), phylogeny, and pan genome

https://doi.org/10.1186/s12864-020-07041-8



Comparison of ONT library preps

Oxford Nanopore Technologies (ONT) sequencing platforms currently offer two 
approaches to whole-genome native-DNA library preparation: ligation and rapid. 

Comparison of these two approaches for assessing their ability to recover small plasmid 
sequences. 

DNA sequenced from seven plasmid-rich bacterial isolates in three different ways: 
• ONT ligation, ONT rapid and Illumina. 

Using the Illumina read depths to approximate true plasmid abundance
• small plasmids (<20 kbp) were underrepresented in ONT ligation read sets but were not 

underrepresented in ONT rapid read sets. 

- Smallest plasmids being the most underrepresented in ONT ligation read 

sets.
- Lower rates of chimaeric reads in the rapid read sets relative to 

ligation read sets. 

- When small plasmid recovery is important, ONT rapid library 
preparations are preferable to ligation-based protocols

DOI: 10.1099/mgen.0.000631



Plasmids, plasmids, plasmids…



Outbreak investigation with ONT

ONT applied to 

• produce complete reference sequences

• cluster detection

To utilize long-read nanopore sequencing 
(R10.4.1 flowcells) for WGS of a cluster of 
MDR Shigella sonnei, specifically characterizing 
genetic predictors of
antimicrobial resistance

https://doi.org/10.1093/jac/dkad346



Outbreak investigation with ONT

Detection of AMR genes AND 
chromosomal mutations

Cluster isolates were 
resistant to:

ampicillin (blaTEM-1) 
trimethoprim/sulfamethoxa

zole 
(dfA1, dfrA17; sul1, sul2), 

azithromycin (ermB, mphA) 
ciprofloxacin 

(gyrA S83L, gyrA D87G, parC
S80I)

J Antimicrob Chemother, dkad346, https://doi.org/10.1093/jac/dkad346

The content of this slide may be subject to copyright: please see the slide notes for details.

Figure 1. Phylogenetic tree of Shigella sonnei isolated in our 

laboratory during the study period, including genomic ...

https://doi.org/10.1093/jac/dkad346


Salmonella serotyping from colony in 10-20 h
https://a.storyblok.com/f/196663/x/2df59a9d4c/overview-direct-from-colony-microbial-
sequencing-salmonella.pdfDirect and fast serotyping:

• No DNA extraction

• Multiplex up to 24 samples 

• EPI2ME analysis integrated with SeqSero2

https://a.storyblok.com/f/196663/x/2df59a9d4c/overview-direct-from-colony-microbial-sequencing-salmonella.pdf
https://a.storyblok.com/f/196663/x/2df59a9d4c/overview-direct-from-colony-microbial-sequencing-salmonella.pdf


Polyspecies and quasimetagenomics

Polyspecies example:

16S rRNA profiling for species ID also 
from complex samples

• Faecal/Caecal

• Food

• Soil/environment

Quasimetagenomics

• (Semi-)selective enrichment and 
targeted immonumagnetic
separation beads

• Genome assemblies

• Also applied for e.g. 
wash water from 
vegetables 



Polyspecies/community and method optimization

Testing different library preps, primers (16S rRNA) and base calling

https://doi.org/10.3390/ijms252312603



Fast genomic ID and typing

Avoid traditional selctive enrichment, isolation and typing

Helpful for farms and food industry to 
• Confirm presence/absence of specific bacteria

• find re-occuring problems

• Measure the effects of desinfection and interventions 

Saving time and 

money!!

https://nanoporetech.com/resource-centre/advancements-in-nanopore-sequencing-for-enhanced-food-safety-

and-quality-assurance



Cultural enrichment adds a bias 

Using selective enrichment from food or 
faecal samples

• Typically one isolate per sample

• Risk of overlooking important isolates

• Adaptive sampling and shotgun 
sequencing

• No need for culture enrichment, 
enabling faster investigations and 
facilitating precise pathogen 
characterization

• More efficient and targeted analysis of 
microbial communities

https://doi.org/10.3389/fmicb.2024.1330814

https://doi.org/10.3389/fmicb.2024.1330814


Can ONT sequencing replace Illumina?

PH CPE/MRSA study
group
• Approx 350 MDRO

• Klebsiella pneumoniae
• E. coli
• Enterobacter cloacae

compl.
• Citrobacter freundii
• Ps. aeruginosa
• A. baumannii
• MRSA

• MLST, wgMLST, SNP 
analysis, AMR genes, 
MRSA typing

https://doi.org/10.1186/s13073-024-01412-6

• The wgMLST profiles obtained by long-read and short-read WGS differed only 

one to nine wgMLST alleles or SNPs 

• P. aeruginosa more problematic 

• AMR genes were detected in long-read sequencing data with high 
sensitivity/specificity (92–100%/99–100%)

• Outbreak detection  for MRSA succeeded



Nanopore-only Microbial Isolate Sequencing Solution 
(NO-MISS)

https://nanoporetech.com/document/no-miss-isolate-sequencing-rapid-barcoding-v14



This technology is now being piloted to 
investigate and prevent hospital 
outbreaks caused by antibiotic-resistant 
‘superbugs’ — a growing global threat.

doi.org/10.3389/fcimb.2025.1517208

https://www.gov.uk/government/news/new-study-shows-

mhra-collaboration-with-hospital-dna-sequencing-service-
cuts-time-to-diagnose-infections

https://doi.org/10.3389/fcimb.2025.1517208
https://www.gov.uk/government/news/new-study-shows-mhra-collaboration-with-hospital-dna-sequencing-service-cuts-time-to-diagnose-infections
https://www.gov.uk/government/news/new-study-shows-mhra-collaboration-with-hospital-dna-sequencing-service-cuts-time-to-diagnose-infections
https://www.gov.uk/government/news/new-study-shows-mhra-collaboration-with-hospital-dna-sequencing-service-cuts-time-to-diagnose-infections


Beyond DNA sequencing

applications of nanopores in 
• molecular sensing and 

sequencing, chemical catalysis 
and biophysical 
characterization. 

• single-protein analysis and 
sequencing, single-molecule 
covalent chemistry, 

• clinical sensing applications for 
single-molecule liquid biopsy, 

• synthetic biomimetic nanopores 
as experimental models for 
natural systems.

https://doi.org/10.1038/s41565-022-01193-2



Links for resources and literature:

Links for resources and literature:

Nanopore protocols, white papers and overview of publications etc:

https://nanoporetech.com/resource-centre

Webinars

https://nanoporetech.com/resource-centre/webinar-onramp-rapid-multiplexed-validation-plasmids-using-nanopore-sequencing

https://nanoporetech.com/resource-centre/webinar-onramp-rapid-multiplexed-validation-plasmids-using-nanopore-sequencing

Papers mentioned:

https://doi.org/10.3390/ijms252312603

https://doi.org/10.3389/fmicb.2024.1330814

https://doi.org/10.1186/s13073-024-01412-6

https://doi.org/10.1016/j.ygeno.2019.04.006

https://doi.org/10.1101/2023.10.25.563907

doi: 10.1093/gigascience/gix132

https://doi.org/10.1186/s12859-023-05226-y

doi:10.1099/mgen.0.001024

doi: 10.1099/mgen.0.000631

https://nanoporetech.com/resource-centre
https://nanoporetech.com/resource-centre/webinar-onramp-rapid-multiplexed-validation-plasmids-using-nanopore-sequencing
https://nanoporetech.com/resource-centre/webinar-onramp-rapid-multiplexed-validation-plasmids-using-nanopore-sequencing
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https://doi.org/10.1186/s12859-023-05226-y
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