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Introduction: Evolution of sequencing methods

Ref: Lin, B.; Hui, J.; Mao, H. Nanopore Technology and Its Applications in Gene Sequencing. Biosensors 2021, 11, 214. https://doi.org/10.3390/bios11070214.



Introduction: Next-Generation sequencing

Ref: https://microbenotes.com/next-generation-sequencing-ngs/



Introduction: Illumina sequencing

Ref: https://microbenotes.com/next-generation-sequencing-ngs/



Introduction: Nanopore sequencing

Ref: Wang, Y., Zhao, Y., Bollas, A. et al. Nanopore sequencing technology, bioinformatics and applications. Nat Biotechnol 39, 1348–1365 (2021). https://doi.org/10.1038/s41587-021-01108-x



Short read vs long read sequencing

Ref: van Dijk EL, Jaszczyszyn Y, Naquin D, Thermes C. The Third Revolution in Sequencing Technology. Trends Genet. 2018 Sep;34(9):666-681. doi: 10.1016/j.tig.2018.05.008. Epub 2018 Jun 22. PMID: 29941292.



Pros and cons of Nanopore sequencing

• Long reads => complete genome coverage & assembly possible
• Fast => Data-analysis possible in real-time
• Relatively low cost
• Scalable
• No amplification or labeling

• Lower accuracy than Illumina or Sanger sequencing

Pros

Cons



Cost of Nanopore vs Illumina sequencing

Illumina

Nanopore



Nanopore: tackling the accuracy problem

Ref: Lin, B.; Hui, J.; Mao, H. Nanopore Technology and Its Applications in Gene Sequencing. Biosensors 2021, 11, 214. https://doi.org/10.3390/bios11070214.



Nanopore: tackling the accuracy problem

Duplex sequencing => Q30 (99,9% accuracy), but 5x slower



Adaptive sampling: finding the needle in the haystack

Ref: https://nanoporetech.com/sites/default/files/s3/white-
papers/Cancer-research-white-paper.pdf



Overview of Nanopore devices

Ref: https://nanoporetech.com/sites/default/files/s3/white-
papers/Cancer-research-white-paper.pdf



Applications of Nanopore sequencing in Microbiology

Ref: Chiu CY, Miller SA. Clinical metagenomics. Nat Rev Genet. 2019 Jun;20(6):341-355. doi: 10.1038/s41576-019-0113-7. 



Applications of Nanopore sequencing in Microbiology

Ref: Chiu CY, Miller SA. Clinical metagenomics. Nat Rev Genet. 2019 Jun;20(6):341-355. doi: 10.1038/s41576-019-0113-7. 



Applications of Nanopore sequencing in Microbiology

Ref: Greninger et al. Genome Medicine (2015) 7:99  DOI 10.1186/s13073-015-0220-9.



Applications of Nanopore sequencing in Oncology

Ref: https://nanoporetech.com/sites/default/files/s3/white-papers/Cancer-research-white-paper.pdf



Applications of Nanopore sequencing in Oncology

Ref: https://nanoporetech.com/sites/default/files/s3/white-papers/Cancer-research-white-paper.pdf



Applications of Nanopore sequencing in Oncology

Ref:Qiu, H., Sarathy, A., Schulten, K. et al. Detection and mapping of DNA methylation with 2D material nanopores. npj 2D Mater Appl 1, 3 (2017). https://doi.org/10.1038/s41699-017-0005-7. 



Applications of Nanopore sequencing in Oncology



Applications of Nanopore sequencing in Oncology

Ref: Vermeulen, C., Pagès-Gallego, M., Kester, L. et al. Ultra-fast 
deep-learned CNS tumour classification during surgery. Nature 622, 
842–849 (2023). https://doi.org/10.1038/s41586-023-06615-2
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Applications of Nanopore sequencing in Oncology

Ref: Vermeulen, C., Pagès-Gallego, M., Kester, L. et al. Ultra-fast 
deep-learned CNS tumour classification during surgery. Nature 622, 
842–849 (2023). https://doi.org/10.1038/s41586-023-06615-2



Getting started with Nanopore sequencing

• Invest in the right type of sequencer and PC for your needs!
MinION Mk1D IT requirements



Loading the Nanopore flow cell



Loading the Nanopore flow cell



Loading the Nanopore flow cell



Set-up your own experiment

• Amplicon-based? => Native barcoding kit or Ligation sequencing kit (barcoded primers)

• Untargeted approach => Rapid barcoding kit

• Ready to use (including primers, barcodes & adapters) => 16S Barcoding kit



Set-up your own experiment



Hereditary cancer panel (HCP): native barcoding



Hereditary cancer panel (HCP): native barcoding



Hereditary cancer panel (HCP): adaptive sampling



Hereditary cancer panel (HCP): adaptive sampling



Hereditary cancer panel (HCP): native barcoding



Set-up your own experiment: SARS-CoV-2 WGS



Set-up your own experiment: SARS-CoV-2 WGS



Set-up your own experiment: rapid barcoding



Set-up your own experiment: rapid barcoding: 
bacterial WGS

• 1 contig (ca. 7.4 Mbp)
• No plasmids



Bacterial WGS: ONT vs Illumina via BugSeq



Potential effect of methylation on ONT basecalling 



Results: ONT vs Illumina via MBioSEQ Ridom Typer

MBioSEQ Ridom Typer masks ambiguous positions in core
genome genes that are indicative to contain methylation related
sequencing errors via a proprietary ONT-cgMLST-Polisher

Results confirmed by AZ Delta (Patrick Descheemaeker)



Set-up your own experiment: rapid PCR barcoding



Set-up your own experiment: rapid PCR barcoding

Shotgun metagenomics



Set-up your own experiment: rapid PCR barcoding

Shotgun metagenomics



Set-up your own experiment: 16S/ITS sequencing
Microbial Amplicon Barcoding kit (SQK-MAB114.24) => also custom primers!



Set-up your own experiment: 16S sequencing

16S NGS on clinical samples

Sample spiking (ZymoBIOMICS Spike-in Control II (Low 
Microbial Load) & ZymoBIOMICSDNA MiniprepKit)

Data analysis (EPI2ME 16S workflow (ONT) vsSpecies ID 16S 
tool 1928 Diagnostics)

16S libraryprep& sequencing (Oxford Nanopore)

<7 hours



Set-up your own experiment: 16S sequencing

Ref: Bouchiat et al. Improving the Diagnosis of Bacterial Infections: Evaluation of 16S 
rRNA Nanopore Metagenomics in Culture-Negative Samples. Front Microbiol. 2022 
Jul 14;13:943441. doi: 10.3389/fmicb.2022.943441.



Set-up your own experiment: 16S sequencing

Read counts after ~4 hours of sequencing
Flongle flow cell



Set-up your own experiment: 16S sequencing

S1 S2 S3

Sample Sample type Isolate 1 Isolate 2
K1 Varia aspiraat Moraxella lacunata /

K2 Punctievocht peritoneum/ascites Enterococcus faecalis Achromobacter insolitus 

K3 Dentaal abces Fusobacterium necrophorum Eggerthella cathenaformis

Sample Sample type Isolate Remarks

S1 Anaerobe hemocultuur Alistipes shahii 16S Sanger failed

S2 Anaerobe hemocultuur Anaerobe stam /

S3 Anaerobe hemocultuur Parvimonas micra 16S Sanger failed

16S sequencing - clinical samples

16S sequencing - strains
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Questions?
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