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Intended Learning Objectives

Specific objectives of this session:

1. Learn about Nanopore sequencing applied to Influenza viruses

2. Learn about Nanopore sequencing for metagenomics
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Outline

This session consists of the following elements

1. Presentation of an Influenza viruses sequencing study

2. Presentation of shotgun metagenomics studies
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Outbreak tracking of respiratory virus in 
the field (example of the Avian flu)
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Avian influenza virus
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Susan Payne, in Viruses, 
2017



Avian influenza virus
Tissue tropism of LPAIV and HPAIV
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Susan Payne, in Viruses, 2017



Avian influenza in France, 2020-2021



Avian influenza in France, 2021-2022



Avian influenza in France, 2022-2023



Avian influenza in France, 2020-2023 

2020-2021 (H5N8) 2021-2022 (H5N1) 2022-2023 (H5N1)

First outbreak 16 November 2020 26 November 2021 1st August 2022

Total outbreaks 514 1476 314

Questions to address during an influenza epizootic:
- Pathotyping (HP vs LP)
- Typing (HxNy)
- New introduction vs circulating strain
- …

Nanopore sequencing?



The spread of HPAIVs from wild birds to farms

HP H5Nx

Diffusion from farm to farm
Aerosols
Mecanical vectors

Transports
Cages
Vehicles
people

Local avifauna?

Migratory flyways



Workflow

Day 1

- Sampling

- (On-field screening)

- RNA extraction

- Influenza real-time PCR

- Influenza mPCR

Day 2

- Library prep

- Sequencing

- Bioinformatics



Influenza PCR

Cleavage site



A lab in a truck



Oxford Nanopore sequencing (3 samples)

Kit type: SQK-NBD112-24

Flow cell type: FLO-MIN106

Run duration: 1 hour 45 minutes

Reads generated: 477.13 k

Bases called: 331,72 Mb

N50: 1,02 kb

PB2 PB1 PA HA NP NA M NS



Bioinformatics

minimap2 -ax map-ont reference.fa mysample.fastq > mysample.sam

samtools sort mysample.sam > mysample.sort.bam

samtools index mysample.sort.bam

samtools flagstat mysample.sort.bam > mysample_flagstat

samtools depth mysample.sort.bam > mysample_samdepth

samtools mpileup -A -Q 0 mysample.sort.bam | ivar consensus -p prefix -q 10 -t 0 -m 1

Minimap2: Li, H. 2018
Samtools: Li, 2011
iVar: Grubaugh et al. 2019



Avian influenza outbreaks tracking 2020-2022 

2020-2021 (H5N8)

• 11 samples : tracheal swabs, feathers, dust

• CT value : 14 to 28,5

• Flongle FC

• 28 to 474Mb per sample

2021-2022 (H5N1)

• 19 samples : tracheal swabs, cloacal swabs feathers, dust

• CT value : 13 to 27

• Flongle FC

• 49 to 205Mb per sample



Outbreaks tracking 2020-2022



Pathotyping

Identification of cluster specific mutations 

Outbreaks tracking 2020-2022



Outbreaks tracking 2020-2021

à Two different outbreaks clusters



Outbreaks tracking 2021-2022



Outbreaks tracking 2021-2022 (proof of concept)

à Introductions (  ) not linked with circulating strains.



Conclusion

- Combination of mPCR with ONT: 

o Typing, pathotyping, phylogeny in <48h

o Whole genome sequencing / good seq. depth

- MK1C 😍

- (Expired) MinION Flowcell😍



Nanopore sequencing for metagenomic 
studies
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Metagenomics is:
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Metagenomics

Metagenomics aims to study the microbiome. 
Microbiome: the set of micro-organisms (bacteria, viruses, fungi, yeasts, 

plankton…) living in a specific environment (intestine, ocean, soil, air, 
etc.).

Metagenomic can be performed using 2 approaches:
– Targeted metagenomics or metabarcoding.
– Shotgun metagenomics.
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BLAST of the CSV polymerase gene



Avian myelocytomatosis virus



Fowlpox virus



Reticuloendotheliosis virus



Shotgun metagenomics, 
Example of Bat CoV sequencing
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Metagenomics analysis of bat droppings

• Sample type: bat guano 

• Wetlab:

• Nucleic acids extraction (magnetic beads, Mag Fast protocol) 

• Random amplification of RNA (SMART9N protocol - Claro et al. 2023)

• Oxford Nanopore Technologies sequencing

• In silico:

• Taxonomic sequence classification (Kraken2 - Wood et al. 2019)

• Sequence alignment (Minimap2 - Li, H. 2018)
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Total RNA

ds cDNA
(SMART9N amplification)

Examples of TapeStation results



Results

• 21 bat samples sequenced using PromethION flowcells on P2Solo device.

• 125 millions reads (64 Gigabases) with a minimum Qscore of 10.

• Size distribution, up to 1Kb

Fidelity:   90%             99%



• Taxonomic sequence classification (Kraken2, Wood et al. 2019)



• BLAST analysis to confirm taxonomic affiliation



BatCoV reference genome
(28 Kb)

Horizontal lines
=

mapping reads on the Bat CoV genome

• Sequence alignment vs reference genome

Sequencing
depth

=
100x



In summary

Oxford Nanopore Technologies sequencing:

- Can be used on the field

- Allows outbreack tracking
- Allows shotgun metagenomics studies

44



The creation of this training material was commissioned by ECDC to Institut Pasteur with the direct involvement of Guillaume Croville
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