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Un topo à partir de deux topos complémentaires 
Présentés lors de l’Assemblée Générale de SeqOccIn

Métabarcoding Métagénomique



Metabarcoding
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Metabarcoding & Metagenomic

Microbiota DNA

Amplicon sequencing

Penland et al., 2021

Metabarcoding
Who’s here ?

Whole genome sequencing

Metagenomic
What can they do ?
Who can do what ?

Xu et al., 2021
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What is metabarcoding?

• Some DNA fragments are highly conserved within a species and variable between species. These are 
the genetic markers or barcodes.

• Metabarcoding, by identifying barcodes through sequencing, allows blind identification of all species 
present in a sample at once.

Community analysis Amplicon sequencing
Bioinformatics 

process

Diversity 
characterisationDNA extraction

Barcode 
amplification
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rRNA genes– metabarcoding using short reads or long reads

• A 16S region → with short reads

• The full 16S → with long reads

• The full 16S-23S operon → with long reads
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16S analysis using short reads & long reads

Secondary structure of 
the 16S rRNA of 
Escherichia coli

V3

V4

V6
V7

V8

V9

V1

V2

V5
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Median of the number of 16S rRNA copies in 3,070 bacterial 
species according to data reported in rrnDB database - 2018

2022:
Bacillus megaterium entre 1 à 21 copies 
selon les souches (médiane à 13)
Photobacterium damselae  entre 15 et 21 
copie selon les souches (médiane à 17)

16S rRNA is not unique in all bacteria
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Biological matrices used in the project

8 bacterias (3 Gram- et 5 Gram+)

✔ Pig feces (hard to extract, inhibitors)✔ Bacteria mock (ZymoBIOMICS)  

32 feces sample from 16 individuals (GenPhySE) exposed 
or not to mycotoxine Fumonisin B1

✔ MiSeq 16S data available
✔ Illumina Shotgun data available

✔ DNA mock (ZymoBIOMICS): artificial mix 
of DNA from individualy extracted strain
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Protocol optimisation using PacBio Hifi reads



11

Results: affiliation of OTUs from metabarcodes with different
targets on mock community

The longer the barcode, 
the more specific the 
description of the simple 
community

Theoretical 
abundance
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Results: Affiliation of OTUs from metabarcodes
with different targets on 32 feces samples

16S

16S23S

16S23S
multi_DB

The longer the barcode, the 
more specific the 
description of the complex
community
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Conclusion sur l’apport des Longs Fragments au métabarcoding

• L’utilisation du séquençage Longs Fragments donne une meilleure 
détermination des espèces présentes
• 16 S assignation plus précise que V3-V4

• 16S-23S a priori encore plus précis

• La représentativité des bases de données est critique

• L’utilisation de plusieurs bases de données peut être une solution

• Suggestion :
• Faire du 16S-23S, car ce n’est pas plus cher que 16S seul, et l’on peut toujours extraire le 

16S seul dans un premier temps

• En terme de couts, c’est quand même plutôt 4 fois plus cher que les courts 
fragments (10-20 k lectures par échantillon contre plutôt 30 k en V3-V4)



Whole metagenomics
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Mocks assembly are very good with HiFi reads
Mock bact
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Illumina : 68M PE150

Metaflye

HiCanu

Hifiasm-meta

MetaSPAdes Illumina 
(Maxime Manno, get-plage, get-IT)

Yeast sequenced 
at 2-5X

Bacteria sequenced 
at 100-200X
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Assembly size increases with higher sequencing depth
Feces sample 8

Percentage of read mapping the assembly

Higher sequencing depth increases:
● size of assembly
● representativity of the data into the 

assembly (% read mapping the 
assembly)
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Main steps of the analysis

• Quality check / cleaning / search for potential contamination

• Assembly        contigs

• Genes annotation

• Quantification via reads mapping

• Databank choice (generalist or specific)

• Taxonomic profiles from contigs

• Functional profiles

• Binning        MAGs (Metagenome-Assembled Genome)

• Bins taxonomic affiliation

If an assembly of reads is produced

contigs

MAGs 
Binning
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Two Binning methods used
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Contigs’ binning on sample 8 assemblies
Thanks to Andreea Dreau for her help to try to understand results

We need to dig 
further to 

understand

Completeness Contamination

> 90 % < 5%

> 50 % < 10%

> 10 %
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Overall conclusion on the use of Hifi reads in metagenomics

HiFi reads:

• Allow more contiguous assemblies than short reads. 

• Are able to span repeated regions. 

• Induce a higher sequencing cost, but provide a high quality capture of the 
sample diversity.

• On the mock, the taxonomic profile is similar to what is expected. 

• The binning with the currently available tools requires improvements.

• En Illumina plutôt 100 M lectures, en Pacbio plutôt 1 SMRT pour 4M lectures  



Two slides to end
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Shallow sequencing

Shallow sequencing = sequence sample at a very low coverage

Shallow sequencing seems very promising: 
✔ Cost
✔ Robustness

Tissue A Tissue B
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Metagenomics Data produced for SeqOccIn project

Metabarcoding PacBio HiFi:
✔ 9 SMRT cells
✔ 65 Gb HiFi data

Shotgun PacBio HiFi:
✔ 14 SMRT cells
✔ 185 Gb HiFi data

Shallow Illumina NovaSeq 6000:
✔ 1 SP lane
✔ 145 Gb data

Holopig project (WGS HiFi):
✔ 12 SMRT cells (19 to be done)

Magics project (WGS HiFi):
✔ 8 SMRTcells (to be done)

Porcmicrob (Metabarcoding):
✔ 360 samples (to be done)
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