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Human and model organisms sequencing were initially based
on the Sanger method
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Sanger shotgun sequencing was used subsequently for environmental metagenomics
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CeR 2006-2011 : Sequencing by flux changes the scale

— and cost of genomics projects

!—__—_—~ _All these methods use DNA amplification and
synthesis but with different approaches
\——-—-' —> All produced short reads (100s bp)
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CLa llumina Sequencing by Synthesis
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Very high throughput
Low error rate (<1%)
Short read length
High turnover time



Technological improvements at all scales are routine

— every year
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Sequencing by flux for Metagenomics

Deep coverage of complex microbial communities
High fragmentation of the individual species genomes

Method is efficient at building gene catalogues
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Cea Sequencing by flux for Metagenomics

Short-read sequencing brings opportunity to compare microbiome
samples for gene content, but genomic context would be
valuable to better interpret the data

Bioinformatics methods have been established to reconstruct
genome fragments from metagenomes ... -

nature
biotechnology

Identification and assembly of genomes and genetic
elements in complex metagenomic samples without
using reference genomes

e

In the absence of exhaustive reference genomes for uncultured
microbes, high-continuity assemblies are requested from
environmental shotgun data



Cea Recent trends : back to high continuity
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Long reads or re-phased short reads



Synthetic long reads (« moleculo » approach)

FastTrack Long Reads informatics Pipeline
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From 2011 : Real-time single molecule
sequencing
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Minlon : Improving accuracy

1D 2D

R7 @ 70 b/s

HMM “

il “ II
60 65 70 75 80 85 90 €5 100
1D 2D

R9 @ 250 b/s = =

RNN

..nlnll .L.Il”“ |I|
75 80 85 20 95

% Accuracy

100



MIXING SHORT AND LONG READS FOR OPTIMIZED

— GENOME ASSEMBLIES

Long but error-prone sequences can be complemented by
short accurate reads

Long reads provide continuity

Short reads may be used to correct or to re-assemble
sequences based on the long reads
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LONG READ TECHNOLOGIES AND METAGENOMICS

Still little use of long reads for complex metagenomes

Proof of concept for usefulness in reconstituting large
genome regions from metagenome data

Main constraint is cost, particularly for studies with high
sample numbers

Bioinformatic tools for metagenomic assemblies are still
underdeveloped for long error-prone sequences



Sequencing technologies : read length and throughput
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Evolution of sequencing costs

Cost per Raw Megabase of DNA Sequence

Moore's Law

Oxford Nanopore Technologies
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NEW APPLICATIONS OF SHORT-READ HIGH-THROUGHPUT [EPSe8

SEQUENCING

Sequencing complex microbiomes to
near-completion ?



Deciphering the microbial gene
content of the surface oceans at
palnetary scale

% 2012 — N. Le Bescot - F. Not / EPPO / SB Roscoff / CNRS



Ocean eco-systems biology

68 stations 7.2 Tbp DNA data
* 3 depths in the context of
e 243 samples the environment




The microbial gene content of the

open ocean
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Estimated diversity : 37,000 OTUs (97%)

S. Sunagawa et al.




CONCLUSION :

C2A  SPECIES AND GENE CONTENT OE A COMPLEX

ECOSYSTEM

... can be described using short-read massive seguencing
for prokaryotes and viruses

The eukaryote gene content is the next target

Reconstructing genome context may be helped by new
long read technologies
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