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ENVIRONMENTAL GENOMICS

Microbes

Everywhere, but ą90% not
cultivable
Various ecological roles
(biogeochemistry, host-nutrition
and development, ...)
Live in complex communities

Worden et al, Science 2015

Electrically conductive nanowires
in Shewanella oneidensis.
Photo by R. Bencheikhand B. Arey

Chemocline bacterial community
of Lake Dagow. Overmann & van
Germeden 2000
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LAST DECADE EFFORTS: ”PLANET-SCALE” SAMPLING

Tara Oceans expeditions (sampling of marine microbiome)

But also Host-associated (Human Microbiome Project), Soil,
Oilseep, Hydrothermal...
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ENVIRONMENTAL GENOMES CAN BE ASSEMBLED

FROM METAGENOMES

Adapted from Kang et al, PeerJ 2015
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LITERATURE IS FILLED WITH NEW METAGENOME

ASSEMBLED GENOMES (MAGS)
2014

2017

2017

2017

2018
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High-quality MAGs extracted from Tara Oceans expeditions

90% completeness, ă 5% contamination
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Can we predict, characterize and explain the communities of
environmental genomes?
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CO-OCCURENCE: WHO LIVES WITH WHOM?

Tara samples
DCQJ01 | Alteromonas macleodii [species]

DDJQ01 | Alteromonadaceae bacterium UBA2620 [family]
DCSS01 | Erythrobacteraceae bacterium UBA1460 [family]

DCBW01 | Microbacterium sp. UBA1097 [genus]
DDNQ01 | Alteromonas australica [species]

466038_PRJNA182738
DEYC01 | Flavobacteriaceae bacterium UBA3168 [family]
DCLC01 | Flavobacteriaceae bacterium UBA1658 [family]

1009709_PRJNA200604
DFVI01 | Leeuwenhoekiella sp. UBA4164 [genus]

DBLL01 | Gammaproteobacteria bacterium UBA725 [class]
DDIH01 | Rhodobiaceae bacterium UBA1855 [family]
DLCG01 | Rhodobiaceae bacterium UBA7804 [family]

DJIT01 | Leeuwenhoekiella blandensis [species]
DJZX01 | Pseudomonadaceae bacterium UBA6941 [family]

DEYO01 | Pseudomonadaceae bacterium UBA3156 [family]
DEMA01 | Leeuwenhoekiella blandensis [species]

DCKY01 | Planctomycetes bacterium UBA1662 [phylum]
DCBD01 | Opitutae bacterium UBA1116 [class]

DBHH01 | Pseudomonadaceae bacterium UBA833 [family]
DCQR01 | Opitutae bacterium UBA1513 [class]

DLRW01 | Flavobacteriales bacterium UBA7878 [order]
DDDS01 | Alteromonadaceae bacterium UBA1974 [family]

DCWQ01 | Dehalococcoidia bacterium UBA2158 [class]
DLTT01 | Candidatus Microthrix sp. UBA7829 [genus]

DLRK01 | Akkermansiaceae bacterium UBA7890 [family]
316278_PRJNA13654

DCBF01 | Methylococcaceae bacterium UBA1114 [family]
DBFB01 | Flavobacteriaceae bacterium UBA891 [family]

314266_PRJNA13584
DLTS01 | Acidimicrobiaceae bacterium UBA7830 [family]

DBNF01 | Alcanivorax sp. UBA679 [genus]
DEQZ01 | Alcanivorax sp. UBA3353 [genus]

DCWS01 | Desulfobacteraceae bacterium UBA2156 [family]
DCLA01 | Myxococcales bacterium UBA1660 [order]

DBGN01 | Pseudomonadaceae bacterium UBA853 [family]
DCQS01 | Micavibrio sp. UBA1512 [genus]

DLPX01 | Proteobacteria bacterium UBA7447 [phylum]

M
AGs + proGenom

es

Data: Parks et al, Nature Microbiology 2017; Mende et al, Nucleic Acids
Res 2017; Tara Oceans samples
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CO-OCCURENCE: WHO LIVES WITH WHOM?

MAGs / Genomes
DCQJ01 | Alteromonas macleodii [species]

DDJQ01 | Alteromonadaceae bacterium UBA2620 [family]
DCSS01 | Erythrobacteraceae bacterium UBA1460 [family]

DCBW01 | Microbacterium sp. UBA1097 [genus]
DDNQ01 | Alteromonas australica [species]

466038_PRJNA182738
DEYC01 | Flavobacteriaceae bacterium UBA3168 [family]
DCLC01 | Flavobacteriaceae bacterium UBA1658 [family]

1009709_PRJNA200604
DFVI01 | Leeuwenhoekiella sp. UBA4164 [genus]

DBLL01 | Gammaproteobacteria bacterium UBA725 [class]
DDIH01 | Rhodobiaceae bacterium UBA1855 [family]
DLCG01 | Rhodobiaceae bacterium UBA7804 [family]
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DBHH01 | Pseudomonadaceae bacterium UBA833 [family]
DCQR01 | Opitutae bacterium UBA1513 [class]
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DDDS01 | Alteromonadaceae bacterium UBA1974 [family]

DCWQ01 | Dehalococcoidia bacterium UBA2158 [class]
DLTT01 | Candidatus Microthrix sp. UBA7829 [genus]

DLRK01 | Akkermansiaceae bacterium UBA7890 [family]
316278_PRJNA13654

DCBF01 | Methylococcaceae bacterium UBA1114 [family]
DBFB01 | Flavobacteriaceae bacterium UBA891 [family]

314266_PRJNA13584
DLTS01 | Acidimicrobiaceae bacterium UBA7830 [family]

DBNF01 | Alcanivorax sp. UBA679 [genus]
DEQZ01 | Alcanivorax sp. UBA3353 [genus]

DCWS01 | Desulfobacteraceae bacterium UBA2156 [family]
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DBGN01 | Pseudomonadaceae bacterium UBA853 [family]
DCQS01 | Micavibrio sp. UBA1512 [genus]

DLPX01 | Proteobacteria bacterium UBA7447 [phylum]

Spearm
ann correlation coefficient 0.75
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Data: Parks et al, Nature Microbiology 2017; Mende et al, Nucleic Acids
Res 2017; Tara Oceans samples

7 / 12



Environmental genomics Predicting ecological associations Conclusion and perspectives

CAN WE DO BETTER? ADDING THE ”GROWTH TRAIT”

Tools

Growth dynamics of gut microbiota in health and disease
inferred from single metagenomic samples
Korem et al, Science 2015

Measurement of bacterial replication rates in microbial
communities
Brown et al, Nature Biotechnology 2016

Korem et al, Science 2015
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GROWTH CORRELATION BETWEEN MAGS
Abundance (lower left) VS Growth (upper right)

DBAM01 | Alteromonas macleodii [species]
DBNF01 | Alcanivorax sp. UBA679 [genus]
DJYT01 | Micavibrio sp. UBA6971 [genus]

DDEA01 | Proteobacteria bacterium UBA1966 [phylum]
DCQE01 | Actinobacteria bacterium UBA1526 [class]59919_PRJNA213

DFWA01 | Alteromonas macleodii [species]
DGME01 | Pseudomonadaceae bacterium UBA4526 [family]
DFLZ01 | Pseudomonadaceae bacterium UBA3606 [family]

DCBV01 | Rhodobiaceae bacterium UBA1098 [family]
DDDV01 | Balneolaceae bacterium UBA1971 [family]

DDNQ01 | Alteromonas australica [species]685035_PRJNA41177
DHZO01 | Hyphomonadaceae bacterium UBA5102 [family]

DIIE01 | Candidatus Microthrix sp. UBA5678 [genus]
DEQN01 | Erythrobacteraceae bacterium UBA3365 [family]

DDII01 | Cellvibrionales bacterium UBA1854 [order]
DLBX01 | Planctomycetaceae bacterium UBA7813 [family]

DDJW01 | Halieaceae bacterium UBA2614 [family]
DDEJ01 | Rhodobacteraceae bacterium UBA1957 [family]

DDKU01 | Thalassolituus sp. UBA2590 [genus]
DGMR01 | Thalassospira sp. UBA4513 [genus]

DIIC01 | Proteobacteria bacterium UBA5680 [phylum]
DJKM01 | Candidatus Microthrix sp. UBA6542 [genus]
DJZB01 | Rhodobiaceae bacterium UBA6963 [family]

DEYG01 | Erythrobacteraceae bacterium UBA3164 [family]
DEPO01 | Flavobacteriales bacterium UBA3390 [order]

DCQR01 | Opitutae bacterium UBA1513 [class]
DCCG01 | Thalassolituus sp. UBA1087 [genus]

DBFH01 | Thalassolituus sp. UBA885 [genus]
DBGO01 | Flavobacteriales bacterium UBA852 [order]

DCQY01 | Akkermansiaceae bacterium UBA1506 [family]
DCXJ01 | Rhodospirillaceae bacterium UBA2139 [family]

DDDI01 | Candidatus Microthrix sp. UBA1984 [genus]
DJHL01 | Gammaproteobacteria bacterium UBA6621 [class]

DBAK01 | Gammaproteobacteria bacterium UBA1012 [class]
DKNY01 | Gammaproteobacteria bacterium UBA7376 [class]

DLRM01 | Planctomycetes bacterium UBA7888 [phylum]
DBHW01 | Bdellovibrionaceae bacterium UBA818 [family]
DJLK01 | Bdellovibrionaceae bacterium UBA6518 [family]

DJYY01 | Gammaproteobacteria bacterium UBA6966 [class]
DFRE01 | Bdellovibrionaceae bacterium UBA3471 [family]

DEXC01 | Alcanivorax sp. UBA3194 [genus]
DCRY01 | Rhizobiales bacterium UBA1480 [order]

DCYN01 | Thalassolituus sp. UBA2109 [genus]
DEQK01 | Leeuwenhoekiella blandensis [species]

DBFB01 | Flavobacteriaceae bacterium UBA891 [family]314275_PRJNA13374
167546_PRJNA15746

DJLL01 | Candidatus Microthrix sp. UBA6517 [genus]
DKFV01 | Flavobacteriaceae bacterium UBA6787 [family]

DEQU01 | Alteromonas australica [species]
DIHV01 | Marinobacter sp. UBA5687 [genus]

DKTO01 | Spongiibacter tropicus [species]
DFQH01 | Citromicrobium sp. UBA3494 [genus]

DCRN01 | Halomonas sp. UBA1491 [genus]
DCMV01 | Microbacteriaceae bacterium UBA1613 [family]

Spearm
ann correlation coefficient
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Work in progress...
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NICHE OVERLAP OR REAL INTERACTIONS?

Jaccard distance:

[1, 1, 0, …, 1, 1, 1]

[1, 0, 0, …, 1, 0, 0]
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Grilli et al, Nucleic Acid Research 2012
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WRAPPING UP

Microbial diversity is largely unknown
Intensive experimental (sampling and sequencing)
and theoretical (genome prediction) research efforts
to uncover new environmental genomes
We try to combine growth and functional content as
clues to predict interactions

Perspective

Co-metabolic modeling to explain the microbe social
network
Revisit scaling laws with environmental genomes
Functional analysis with metatranscriptomic data
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THANK YOU FOR YOUR ATTENTION

Close collaborators

Samuel Chaffron
Damien Eveillard
Marko Budinich Abarca

Funding
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