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ENVIRONMENTAL GENOMICS

Microbes

Everywhere, but >90% not
cultivable
Live in complex communities
Various ecological roles
(biogeochemistry, host-nutrition
and development, ...)

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 for the sampling of marine microbiome

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

Single Amplified Genomes

Experimentally
challenging

Amplification

Incomplete genomes

Metagenome Assembled
Genomes

Shotgun sequencing
(cheap)

Already available data

Contamination

Adapted from Rinke et al, Nature 2013 4 / 15
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METAGENOMES ASSEMBLED GENOMES (MAGS):
EXAMPLE OF METABAT

Kang et al, PeerJ 2015
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LIST OF MAGS PUBLICATIONS
2014

2017

2017

2017

2018

Intense filling of databases, but not so much is currently done
with this new information
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CAN WE PREDICT, CARACTERIZE AND EXPLAIN THE

COMMUNITIES OF ENVIRONMENTAL GENOMES?

Repartition of 1378 MAGs extracted from Tara Ocean (→2015)
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CO-ACTIVITY: WHO GROWS WITH WHOM?

Microbiome sample DNA Metagenome reads Predicted genomes

Tools

Growth dynamics of gut microbiota in health and
disease inferred from single metagenomic samples
Korem et al, Science 2015
→ only complete genomes, code not available

Measurement of bacterial replication rates in
microbial communities
Brown et al, Nature Biotechnology 2016
→ adapted for draft-quality genomes, code on Github
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INFERENCE OF MICROBIAL GROWTH DIRECTLY FROM

METAGENOMIC SAMPLES

PTR = iRep =
Oricov

Tercov
≥ 1

Quantitative in situ measurement of the replication rate

Korem et al, Science 2015
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GROWTH CORRELATION BETWEEN 556 MAGS

IN 172 TARA SAMPLES
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DKNN01 | Alteromonadaceae bacterium UBA7387 [family]
DGLQ01 | Alteromonas australica [species]
DEQU01 | Alteromonas australica [species]

DKQT01 | Candidatus Marinimicrobia bacterium UBA7301 [phylum]
DJKY01 | Candidatus Marinimicrobia bacterium UBA6530 [phylum]

DIIE01 | Candidatus Microthrix sp. UBA5678 [genus]
DCXR01 | Candidatus Microthrix sp. UBA2131 [genus]

146891_PRJNA13548
167546_PRJNA15746

1007115_PRJNA195660
DJYT01 | Micavibrio sp. UBA6971 [genus]
DFPY01 | Micavibrio sp. UBA3503 [genus]

DDKX01 | Candidatus Microthrix sp. UBA2587 [genus]
DDDY01 | Micavibrio sp. UBA1968 [genus]
DDDJ01 | Micavibrio sp. UBA1983 [genus]

DDDI01 | Candidatus Microthrix sp. UBA1984 [genus]
466038_PRJNA182738

DGLO01 | Candidatus Microthrix sp. UBA4542 [genus]
DDJQ01 | Alteromonadaceae bacterium UBA2620 [family]

DBFI01 | Alteromonadaceae bacterium UBA884 [family]
59919_PRJNA213

DJZB01 | Rhodobiaceae bacterium UBA6963 [family]
DJYY01 | Gammaproteobacteria bacterium UBA6966 [class]

DDII01 | Cellvibrionales bacterium UBA1854 [order]
DCRN01 | Halomonas sp. UBA1491 [genus]

DCRP01 | Rhizobiales bacterium UBA1489 [order]
DCRY01 | Rhizobiales bacterium UBA1480 [order]

DKFW01 | Legionellales bacterium UBA6786 [order]
DLRP01 | Gammaproteobacteria bacterium UBA7885 [class]

367336_PRJNA17677
234831_PRJNA39311

DFPP01 | Gemmatimonadales bacterium UBA3512 [order]
DFLR01 | Sulfitobacter pontiacus [species]

DCWR01 | Proteobacteria bacterium UBA2157 [phylum]
DERH01 | Alteromonadaceae bacterium UBA3345 [family]

DCXP01 | Proteobacteria bacterium UBA2133 [phylum]
DDON01 | Alteromonas sp. UBA2493 [genus]

DKGJ01 | Balneolaceae bacterium UBA6773 [family]
DCXV01 | Candidatus Microthrix sp. UBA2127 [genus]
DCYJ01 | Flavobacteriales bacterium UBA2113 [order]

DCYN01 | Thalassolituus sp. UBA2109 [genus]
316279_PRJNA13655

DLRK01 | Akkermansiaceae bacterium UBA7890 [family]
DLCN01 | Balneolaceae bacterium UBA7797 [family]

DLRM01 | Planctomycetes bacterium UBA7888 [phylum]
DKGB01 | Flavobacteriaceae bacterium UBA6781 [family]

DDDS01 | Alteromonadaceae bacterium UBA1974 [family]
DFQH01 | Citromicrobium sp. UBA3494 [genus]

DDDV01 | Balneolaceae bacterium UBA1971 [family]
DCQZ01 | Thalassolituus sp. UBA1505 [genus]
DCQR01 | Opitutae bacterium UBA1513 [class]

DJIO01 | Thalassolituus sp. UBA6592 [genus]
DJHW01 | Pseudoalteromonas sp. UBA6610 [genus]

DBNI01 | Pseudoalteromonas issachenkonii [species]
DIIG01 | Candidatus Microthrix sp. UBA5676 [genus]

DBNK01 | Thalassolituus sp. UBA674 [genus]
166314_PRJNA37911

DCBF01 | Methylococcaceae bacterium UBA1114 [family]
DHXI01 | Flavobacteriaceae bacterium UBA5160 [family]

DHXH01 | Hyphomonadaceae bacterium UBA5161 [family]
DCQS01 | Micavibrio sp. UBA1512 [genus]

DCCA01 | Balneolaceae bacterium UBA1093 [family]
74546_PRJNA13910

DHXD01 | Flavobacteriales bacterium UBA5165 [order]
DCKY01 | Planctomycetes bacterium UBA1662 [phylum]

93060_PRJNA18633
685035_PRJNA41177

DFVW01 | Alcanivorax sp. UBA4150 [genus]
DCQE01 | Actinobacteria bacterium UBA1526 [class]

DFRD01 | Phycisphaerales bacterium UBA3472 [order]
DCCB01 | Alcanivorax sp. UBA1092 [genus]

DEYG01 | Erythrobacteraceae bacterium UBA3164 [family]
DJIQ01 | Oceanicaulis sp. UBA6590 [genus]

351348_PRJNA13239
167555_PRJNA15660

DJLF01 | Microbacteriaceae bacterium UBA6523 [family]
DCMV01 | Microbacteriaceae bacterium UBA1613 [family]

DCMW01 | Microbacterium sp. UBA1612 [genus]
DCSB01 | Microbacteriaceae bacterium UBA1477 [family]

DIHV01 | Marinobacter sp. UBA5687 [genus]
DDEG01 | Alteromonas macleodii [species]
DBAM01 | Alteromonas macleodii [species]
DCCF01 | Alteromonas macleodii [species]
DBFD01 | Paracoccus sp. UBA889 [genus]

DCYU01 | Pseudoalteromonas sp. UBA2102 [genus]
DCYP01 | Thalassolituus sp. UBA2107 [genus]

DJKM01 | Candidatus Microthrix sp. UBA6542 [genus]
DBNJ01 | Thalassolituus sp. UBA675 [genus]

DCRB01 | Thalassolituus sp. UBA1503 [genus]
DCBW01 | Microbacterium sp. UBA1097 [genus]

DHXE01 | Dehalococcoidia bacterium UBA5164 [class]
DGLR01 | Pseudomonadaceae bacterium UBA4539 [family]
DBGN01 | Pseudomonadaceae bacterium UBA853 [family]

DBAF01 | Pseudomonadaceae bacterium UBA1017 [family]
DCLB01 | Pseudomonadaceae bacterium UBA1659 [family]

DLPX01 | Proteobacteria bacterium UBA7447 [phylum]
439493_PRJNA19339

DBNO01 | Candidatus Microthrix sp. UBA670 [genus]
DKOA01 | Opitutae bacterium UBA7374 [class]

DJMH01 | Dehalococcoidia bacterium UBA6495 [class]
DIIC01 | Proteobacteria bacterium UBA5680 [phylum]

DFVI01 | Leeuwenhoekiella sp. UBA4164 [genus]
DFVG01 | Flavobacteriaceae bacterium UBA4166 [family]
DFRF01 | Rhodospirillaceae bacterium UBA3470 [family]

1009709_PRJNA200604
DFPV01 | Candidatus Microthrix sp. UBA3506 [genus]

DCSS01 | Erythrobacteraceae bacterium UBA1460 [family]
DCWN01 | Acidobacteria bacterium UBA2161 [phylum]
DCWQ01 | Dehalococcoidia bacterium UBA2158 [class]
DKNM01 | Candidatus Microthrix sp. UBA7388 [genus]

DCXQ01 | Proteobacteria bacterium UBA2132 [phylum]
DEQN01 | Erythrobacteraceae bacterium UBA3365 [family]

DLRQ01 | Candidatus Microthrix sp. UBA7884 [genus]
DAEN01 | Thaumarchaeota archaeon UBA141 [phylum]

DKNY01 | Gammaproteobacteria bacterium UBA7376 [class]
DBAR01 | Flavobacteriaceae bacterium UBA1005 [family]

1007123_PRJNA192388
1009711_PRJNA195675

DDIN01 | Hyphomonadaceae bacterium UBA1849 [family]
DJIT01 | Leeuwenhoekiella blandensis [species]

DIIB01 | Desulfobacteraceae bacterium UBA5681 [family]
DHXG01 | Paracoccus sp. UBA5162 [genus]

316278_PRJNA13654
DCXS01 | Desulfobacteraceae bacterium UBA2130 [family]
DCWS01 | Desulfobacteraceae bacterium UBA2156 [family]
DCKR01 | Planctomycetaceae bacterium UBA1669 [family]

DCBH01 | Flavobacteriales bacterium UBA1112 [order]
110662_PRJNA13643

DLPV01 | Gammaproteobacteria bacterium UBA7449 [class]
DDDM01 | Alteromonadaceae bacterium UBA1980 [family]

DFWA01 | Alteromonas macleodii [species]
DCQJ01 | Alteromonas macleodii [species]
DCKZ01 | Alteromonas macleodii [species]

DDNQ01 | Alteromonas australica [species]
DDEC01 | Alteromonas australica [species]
DCBZ01 | Alteromonas australica [species]
DEPN01 | Alteromonas australica [species]
DLRZ01 | Alteromonas australica [species]

939324_PRJNA232476
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Data: near-complete ”Tara” MAGs from Parks et al, Nature Microbiology
2017; Tara Oceans samples
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GROWTH CORRELATION BETWEEN 556 MAGS

IN 172 TARA SAMPLES

Data: near-complete ”Tara” MAGs from Parks et al, Nature Microbiology
2017; Tara Oceans samples

10 / 15



Environmental genomics Predicting ecological associations Conclusion and perspectives

FUNCTIONAL CONTENT OF PROKARYOTIC GENOMES:
SCALING LAWS OF LAB-CULTIVATED STRAINS

Scaling laws

nc = βc × nαc

nc: number of gene in cat c
n: total number of genes

Uncovered from ∼700 (lab-cultivated) prokaryotes
What about environmental genomes?

Grilli et al, Nucleic Acid Research 2012
11 / 15



Environmental genomics Predicting ecological associations Conclusion and perspectives

FUNCTIONAL ANNOTATION OF ENVIRONMENTAL

GENOMES

Annotation pipeline
(Prodigal/eggNOGmapper)

8000 MAGs annotated along
∼25k complete genomes
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Functional annotation databases

Strategies: Orthologous groups (eggNOG) VS protein
domains (pfam)

Annotations: eggNOG (50%), KEGG (30%), Gene
Ontology terms
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SCALING LAWS IN MAGS
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Amino-acid transport & metabolism

Could ”social” prokaryotes be functional outliers in such laws?

Work in progress...
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WRAPPING UP

In summary...

Microbial diversity largely unknown
Intensive experimental (sampling and sequencing)
and theoretical (genome prediction) research efforts
to uncover new environmental genomes
We try to accumulate clues to predict associations

Perspective

Revisit scaling laws at the ecosystem level
Add more clues of associations (metaT?)
Next step: reconstruct metabolic models of consortia
to explain microbe social interactions
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