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Microbes

e Everywhere, but >90% not
cultivable

@ Various ecological roles
(biogeochemistry, host-nutrition
and development, ...)

Worden et al, Science 2015
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ENVIRONMENTAL GENOMICS

Microbes

e Everywhere, but >90% not

cultivable
@ Various ecological roles
(biogeochemistry/ host-nutrition Electrically conductive nanowires
in Shewanella oneidensis.
and deVelopment PR ) Photo by R. Bencheikhand B. Arey

@ Live in complex communities

Chemocline bacterial community
of Lake Dagow. Overmann & van
‘Worden et al, Science 2015 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
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Adapted from Kang et al, Peer] 2015
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LITERATURE IS FILLED WITH NEW METAGENOME
ASSEMBLED GENOMES (MAGS)

2014

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

nature
biotechnology

H Bjorn Nielsen]
Shinichi Sunaga]
Eric Pelletier!0

Jean-Michel Bat
Fouad BoumezH
Torben Hansen!
Pierre Léonard®
Oluf Pedersen'?
Sebastian Tims]
Thomas Sicherif

Recovery of nearly 8,000 metagenome-assembled
genomes substantially expands the tree of life

2017

Donovan H. Parks}
Paul N. Evans, Phi

Data Descriptor: The
reconstruction of 2,631 draft
metagenome-assembled genomes
from the global oceans

SCIENTIFIC DATA

2017

Benjamin . Tully’,| Nitrogen-fixing populations of Planctomycetes

and Proteobacteria are abundant in surface ocean
metagenomes

n
microbiology

2018

Tom O. Delmont ©™, Christopher Quined Metabolic Diversity within the Globally
Michael 5. Rappé", Sandra L. MacLellan’] Matine Group Il
Y

Ecological Patterns

Benjamin J Tully

Drives

&b, bioRyiv
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High-quality MAGs extracted from Tara Oceans expeditions

90% completeness, < 5% contamination
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environmental genomes?

Proportion of reads successfully mapped

0.15

0.10

0.05

0.00

Can we predict, characterize and explain the communities of
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CO-OCCURENCE: WHO LIVES WITH WHOM?

Tara samples

DCQJO1 | Alteromonas macleodii [species] ! L | |

DDJQV1 | Ateromonadaceae bacterium UBA2620 (family] ) 3]
DCSS01 | Erythrobacteraceae bacterium UBA1460 [family] 5~

DCBWO1 | Microbacterium sp. UBA1097 [genus]

DDNQO1 | Alteromonas australica [species]

6038_PRINAL82738

DEYCO1 | Flavobacteriaceae bacterium UBA3168 [family]

DCLCO1 | Flavobacteriaceae bacterium UBAL65S [family]

1009709_PRINA200604

DFVIO1 | Leeuwenhoekiella sp. UBA4164 [genus]

DBLLO1 | Gammaproteobacteria bacterium UBA725 [class]

DDIHO1 | Rhodobiaceae bacterium UBA1855 [family]

DLCGO1 | Rhodobiaceae bacterium UBA7804 [family]

DJITO1 | Leeuwenhoekiella blandensis [species]

DJZX01 | Pseudomonadaceae bacterium UBA6941 [family]

DEY001 | Pseudomonadaceae bacterium UBA3156 [family]

EMAOL | Leeuwenhoekiella blandensis [species]

DCKYO01 | Planctomycetes bacterium UBA1662 [phylum]

D01 | Opitutae bacterium UBA1116 [class]

DBHHO1 | Pseudomonadaceae bacterium UBAS33 [family]

DCQRO1 | Opitutae bacterium UBA1513 [class]

DLRWOT | Flavobacteriales bacterium UBA7878 [order]

DDDS01 | Alteromonadaceae bacterium UBA1974 [family]

'DCWQ1 | Dehalococcoidia bacterium UBA2158 [class]

DLTTO1 | Candidatus Microthrix sp. UBA7829 [genus]

DLRKO1 | Akkermansiaceae bacterium UBA7890 [family]

16278_PRINA13654

DCBFO1 | Methylococcaceae bacterium UBA1114 [family]

DBFBO1 | Flavobacteriaceae bacterium UBAB91 [family]

14266_PRINA13584

DLTSO1 | Acdimlcroblacese bacterum UBA?S30 lfamiy]

1| Alcanivorax sp. UBA679 [genus]

quzm | Alcanivorax sp. UBA3353 [genus]

DCWSO01 | Desulfobacteraceae bacterium UBA2156 [family]

1| Myxococcales bacterium UBA1660 [order]

DBGNO1 | Fseudomunada(eae bacterium UBA8S3 [family]

1| Micavibrio sp. UBA1512 [genus]

DLPXOL | Proteobacters bacterum UBATA47 {phylum]

sawouanoid + SOV

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

DCQJO1 | Alteromonas macleodii [species] u " 1.00
DDJQO1 | Alteromonadaceae bacterium UBA2620 [family] | . 3
DCSS01 | Erythrobacteraceae bacterium UBAL460 [family] 4+ - - X
DCBWO1 | Microbacterium sp. UBA1097 [genus] . . '
DDNQO1 | Alteromonas australica species] . ' 1%
6038_PRINAL82738 N H . P o 0.75
DEYCO1 | Flavobacteriaceae bacterium UBA3168 [family] N N o
DCLCO1 | Flavobacteriaceae bacterium UBAL658 (family] H . [)
1009709_PRINA200604 s . =
DFVIOL | Leeuwenhoekiella sp. UBA4164 [genus] - Yoa- 3 - 0.50
DBLLO1 | Gammaproteobacteria bacterium UBA725 [class] .
DDIHO1 | Rhodobiaceae bacterium UBA18SS [family] . Q
DLCGO1 | Rhodobiaceae bacterium UBA7804 [family] - : PR =}
DJITO1 | Leeuwenhoekiella blandensis [species] ' LI LI =1
DJZX01 | Pseudomonadaceae bacterium UBA6941 [family] 'R i - 0.25
DEYO01 | Pseudomonadaceae bacterium UBA3156 [family] . . - . a
DEMAO1 | Leeuwenhoekiella blandensis [species) ~ - s . F. o
DCKYO01 | Planctomycetes bacterium UBA1662 [phylum) . - . . - . :‘\
CBDO1 | Opitutae bacterium UBAI116 [class] . L o
DBHHO1 | Pseudomanadaceae bacterium UBAB33 [family] T . 2 - 0.00
DCQRO1 | Opitutae bacterium UBA1513 [class] . . . Q
DLRWO1 | Flavobacteriales bacterium UBA7878 [order] v - =
DDDSO1 | Alteromonadaceae bacterium UBA1974 (family] et : o
DCWQO1 | Dehalococcoidia bacterium UBA2158 [class] - .., (- 3 L _0.25
DLTTO1 | Candidatus Microthrix sp. UBA7829 [genus] - . . . .
DLRKO1 | Akkermansiaceae bacterium UBA7890 [family] 4 = = H : Ia)
16278_PRINAL3654 . . e . -lo
DCBFO1 | Methylococcaceae bacterium UBAI114 [family] § .- . - - |o
DBFBO1 | Flavobacteriaceae bacterium UBABOL [family] § __ . " - ' - - -0.50
314266 PRINAL3584 -— - =4
DLTSOL ( Acidmicroiscsse bacterum UBATE3A (tamily] - . : H A
1| Alcanivorax sp. UBA679 [genus] 4 = - o.
nsozm | Alcanivorax sp. UBA3353 [genus] i o
DCWSO1 | Desulfobacteraceae bacterium UBA2156 [family] ' H a > -0.75
LAO1 | Myxococcales bacterium UBA1660 [order] 8 . . . i -
DBGNOL | Pseudomonadacee bacerium UBASS3 famiy] '
1 | Micavibrio sp. UBA1512 [genus] § ., .. . I
DLPXO1 | Pmlenba(lenx bacterium UBA7447 [phylum] 41 r: . !

Data: Parks et al, Nature Microbiology 2017; Mende et al, Nucleic Acids

Res 2017; Tara Oceans samples
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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

replicated

Non-dividing bacterial population Growing bacterial population
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Korem et al, Science 2015
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GROWTH CORRELATION BETWEEN MAGS
Abundance (lower left) VS Growth (upper right)

DBAMOT | Alteromonas macleodii [species
DBNFO1 | ‘Alcanivorax sp. UBAG79 [genus.
DIYTO1 | Micavibrio sp UBAGS71 [genus
DDEAQL | Proteabacteria bacterium UBAT906 [phylum
DCQEOL | Actinobacteria bacterium UBAI526 [¢lass,
59919 PRINAZT.
DEWAOL | Alteromonas maclead [specic
DGMEQ!1 | Pseudomonadaceae bacterium UBAd52
DFLZ01 | Pseudomonadaceae bacterium UBA3606
DCBVO1 | Rhodobiaceae bacterium UBA1098
DDDVO1'| Balneolaceae bacterium UBA1971 [fa
DONQUT | Alteromonas australica I
583032 PRIN
DHZOOL | Hyphomonadaceae bacterium UBAS1
11E01 | Candidatus Microthrix sp. UBA3678
DEQNOL | Erythrobacteraceae bacterium UBA3365
DbII01 | Celivibrionales bacterium UBATES:
DLBXOT [Planctomycetaceae bacterium UBAZE1S
DIWoL | Halieaceae pacterium UBA2614
DDEJ01 | Rhodobacteraceae bacterium UBAI957 [f
DDKUOT | Thalassolituus sp. UBA2590
DGMROL | Thalassospira sp; UBA3313
Riico1 | Protegbacteria bacterium UBAS680]
DJKMO1 | Candidatus Microthrix sp. UBAB34
12801 | Rhodobiaceae bacterium UBAGY6S
DEYGOL { Erythrobacteraceae bacterium UBA3164
DBEPOOL| Flavobacteriales bacterium UBA339
CQROL Qpititae bacterium UBATSL
DCCGO1 | Thalassolituus sp. UBA1087
DBFHO1 | Thalassolituus sp. UBABBS [genu
DBGOO1 [ Flavobacteriales bacteriur UBABS? [order|
DCQY0L ansiaceae bacterium UBALS6 [family;
DKol | Rhodospirfiaceae bacterium UBAZTIS [family
DDDIO1 | Candidatus Microthrix sp. UBAT984 [genus
DJHLOT [ Gammaproteobacteria bacter{um UBA6621 [class
DBAKOT | Gammaproteobacteria bacterium UBAIOT2 [class|
NYO1 | Gammaproteobacteria bacterium UBA7376 [class
RERMOT | Plarctomy cetes bacterium UBAZSS8 [onyium
DEHWOL | Bdellovibrionaceae bacterium UBASTE family
DILKO1 ] Bdellovibrionaceae bacterium UBAGS18 [family
DYYOL | Gammaproteobacteria bacterium UBAGGGR [class
FREO1 | Bdellovibrionaceae bacterium UBA3471 {family
[ Alcanivorax sp. UBAS103 genus
DCRYO f Rhizgbiales bacteriim UBALA80 (order
DEYNoT | Thalassolituys op, UBA210Y [genus
DFOKOL [ Leeuwenhoekiella blandensis [species
DBFBO1 | Flavobacteriaceae bacterium UBASSL fomi
314275 PRINAI33
167546-PRINAI5726
P03 | Candidatus Micfotiix sp. (BABS1/ fgenys
DKFVOT | Flavobacteriaceae bacteriurm UBA6787 (family
PEQUOL | Alteromonas australica [species
DIHVO1 [ Marinobacter sp. UBAS687 [genus
PKTOOL [ Spongiibacter tropicus <pecies
DFQHOI | Citromicrobium sp. UBA3494 Tgenus|
RNOT | Halomonas sp. UBATAST [genys
DCMVO1 | Microbacteriaceae bacterium UBA1613 [family

H& f*‘ o i_ ) s

1'1

JUBID1Y4202 UORR[R.I0D uuewleads

Work in progress...
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NICHE OVERLAP OR REAL INTERACTIONS?

Jaccard distance:

Pairs of aquatic MAGs and proGenomes

Genome 1 [}., Ill
Genome 2 [1,0

* Translation

+ Regulation of Transcription ~
4 Metabolic Processes

2
2
Functional distance

=)
T

Domains in Functional Category
)
8
T

. 10 08 0.6 0.4 0.2
Ratio of number of genes

7000 600!
Genome Size (Number of Domains)

Grilli et al, Nucleic Acid Research 2012
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NICHE OVERLAP OR REAL INTERACTIONS?

Jaccard distance:

Genome 1 [}., Ill
Genome 2 [1,0

* Translation
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4 Metabolic Processes
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Domains in Functional Category

7000 7000
Genome Size (Number of Domains)

Grilli et al, Nucleic Acid Research 2012

1.0

Functional distance

co/anti-growth from Spearman correlation
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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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