Tara Oceans:
Eco-Systems Biology at Planetary Scale
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THE INVISIBLE MULTITUDE
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Adding Biological Parameters into
Oceanographic Research

TARA.

Currents

masses



TARA OCEANS
2009 - 2013







Tara Oceans Global Sampling

TARA
September 2009 - October 2013 FiHHIELR




The Tara Oceans Analysis Pipeline

who is there, what do they do, with whom, and why ?

High Throughput Analysis
High Throughput Sequencing High Throughput Imaging Physico-chemistry
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A Holistic Approach to Marine Eco-Systems Biology

Eric Karsenti'*, Silvia G. Acinas? Peer Bork', Chris Bowler®>*, Colomban De Vargas®>%, Jeroen Raes”’?,
Matthew Sullivan®, Detlev Arendt’, Francesca Benzoni'®, Jean-Michel Claverie®'’, Mick Follows'?, Gaby
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Krzic', Fabrice Not®>>'%, Hiroyuki Ogata®'’, Stéphane Pesant'®'7, Emmanuel Georges Reynaud’?,
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Ocean Microbial Reference Gene Catalog

T Global representation

81.38% M TARA
7.49% [] GOS
5.11% B TARA/GOS
2.48% [@ MetaG (other)

. < 0.44% [0 RefG with MetaG
\\ 3.11% M RefG

Ocean microbiome
68 sites

243 samples Clustering
111.5 M predicted genes
+ 26 M external genes

Of 40M genes, 28% no annotation, rest (60%) mainly bacteria 23;?,%2“{20‘?5"’;"




Assessment of global viral communities

Population relative — . . .
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5,476 Viral communities. Only 39 previously known

Viral populati‘ons are regionally dominant,

but widespread
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Data supports seed-bank hypothesis for viral ecology
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Samples

Brum, Ignacio-Espinoza,
Roux, et al. Science (2015)



A new world of
marine protists
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Saturatlon at around 130 000 OTUs sg
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More than 10 times hlgher than the number of »

formaIIy descnbed manne eukaryotlc pIankton
Around one third cannot be aSS|gned to any known

taxonomic group
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de Vargas et al. Science 2015
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Sebastien COLIN, CNRS, Station Biologique de Roscoff, C.deVargas ‘s group



Determinants of community structure
in the global ocean interactome

a.k.a The Ocean’s

Lima-Mendez et al. Science (2015)



The global plankton interactome —
an integrated “network of networks”

127,995 associations
92,633 taxon-taxon
35,362 taxon-env
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Lima-Mendez et al.
Science (2015)



Most interactions are positive ...

Chaetognatha
Apicomplexa : —
Rickettsiales — S g, 4 i
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Positive associations Negative associations

N = 68,856 N =23,777

Cooperation is more important than competition

Lima-Mendez et al. Science (2015)



... but diatoms are antisocial

Co-occurrences 0.8 - inf (SUR+DCM) Exclusions 0.8 - inf (SUR+DCM)

Diatoms have few friends and they keep their competitors at bay !

Lima-Mendez et al. Science (2015)
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The co-occurrence network can predict host-phage
interactions that can be verified in metagenomes

Flavobacterium sp. SCGC AAA1E60-P02 Flavobacterium sp. SCGC AAAT1G0-POZ
ALAATB0F02DRAF T_scaffold 31.32 AAATBOP02DRAFT scaffold _10.11
NZ_KB211115 ARTDOTR000137
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Lima-Mendez et al.
Science (2015)



From the global ocean to the single cell ..... and back again
A case study : Diatom interactions with other plankton

© O e Vargas s wlioup
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Flora Vincent (IBENS), in collaboration with Colomban
de Vargas (Roscoff) and Rainer Pepperkok (EMBL)




An unorthodox collaboration between a diatom
(Fragillariopsis) and a ciliate (Salpingella)

Flora Vincent (IBENS), in collaboration with Colomban
de Vargas (Roscoff) and Rainer Pepperkok (EMBL)




An unorthodox
collaboration between a
diatom (Fragillariopsis) and
a ciliate (Salpingella)

Abundagce

o
45 6 7 8 0 101112141617 18 19 20 21 22 23 24 25 26 30 31 32 33 34 35 38 39 41 42 43 45 46 47 48 49 50 51 52 53 54 57 58 62 64 65 66 67 68 70 7L 72 76 78 80 61 82 83 84 85 86 &7 88 89 90 91 92 93 94 95 96 97 9B 99 10010210610911011111211311411511611711811912012112212312412512617128129130131132133134135136137 138139140141 142143144 145146147 148149150151 152

Stations

Flora Vincent (IBENS), in collaboration with Colomban de
Vargas (Roscoff) and Rainer Pepperkok (EMBL)



An unorthodox
collaboration between a
diatom (Fragillariopsis) and
a ciliate (Salpingella)
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Abundagce

Flora Vincent (IBENS), in collaboration with Colomban de
Vargas (Roscoff) and Rainer Pepperkok (EMBL)



|dentification of new morphotypes at other sampling sites

Colin, Vincent,
Dolan; Unpublished




Adding Biological Parameters into
Oceanographic Research
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Real-Time Remote Sensing of Ocean Processes
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Contextual Data from Sampling, Satellite, Argo
Buoys, On-Board Instruments and Gliders
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Temperature is the main driver of microbial
community structure

All depths
Communities stratify bj
rather than region (all ¢
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Principal conclusionsofthe papers so:far :

] Thefirst'end-to-end description of a contintious global ecosystem.

.. J"Ocean microbiome consists of ~35,000 OTUs (mostly known) and
40 million genes (mostly unknown).

/| Diversity of eukaryotic plankton is huge (~130,000 OTUS) but is finite:
Around 90% are new and there is a considerable unknown component.

/| More than 5,000 viral communities described; >99% are new. Their
distribution supports seed bank hypothesis.

/] Biotic interactions are more important than environmental drivers. Most
interactions between plankton are positive.

| Bacterial community composition drivendlargely by temperature.

| All the data are,public.

/] The analyses were performed on only 579 samples; h ri‘ k' % é"-"’f._
the data deluge is coming ! OCEANS
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40 million
genes

Largest-ever DNA
sequencing effort for ocean
science.

Genetic sequences collected
could represent tens of
thousands of new species
and ecosystem interactions.

Considering the size of the
world’s ocean, there is much,
much more to discover.

Tara Oceans data: www.ebi.ac.uk/services/tara-oceans-data =~ EMBL-EBI
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A three year expedition

 To explore marine planktonic ecosystems anc
their sensitivity to climate change-induced
modifications to the ocean

 To popularize science

* To educate



September 5t 2009:
Departure from Lorient
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March 31st 2012:
Return to Lorient







Visit of UN Secretary General Ban-Ki Moon:
Informing Policy makers about the Key Role of Ocean Life




School kids and TARA OCEANS







COP21 and the Paris Treaty have recognized
the importance of the ocean !

@ United Nations FC CC/CP/ZO 15/L.9

L@ Framework Convention on Distr.: Limited
greenhouse gases reterred to i the Convention.

Nofing the importance of ensuring the integrity of all ecosystems. including oceans. and the protection of
biodiversity, recognized by some cultures as Mother Earth. and noting the importance for some of the concept of
“climate justice”. when taking action to address climate change.

Affirming the importance of education. training., public awareness. public participation. public access to

Conference of the Parties
Twenty-first session
Paris, 30 November to 11 December 2015

Agenda item 4(b)

Durban Platform for Enhanced Action (decision 1/CP.17)
Adoption of a protocol, another legal instrument, or an
agreed outcome with legal force under the Convention
applicable to all Parties

ADOPTION OF THE PARIS AGREEMENT

.
PARIS2015

COPZ1L CMPYY

ocean- chmate org
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