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PARTNERS OF THE TARA OCEANS MISSIONS 

Tara Oceans (which includes the Tara Oceans and Tara Oceans Polar Circle missions) would not exist 

without the leadership of the Tara Ocean Foundation and the continuous support of 23 partners institutes. 

We further thank the commitment of the following sponsors: the French CNRS (in particular Groupement 

de Recherche GDR3280 and the Research Federation for the Study of Global Ocean Systems Ecology 

and Evolution FR2022/Tara GOSEE), the French Facility for Global Environment (FFEM), the European 

Molecular Biology Laboratory and its Advanced Light Microscopy Facility (ALMF), Genoscope/CEA, the 

Vlaams Instituut voor Biotechnologie (VIB), Stazione Zoologica Anton Dohrn, UNIMIB, Fund for Scientific 

Research – Flanders, Rega Institute, KU Leuven, the French Ministry of Research and the French 

Government Investissements d’Avenir programmes OCEANOMICS (ANR-11- BTBR-0008), FRANCE 

GENOMIQUE (ANR-10- INBS-09-08) and MEMO LIFE (ANR-10- LABX-54), the PSL research university (ANR-11- 

IDEX-0001-02) and EMBRC- France (ANR-10- INBS-02), ANR (projects POSEIDON/ANR-09-BLAN-0348, 

PHYTBACK/ANR-2010-1709-01, PROMETHEUS/ANR-09-PCS-GENM-217, TARA-GIRUS/ANR-09-PCS-GENM 

218, European Union FP7 (MicroB3/No.287589, IHMS/HEALTH-F4-2010-261376, ERC Advanced Grant 

Awards to CB (Diatomite: 294823), Gordon and Betty Moore Foundation grant (#3790) to MBS, Spanish 

Ministry of Science and Innovation grant CGL2011-26848/BOS MicroOcean PANGENOMICS to SGA, TANIT 

(CONES 2010-0036) from the Agència de Gestió d´Ajusts Universitaris i Reserca funded to SGA, JSPS 

KAKENHI Grant Number 26430184 to HO, FWO, BIO5, Biosphere 2. Funding for the collection and 

processing of the Tara Oceans dataset was provided by the NASA Ocean Biology and Biogeochemistry 

Program under grants NNX11AQ14G, NNX09AU43G, NNX13AE58G and NNX15AC08G (to the University of 

Maine), the Canada Excellence Research Chair in Remote Sensing of Canada’s New Arctic Frontier and 

the Canada Foundation for Innovation. We also thank Agnès b. and E. Bourgois, the Prince Albert II de 

Monaco Foundation, the Veolia Foundation, Region Bretagne, Lorient Agglomeration, Serge Ferrari, 

Worldcourier, Illumina, the EDF Foundation, FRB and KAUST for support and commitment. The global 

sampling effort was made possible by countless scientists and crew who performed sampling aboard the 

schooner Tara from 2009 to 2013, and we thank MERCATOR- CORIOLIS and ACRI- ST for providing daily 

satellite data during the expeditions. We are also grateful to the French Ministry of Foreign Affairs for 

supporting the expedition and to the countries who graciously granted sampling permissions. We declare 

that all data reported herein are fully and freely available from the date of publication, with no restrictions, 

and that all of the samples, analyses, publications, and ownership of data are free from legal 

entanglement or restriction of any sort by the various nations whose waters the Tara Oceans missions 

sampled in. 

 

 

Tara Oceans consortium 

European Molecular Biology Laboratory (EMBL) | Le Centre National De Recherche Scientifique (CNRS) 

| L’Université Pierre et Marie Curie - (PARIS 6) (UPMC) | L’Ecole Normale Supérieure (ENS) | Le 

Commissariat à L’Energie Atomique et aux Energies Alternatives (CEA) | Vlaams Instituut voor 

Biotechnologie (VIB) | Arizona Board of Regents on behalf of the University of Arizona | UNIVERSITY OF 

BREMEN (UniHB) | Muséum National d’Histoire Naturelle (MNHN) | Universita’ Degli Studi di Milano – 

Bicocca (UNIMIB) | Instituto de Ciencias del Maritime, CSIC (ICM-CSIC) | Bigelow Laboratory (Bigelow) | 

University College Dublin (UCD) | Stazione Zoologica di Napoli (SZN) |  

 

Scientific project coordinators and researchers 

Patrick WINCKER (Génomique Métabolique, Genoscope, Institut de biologie François Jacob, 

Commissariat à l'Energie Atomique (CEA), CNRS, Université Evry, Université Paris-Saclay, Evry, France) | 

Jean WEISSENBACH (Génomique Métabolique, Genoscope, Institut de biologie François Jacob, 

Commissariat à l'Energie Atomique (CEA), CNRS, Université Evry, Université Paris-Saclay, Evry, France) | 

Didier VELAYOUDON (DVIP Consulting, Sèvres, France) | Shinichi SUNAGAWA (Structural and 

Computational Biology, European Molecular Biology Laboratory, Meyerhofstr. 1, 69117 Heidelberg, 

Germany) | Matthew B. SULLIVAN (Department of Microbiology, The Ohio State University, Columbus, OH 
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43214, USA) | Lars STEMMANN (Sorbonne Universités, UPMC Université Paris 06, CNRS, Laboratoire 

d’oceanographie de Villefranche (LOV), Observatoire Océanologique, 06230 Villefranche-sur-Mer, 

France) | Sabrina SPEICH (Laboratoire de Physique des Océans, UBO-IUEM, Place Copernic, 29820 

Plouzané, France) | Mike SIERACKI (National Science Foundation, Arlington, VA 22230, USA) | Christian 

SARDET (Sorbonne Universités, UPMC Université Paris 06, CNRS, Laboratoire d’oceanographie de 

Villefranche (LOV), Observatoire Océanologique, 06230 Villefranche-sur-Mer, France) | Emmanuel G. 

REYNAUD (Earth Institute, University College Dublin, Dublin, Ireland) | Jeroen RAES (Department of 

Microbiology and Immunology, Rega Institute, KU Leuven, Herestraat 49, 3000 Leuven, Belgium) | 

Stéphane PESANT (MARUM, Center for Marine Environmental Sciences, University of Bremen, Bremen, 

Germany) | Hiroyuki OGATA (Institute for Chemical Research, Kyoto University, Gokasho, Uji, Kyoto, 611-

001, Japan) | Fabrice NOT (CNRS, UMR 7144, Sorbonne Universités, UPMC Université Paris 06, Station 

Biologique de Roscoff, 29680 Roscoff, France) | Uros KRZIC (Cell Biology and Biophysics, European 

Molecular Biology Laboratory, Meyerhofstrasse 1, 69117 Heidelberg, Germany) | Eric KARSENTI (Ecole 

Normale Supérieure, PSL Research University, Institut de Biologie de l’Ecole Normale Supérieure (IBENS), 

CNRS UMR 8197, INSERM U1024, 46 rue d’Ulm, F-75005 Paris, France) | Lee KARP-BOSS (School of Marine 

Sciences, University of Maine, Orono, Maine 04469, USA) | Stefanie KANDELS (Structural and 

Computational Biology, European Molecular Biology Laboratory, Meyerhofstr. 1, 69117 Heidelberg, 

Germany) | Olivier JAILLON (Génomique Métabolique, Genoscope, Institut de biologie François Jacob, 

Commissariat à l'Energie Atomique (CEA), CNRS, Université Evry, Université Paris-Saclay, Evry, France) | 

Daniele IUDICONE (Stazione Zoologica Anton Dohrn, Villa Comunale, 80121 Naples, Italy) | Pascal 

HINGAMP (Aix Marseille Univ, Université de Toulon, CNRS, IRD, MIO, Marseille, France) | Nigel GRIMSLEY 

(CNRS, UMR 7232, BIOM, Avenue du Fontaulé, 66650 Banyuls-sur-Mer, France) | Gabriel GORSKY 

(Sorbonne Universités, UPMC Université Paris 06, CNRS, Laboratoire d’oceanographie de Villefranche 

(LOV), Observatoire Océanologique, 06230 Villefranche-sur-Mer, France)| Mick FOLLOWS (Department 

of Earth, Atmospheric and Planetary Sciences, Massachusetts Institute of Technology, Cambridge, MA, 

USA) | Colomban DE VARGAS (CNRS, UMR 7144, EPEP & Sorbonne Universités, UPMC Université Paris 06, 

Station Biologique de Roscoff, 29680 Roscoff, France) | Chris BOWLER (Ecole Normale Supérieure, PSL 

Research University, Institut de Biologie de l’Ecole Normale Supérieure (IBENS), CNRS UMR 8197, INSERM 

U1024, 46 rue d’Ulm, F-75005 Paris, France) | Emmanuel BOSS (School of Marine Sciences, University of 

Maine, Orono, Maine 04469, USA) | Peer BORK (Structural and Computational Biology, European 

Molecular Biology Laboratory, Meyerhofstr. 1, 69117 Heidelberg, Germany) | Silvia G. ACINAS 

(Department of Marine Biology and Oceanography, Institut de Ciències del Mar (CSIC), Barcelona, 

Catalonia, Spain) | Francesca BENZONI (Università degli Studi di Milano-Bicocca IT / Coral Reefs) | Gilles 

REVERDIN (CNRS/UPMC, FR / Physico-Chemistry) | Pascale JOANNOT (MNHN, FR / 

Archiving/Authorizations) | Detlev ARENDT (EMBL / Evo Devo). 

  

 

Tara Oceans Polar Circle Coordinators and Participants  

Silvia G. Acinas (Department of Marine Biology and Oceanography, Institut de Ciències del Mar (CSIC), 

Barcelona, Catalonia, Spain) | Marcel Babin (Département de biologie, Québec Océan and Takuvik 

Joint International Laboratory (UMI3376), Université Laval (Canada) - CNRS (France), Université Laval, 

Québec, QC, G1V 0A6, Canada) | Peer Bork (Structural and Computational Biology, European 

Molecular Biology Laboratory, Meyerhofstr. 1, 69117 Heidelberg, Germany) | Emmanuel Boss (School of 

Marine Sciences, University of Maine, Orono, Maine 04469, USA) | Chris Bowler (Ecole Normale Supérieure, 

PSL Research University, Institut de Biologie de l’Ecole Normale Supérieure (IBENS), CNRS UMR 8197, INSERM 

U1024, 46 rue d’Ulm, F-75005 Paris, France) | Guy Cochrane (European Molecular Biology Laboratory, 

European Bioinformatics Institute (EMBL-EBI),Welcome Trust Genome Campus, Hinxton, Cambridge, UK) | 

Colomban de Vargas (CNRS, UMR 7144, EPEP & Sorbonne Universités, UPMC Université Paris 06, Station 

Biologique de Roscoff, 29680 Roscoff, France) | Mick Follows (Department of Earth, Atmospheric and 

Planetary Sciences, Massachusetts Institute of Technology, Cambridge, MA, USA) | Gabriel Gorsky 

(Sorbonne Universités, UPMC Université Paris 06, CNRS, Laboratoire d’oceanographie de Villefranche 

(LOV), Observatoire Océanologique, 06230 Villefranche-sur-Mer, France) | Lionel Guidi (Sorbonne 

Universités, UPMC Université Paris 06, CNRS, Laboratoire d’oceanographie de Villefranche (LOV), 

Observatoire Océanologique, 06230 Villefranche-sur-Mer, France) | Nigel Grimsley (CNRS, UMR 7232, 

BIOM, Avenue du Fontaulé, 66650 Banyuls-sur-Mer, France) | Pascal Hingamp (Aix Marseille Univ, 
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Université de Toulon, CNRS, IRD, MIO, Marseille, France) |Daniele Iudicone (Stazione Zoologica Anton 

Dohrn, Villa Comunale, 80121 Naples, Italy) | Olivier Jaillon (CEA - Institut de Génomique, Genoscope, 2 

rue Gaston Crémieux, Evry France) | Stefanie Kandels (Structural and Computational Biology, European 

Molecular Biology Laboratory, Meyerhofstr. 1, 69117 Heidelberg, Germany) | Lee Karp-Boss (School of 

Marine Sciences, University of Maine, Orono, Maine 04469, USA) | Eric Karsenti (Ecole Normale Supérieure, 

PSL Research University, Institut de Biologie de l’Ecole Normale Supérieure (IBENS), CNRS UMR 8197, INSERM 

U1024, 46 rue d’Ulm, F-75005 Paris, France) | Fabrice Not (CNRS, UMR 7144, Sorbonne Universités, UPMC 

Université Paris 06, Station Biologique de Roscoff, 29680 Roscoff, France) | Hiroyuki Ogata (Institute for 

Chemical Research, Kyoto University, Gokasho, Uji, Kyoto, 611-001, Japan) | Nicole Poulton (Bigelow 

Laboratory for Ocean Sciences, East Boothbay, ME, 04544, USA) | Stéphane Pesant (MARUM, Center for 

Marine Environmental Sciences, University of Bremen, Bremen, Germany) | Jeroen Raes (Department of 

Microbiology and Immunology, Rega Institute, KU Leuven, Herestraat 49, 3000 Leuven, Belgium) | 

Christian Sardet (Sorbonne Universités, UPMC Université Paris 06, CNRS, Laboratoire d’oceanographie de 

Villefranche (LOV), Observatoire Océanologique, 06230 Villefranche-sur-Mer, France) | Sabrina Speich 

(Laboratoire de Physique des Océans, UBO-IUEM, Place Copernic, 29820 Plouzané, France) | Lars 

Stemmann (Sorbonne Universités, UPMC Université Paris 06, CNRS, Laboratoire d’oceanographie de 

Villefranche (LOV), Observatoire Océanologique, 06230 Villefranche-sur-Mer, France) | Matthew B. 

Sullivan (Department of Microbiology, The Ohio State University, Columbus, OH 43214, USA) | Shinichi 

Sunagawa (Department of Biology, Institute of Microbiology and Swiss Institute of Bioinformatics, ETH 

Zurich, Vladimir-Prelog-Weg 4, 8093 Zurich, Switzerland) | Patrick Wincker (CEA - Institut de Génomique, 

Genoscope, 2 rue Gaston Crémieux, Evry France). 

 

And  

 

Joannie Ferland (Département de biologie, Québec Océan and Takuvik Joint International Laboratory 

(UMI 3376), Université Laval (Canada) - CNRS (France), Université Laval, Québec, QC, G1V 0A6, 

Canada)| Claudie Marec (Département de biologie, Québec Océan and Takuvik Joint International 

Laboratory (UMI 3376), Université Laval (Canada) - CNRS (France), Université Laval, Québec, QC, G1V 

0A6, Canada)| Marc Picheral (Sorbonne Universités, UPMC Univ Paris 06, UMR 7093 LOV, F-75005, Paris, 

France) | Céline Dimier (CNRS, UMR 7144, EPEP & Sorbonne Universités, UPMC Université Paris 06, Station 

Biologique de Roscoff, 29680 Roscoff, France)| Julie Poulain (Génomique Métabolique, Genoscope, 

Institut François Jacob, CEA, CNRS, Univ Evry, Université Paris-Saclay) | Sergey Pisarev (Shirshov Institute of 

Oceanology of Russian Academy of Sciences, 36 Nakhimovsky prosp,117997, Moscow, Russia) | Margaux 

Carmichael (Sorbonne Université, CNRS, Station Biologique de Roscoff, AD2M ECOMAP, 29680 Roscoff, 

France). 
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ABOUT THE TARA OCEANS MISSIONS 

CRUISE NAME : Tara Oceans 

Research vessel: Tara (schooner) 

Start date: September 2009 Departure port: Lorient (France) 

End date: December 2013 Arrival port: Lorient (France) 

 
 

RESEARCH UNIT: CHIEF SCIENTIST : Eric Karsenti 

A consortium of scientists mainly from 

France’s National Centre for Scientific 

Research (CNRS), the European Molecular 

Biology Laboratory (EMBL), France’s 

Alternative Energies and Atomic Energy 

Commission (CEA), the Ohio state University, 

University of Sorbonne, Roscoff marine 

station, the Ecole normale supérieure, 

Stazione Zoologica Anton Dohrn, 

Genoscope, Bremen University, Kyoto 

University and ETH Zurich.  

 

Research unit: 
European Molecular Biology Laboratory 
Address: 
 

Phone: 
Tel: +33 6 23 06 83 97 (France) 

Email: 
Karsenti@embl.de 

 
 

 

 

 

 

 

Photo 3: Abaigan Island - Kiribati ©Nicolas De La Brosse - Tara Ocean Foundation 
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GENERAL CONTEXT OF THE CRUISES 

Who is the Tara Ocean Foundation? 

The Tara Oceans mission is a one-of-a-kind expedition. The sampling and study research have been 

conducted abroad the Tara Ocean Foundation schooner called Tara. 

Tara Ocean Foundation is a non-profit organization working in favour of the environment and research. 

Tara is a schooner built for extreme conditions. For 12 years, Tara has been constantly on the move: the 

schooner has travelled 400,000 kilometres across all the world’s oceans. We have accomplished 10 

missions to study and understand the impacts of climate change and the ecological crisis on the ocean, 

with concrete results. 
 

Why the Tara Oceans Missions? 

There have been four major global cruises to map ocean plankton so far: the Challenger Expedition (1872-

1876), Craig Venter’s Global Ocean Survey (2003-2008), the Malaspina Expedition (2010), and the Tara 

Oceans expeditions (Tara Oceans, 2009-2012; Tara Oceans Polar Circle, 2012-2013). Only the latter sought 

to study viruses to fish larvae, organisms spanning 8 orders of magnitude in size, using the most cutting-

edge molecular and imaging techniques available. During two circum-global navigations, we 

systematically collected eco-morpho-genetic data at 210 sites, 3 depths, covering most biogeographic 

provinces of the world’s ocean.  

The objectives of Tara oceans mission, an international, multidisciplinary project, was to get a  planetary 

scale understanding of the ocean ecosystem, particularly in light of climate change and to assess the 

complexity of ocean life across comprehensive taxonomic and spatial scales.  

 

Where do the missions take place ? 
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OBJECTIVES OF THE CRUISES 

The goal of Tara Oceans mission was to improve our understanding of plankton, how it evolves, how it 

interconnects and moves constantly from one ocean to another. How are micro-organisms distributed in 

the oceans and what is their biodiversity? We only know a tenth, perhaps a hundredth, of what there is 

to know. And what about the risks to plankton, the bacteria and the viruses? Are all these kingdoms linked 

and reliant on each other? In localized areas or everywhere? How many of them are there? What 

influence does temperature, salinity, acidity and physico-chemical parameters have on these strange 

creatures, and in which regions? 

In 2008, to answer these questions and with the help of the Tara Ocean Foundation, Eric Karsenti, cell 

biologist and sailor, assembled a team of researchers with complementary skills in ocean biology and 

ecology, physical oceanography, cell and systems biology, genomics and imaging, around the schooner 

Tara and a common dream: assessing a planetary ecosystem globally, from viruses to animals, from genes 

to the entire community, and integrating biological data into a rich context of physico-chemical 

parameters. 

Why Plankton ? 

Plankton, with its relative biological simplicity and homogeneity, the small size of all organisms from viruses 

to fish larvae, the constant re-organization of communities with high-turnover, and the continuous fossil 

record of some of its components, is arguably the best global ecosystem to achieve this dream of 

understanding the ecological and evolutionary principles underlying the functioning of a complex 

adaptive ecological system on our planet. What’s more, planktonic ecosystems, at the base of the 

oceanic food web, have generated our oxygenic atmosphere long before terrestrial plants emerged, 

are still today performing ~half of the photosynthesis on our planet, and sequester massive amounts of 

atmospheric CO2 into the ocean interior. Into this context the Tara Oceans project to systematically 

sample plankton ecosystems across the world’s ocean was born. 

Figure 1: The sea route  followed by the Tara Oceans mission 

Figure 2: Photo 4: Tara's bow - Pete West - Bioquest Production 
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ABOUT OUR SAMPLING STRATEGY 
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GLOBAL RESULTS OF THE TARA OCEANS MISSION 

On board the schooner Tara, Tara Oceans’ team sampled plankton at 210 globally distributed sites at 

depths down to 1,000m. We described publicly available resources of molecular, morphological and 

environmental data, and discuss how an ecosystems biology approach has expanded our understanding 

of plankton diversity and ecology in the ocean as a planetary, interconnected ecosystem. These efforts 

illustrated how global-scale concepts and data can help to integrate biological complexity into models 

and serve as a baseline for assessing ecosystem changes and the future habitability of our planet in the 

Anthropocene epoch. 

Tara Oceans mission came back with a treasure-trove of ~40,000 standardized plankton samples 

embedded into a rich context of physico-chemical parameters. Thanks to the French ‘Investissement 

d’Avenir’ grant OCEANOMICS and France-Genomics, we could generate, organize, and start analyzing 

data generated from these samples: >250 billion paired DNA reads (or >50 Terabases of raw DNA data) 

and >6 million images of single plankton (>30 Terabytes of raw data), obtained across 11 organismal size-

fractions (>8 500 plankton subcommunities) with a combination of innovative approaches in multi-omics 

technologies and automated imaging. This represents today by far the most comprehensive, publicly 

available, description of a planetary biome, and a critical base line to assess Earth-system changes. 

This report briefly synthesizes the Tara Oceans ‘omics’, ‘imaging’ and ‘ecological’ data, their integration 

in European permanent and public databases, and their use to provide a new view of plankton 

ecosystems, within each domain of life (viruses, prokaryotes, protists, and metazoans). 

 

We declare that all data reported herein are only used for fundamental research purposes and are not 

meant to be used for commercial purposes. 

 

The “-OMICS” data 

We used high-throughput DNA/RNA sequencing to assess the genetic complexity of Tara Oceans 

plankton samples. Multi-marker 

DNA metabarcoding (metaB) 

provided a primary vision of the 

diversity and abundance of 

prokaryotic and eukaryotic taxa 

inhabiting the ocean globally. 

Metagenomics (metaG) and 

metatranscriptomics (metaT) 

revealed the gene content and 

functional potential of viruses, 

prokaryotes and eukaryotes, 

generating large databases that 

can be leveraged to provide 

insights into population structure, 

gene evolution and mutation 

pressure across the three 

kingdoms of Life.  

In addition, metaT provide 

information about gene 

expression in natural conditions 

for both eukaryotes and 

prokaryotes. These efforts have 

led to the creation of large metabarcode and gene collections, annotated for their taxonomic and 

functional content, as well as their abundance in the ocean, a unique resource not only for marine 

biology and ecology, but also for other disciplines.  
In total, the current sequencing effort has produced >250 billion DNA paired reads out of >4 300 size-

fractionated plankton communities, being by far the largest homogeneous multi-omics data set for any 
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biome (>50 Terabases of raw data). Finally, metagenetics catalogs were produced for viruses, 

prokaryotes, and eukaryotes, using new bioinformatics pipelines adapted to each kingdom of Life, 

allowing gene-centric analyses to be performed, and paving the way toward genome-based meta-

analyses. 

The “IMAGING” data 

On top of our multi-omics approach to assess ocean genomes and genes, we used a series of innovative, 

automated imaging tools to identify the concentration, taxonomic composition, and morphological 

characteristics of plankton and non-

living suspended particles across 

organismal size-fractions.  

These included Underwater Video 

Profiler (UVP), Zooscan, FlowCAM, 

Imaging FlowCytobot (IFCB), Flow 

Cytometry, and a brand-new high 

content screening 3D-microscopy 

workflow, together encompassing a 

comprehensive organismal size range, 

from pico-plankton to large gelatinous 

zooplankton and marine snow, across 

different taxonomic and trophic groups, 

and generating 11 different datasets. 

More classical imaging techniques were 

also used to generate smaller datasets 

at higher resolution, including confocal 

(3D-CSLM) and electron (SEM and TEM) 

microscopy (Table 2). The full strategy was used from surface to 1000 m depth, with a current production 

of >6 million images of single plankton from >9,200 size-fractionated plankton communities (>30 

Terabytes).  

In the absence of an international framework to share and annotate environmental images (the 

equivalent of GenBank for DNA sequences), we developed a web- based application, EcoTaxa 

(http://ecotaxa.sb-roscoff.fr/), which allowed for the first-time online archiving, exploration and 

collaborative annotation of plankton images by experts worldwide. EcoTaxa also provided tools for 

computer-assisted image recognition (including deep learning algorithms) to accelerate time consuming 

taxonomic assignation by experts. The taxonomy implemented in EcoTaxa corresponded to the universal 

eukaryotic framework developed online with the world community of expert taxonomists in the UniEuk 

effort, allowing future cross-comparison between imaging and DNA sequencing data. 

 

The “Ecological” data 

Viruses 

In 2009, the baseline knowledge of ocean virus diversity and ecological genomics was incredibly low. This 

is because viruses have until very recently been near impossible to study due to the lack of experimental 

and informatics tools to ‘access’ viruses in nature. Tara Oceans transformed all that. We now know that 

there are tens of thousands of viral ‘types’ in the oceans, most of which were captured in the Global 

Ocean Virome dataset and are now incorporated into a novel network-based taxonomy that is currently 

serving as the best tool to explore the ‘dark matter’ that dominates the virosphere. Novel analytical 

approaches have also linked many of these viruses to ecologically important marine prokaryotic hosts 

and advanced our understanding of how viruses metabolically reprogram their hosts during infection by 

directly modulating key metabolic genes. 
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Prokaryotes 

In Tara Oceans, we generated the largest ocean microbial sequencing data set available to date and 

developed new bioinformatics approaches to explore the frontiers of global ocean microbial diversity. 

We found a minimum boundary of 35.000 prokaryotic ‘species’ in the pelagic realm, whose community 

structure appears to be essentially driven by seawater temperature in surface oceans. Analysis of the 

>200 metagenomes resulted in the first Ocean Microbial Reference Gene Catalogue comprising >40 

million non-redundant genes, which now serves as a treasure for biologists and marine scientists.  

 

 

 

 

 

 

 

 

 

 

 

The OM-RGC improved our understanding of biogeography and microbial functional capabilities across 

oceanic regions and ecosystems. A notable derivative was the inference of the first world ocean 

“interactome” uncovering organismal interactions across all domains of life including viruses and showing 

the predominance of biotic relations in shaping the global plankton network. We further used the power 

of Tara Oceans’ multi-omics and morphological data to unveil the functional and ecological significance 

of critical nitrogen-fixing cyanobacteria-haptophyte symbioses in the euphotic zone worldwide. A better 

understanding of the genetic capacity for mixotrophy and the factors controlling the biogeographic 

distribution of the two most abundant and widespread phototrophs on Earth (Prochlorococcus and 

Synechococcus) was established. 
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Protists 

In Tara Oceans, we focused >45% of the morpho-genetic sampling effort on protists. We then applied the 

full power of our multi-omics and automated imaging (see ‘Omics’ and ‘Imaging’ sections above) 

workflow to generate ~170 billion DNA paired-reads and >1.5 million images from ~1,000 plankton 

communities in 4 organismal size- fractions from pico- to micro-plankton. This is by far the largest consistent 

morpho-genetic dataset of protist biocomplexity from a single biome, which we leveraged by creating 

a series of new metaB transcriptomes, and single-cell genomes - reference databases for annotating 

taxonomically and functionally the deluge of new environmental data. We are also building a universal 

taxonomic framework for eukaryotes implemented at EBI, in order to unite the complex phen-omics protist 

data under a single ontology. 

Our primary large-scale DNA metabarcoding 

analysis revealed ~150,000 eukaryotic genera in 

the euphotic zone, >85% of which are protists, 

essentially heterotrophic taxa, including many 

uncharacterized parasites and symbionts, in 

addition to the better-known components of 

plankton ecosystems such as diatoms and 

ciliates. Reconstruction of a global plankton 

interactome and plankton sub-networks 

confirmed the central role of parasitic and 

photosymbiotic protists as keystone taxa 

increasing the connectivity of plankton food-

webs and the flux of carbon to deeper layers of 

the ocean. Underwater video-profiling 

reinforced the abundance of giant photosymbiotic rhizarian protists whose biomass exceeds that of all 

zooplankton in (sub)tropical oceans.                 

Tara Oceans enable to make protists emerge today as the richest biotic compartment in the world 

plankton, their fundamentally symbiotic nature increasing the complexity and connectivity of 

ecosystems. 
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Metazoans 

In Tara Oceans, we used 

five different types of nets 

to collect a unique 

collection of ~1 500 

standardized zooplankton 

samples from surface to a 

few hundred meters depth 

across the world ocean. 

Imaging and ‘omics’ tools 

were then used to assess 

the morpho-genetic 

complexity of zooplankton 

communities in well-

defined oceanographic 

provinces.    

In terms of imaging, all 

zooplankton samples have 

now been analyzed and 

their great majority 

validated by experts using 

EcoTaxa (>6 million images on http://ecotaxa.sb-roscoff.fr/). Images were used to assess the mechanisms 

contributing to the limited dispersal of Indian Ocean plankton populations into the Atlantic. In the Indian 

Ocean, combined imaging datasets have shown the absence of metazoan plankton in the Oxygen 

Minimum Zone, and its effect on carbon flux. Based on in situ video profiling (UVP) performed at each 

Tara Oceans station, we 

demonstrated that the 

biomass of rhizarian protists, 

undersampled by nets 

because of their fragility, 

may in fact be equivalent 

to that of all other 

mesozooplankton in the 

oligotrophic inter-tropical 

open oceans. On the 

‘omics’ front, Tara Oceans 

samples were used to 

reconstruct the macro- 

evolutionary history of sea 

snails (Thecosomata) using 

a combination of 

morphological and 

molecular data. 

However, these studies are 

just scratching the tip of the 

iceberg of morphogenetic 

information hidden in the 

Tara Oceans 

comprehensive 

zooplankton collection, 

and efforts to sequence 

metabarcodes and 

genomes of the main 

players and correlate 

genetic to imaging 

information is needed.   
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Plankton systems ecology  
Drafting the first global plankton interactome spanning all domains of life, to our surprise we discovered 

that biotic interactions predominate over environmental influences in shaping community structure. A 

further potentially paradigm-shifting finding was the prevalence of symbiosis sensu lato, challenging the 

classical view of food webs of producers and consumers. In Guidi et al (2016) we went further, and 

applied systems biology inspired network-partitioning methods to identify euphotic plankton sub-

communities and gene modules associated with carbon export from the upper photic zone to the ocean 

interior, demonstrating our capacity to shift focus from genes to ecosystems and extract insightful 

hypotheses about key ocean biogeochemical processes (Fig. 7). 

 

The Villar et al (2015) study of the impact of the Agulhas choke point on plankton ecosystems 

demonstrated how we can address basin scale oceanographic questions. The resulting hypothesis about 

the impact of 

Agulhas Rings on 

transported 

communities from 

the Indian to the 

Atlantic Ocean, 

successfully 

simulated in the 

MIT-GCM model, 

was only possible 

via the integration 

of in situ 

metagenomics 

data with fine 

grained physico-

chemical 

contextual 

measurements.  

 

 

 

 

This milestone 

achievement in 

deciphering 

plankton dispersal 

has been 

continued with a 

global analysis of 

the influence of 

ocean circulation 

on plankton 

biogeography 

that shows the dominating role of lagrangian currents in shaping plankton communities on a 

characteristic timescale of 1.5 years. Finally, in Caputi et al (2017) we described the dynamic plankton 

response, from genes to communities, to the key micronutrient iron. Specifically, we identified sub-

communities that displayed global distribution patterns associated with iron concentrations, responding 

locally to iron with different evolutionary strategies. Collectively, these initial studies represent 

unprecedented scale systems biology analyses of a global ecosystem and are today an international 

reference. Future effort making use of dedicated modeling will further our understanding of interactions, 

adaptation and evolution of ocean’s life in the context of ongoing climate changes. 

 

Plankton screening 
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Building upon the Tara Oceans knowledge base on global plankton eco-systems, we initiated an 

informed screening of plankton strains for secondary metabolites and lipidomics, with potential 

applications in biomedicine and pharmaceutics, bioenergy, green chemistry, and dermo-cosmetics. To 

reach this goal, we teamed up with industrial partners (Soliance-Givaudan and GreenSea) and 

developed together a strategy described in two articles (Abida et al., Marine Drugs, 2013; Baratte et al., 

Médecine et Sciences 2015), and based on screening a wide phylogenetic range of eukaryotic plankton 

strains maintained in the Roscoff Culture Collection (RCC - http://roscoff-culture-collection.org - which 

maintains >4,000 strains of marine microalgae, bacteria, and viruses). Following RCC strain selection, our 

workflow consists of: (i) biomass production by industrial partners; (ii) metabolomic screening (extraction, 

purification of compounds and their structural determination) by Nice University; (iii) bioactivity assays for 

anti-cancer and antimicrobial activities by, respectively, the KISSf facility at Roscoff and the University of 

Brest; (iv) lipidomic screening at the LPCV facility in Grenoble; (v) creation of a database of plankton 

chemical and biological activity information (Fig. 8). All extracts and purified compounds are frozen in 

microplates and stored in a collection of plankton extracts. The pipeline is now fully operational, and 17 

strains (microalgae and marine fungi) have been chemically analysed in a test phase. Four of them 

produced an interesting array of chemical compounds, including some with promising bioactivity against 

Jurkat and U2OS tumoural cells, related to leukemia and osteosarcoma, respectively. Glycerolipids found 

in planktonic cells comprise fatty acids with an immense chemical diversity of chain lengths and number 

of double bonds, from 20-22 carbons and 5-6 double bonds (in omega-3 configuration), with high 

potential for biomedical, feed and food applications, to 8-14 carbons and at most one double bond, 

having a high potential as a surrogate for fossil fuel and scaffold for green chemistry. The Grenoble and 

Roscoff teams have developed all the imaging fluorimetric tools to monitor the screening of 

phytoplankton and identify wild strains with highest glycerolipid yields. In addition, the Grenoble partner 

has built a lipidomic platform, which has become an international leader to analyse microalgal lipids, 

with results published regularly in Plant Physiology (2015, 2016, 2017) and Plant Cell (2015) and protected 

by a series of patents in 2014, 2015, 2016 and to be submitted in 2017. Samples of the RCC collection 

screened for secondary metabolites and bioactivity (see above) have been transferred to the Grenoble 

lipidomic platform for refined qualification and quantification of glycerolipids. The project is today ready 

to start a large-scale screening of the Tara Oceans samples via high throughput fluorimetry imaging, and 

of RCC plankton strains using the analytical pipeline developed at the Grenoble lipidomic platform. 

TARA OCEANS’ KNOWLEDGE BASE 
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Tara Oceans provided a foundational knowledge base in Global Ecology that allows unprecedented in-

depth exploration of our Ocean’s ecosystems. Leveraging the most advanced technologies from 

environmental science, genomics and scientific imaging, it provided data sets that are both deep and 

rich in their respective domains. In addition, though, it is unique in bringing together these three 

perspectives into an integrated, richly described and deeply structured data set that already provided, 

and will provide long into the future, a basis for the world’s interpretation of marine life in its context. 

 

Tara Oceans drew its success from: a consistent sampling across the world’s ocean, describing 210 

contrasting ecosystems in 20 biogeographic provinces (Pesant et al., Sci. Data, 2015) a coherent suite of 

protocols that effectively collected eco morpho-genetic plankton samples and data across the entire 

size and diversity spectrum of life, from viruses to animals (Pesant et al., Sci. Data, 2015); a unique and 

persistent identification of ~40,000 samples and a systematic record of their provenance and integration 

with all data derived therefrom; and an extensive set of environmental contextual information obtained 

from concurrent field measurements, satellite products, climatology and gazetteers. 

 

The regularity and quality of collected samples enabled state-of-the-art imaging and sequencing, and 

data were progressively released in open access, representing the largest coherent set of environmental, 

imaging and sequencing data collected in the global ocean and available to the international 

community. Yet only a fraction of samples has been analyzed, while replicates are preserved in trusted 

collections and biobanks for the next generation (Deliverables A). 

 

Tara Oceans fostered an ambitious, long-term infrastructure of open access archives for DNA sequences 

(ENA, http://www.ebi.ac.uk/ena), images (EuBI, http://www.eurobioimaging.eu/) (Deliverables D), and 

environmental data (PANGAEA, http://www.pangaea.de), ensuring that its knowledge base remains 

FAIR (Findable, Accessible, Interoperable and Reusable; Wilkinson et al. 2016) to all (Fig. 2). On the 

genomics side, the systematic validated sequencing methodologies used provide extensive data that 

are deeply integrated, through the sample identification system, with data from the environmental and 

imaging approaches. Comprising raw data, data derivatives that have undergone systematic quality-

control, and a variety of derived data types such as gene catalogues, taxonomic profiles and functional 

diversity analyses, the publicly available genomics data set currently amounts to 12 gigabytes of data 

covering >40 million genes. Image data from Tara Oceans have similar diversity and dimension. Spanning 

2D and 3D imaging methods across EM and light platforms, the image data sets reveal morphology, 

ecological associations, distribution data and many more insights. Web services are in place to use the 

Tara Oceans samples registries and navigate the infrastructure (https://ws.pangaea.de/dds-fdp/). 

Exploring the Tara Oceans multi-domains dataset required innovative bioinformatics tools, cloud 

computing, and next generation global ocean modeling. Although a number of bioinformatics and 

modeling tools are emerging in the framework of Tara Oceans (Deliverables E), there is a pressing need 

to develop new interfaces enabling scientists to exploit the full potential of the Tara Oceans knowledge 

base, in particular to further our understanding of interactions and the evolutionary trajectories of ocean 

life.  

Photo 4: Sailing - Pierre de Parscau - Tara Ocean Foundation 
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