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Across broad scale range
- Spatio-temporal coverage
- Molecules,	cells,	….	up	to	Ecosystems

ADAPTATION	ET	DIVERSITE	EN	MILIEU	MARIN

Marine	ecosystems are	extremely complex
- Sizes	(macro-micro)
- Diversity
- Interactions

Burki and	keeling 2014



DNA	FOR	MOLECULAR	ECOLOGY	AND	EVOLUTION

https://laboratoryfocus.ca/new-global-resource-for-sharing-genomic-data-launched/

The	TARA	OCEANS	example:	Plankton genetic diversity
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ENVIRONMENTAL	GENOMICS

Computational	eco-system biology	in	Tara	Oceans:	translating	
data	into	knowledge.	Sunagawa,	et	al,	MSB,	2015

• 68	stations 7.2	Tbp DNA	data
• 3	depths in	the	context	of
• 243	samples the	environment

Integration	of	Tara	Oceans	and	public	data



Moore's Law,	which describes a	long-term trend	in	the	computer	hardware	
industry that involves the	doubling of	'compute power'	every two years

Wetterstrand KA.	DNA	Sequencing Costs:	Data	from the	NHGRI	Genome Sequencing Program	(GSP)	Available at:	www.genome.gov/sequencingcostsdata.	

A	BIG	DATA	ISSUE	!!

https://cloud.google.com/genomics/



BIOTIC		INTERCATIONS

Faust	and	Raes 2012	Nat.	Rev.	Microb.

Symbiosis: In 1879, H. Anton de Bary,
defined symbiosis as "the living together of
unlike organisms“. It is the close and long-
term interactions between different
biological taxa.

Worden	et	al	2015.	Science



Symbiosis	on	land

Brachmann &	Parniske 2006

SYMBIOSIS	IN	ECOLOGY

Marine	benthic	symbiosis
Larson	1987,	Haas,	J.	R.	&	Purvis,	O.	W.	2006



Reconstruction	of	the	species	interaction	network	of	the	whole
human	microbiome in	265	individuals	and	18	bodysites
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Huttenhower et	al	Nature	2012;		Faust	et	al	PLoS Comp	Biol 2012

127995	associations
92633	taxon-taxon
35362	taxon-env

The	global	ocean	interactome
an	integrated	“network	of	networks”

INTERCATIONS	NETWORKS

Lima-Mendez et	al	Science	2015



https://www.biorxiv.org/content/early/2017/10/30/211243

A,	B,	C	and	D	are	sequences

A Taxonomy

Functional	annotation

Functional	trait
e.g.	Photosymbiosis

Sequence	identity

e-value

…

COMPARATIVE	GENOMICS	=	FUNCTION	IDENTIFICATION

Goal:
Identify	gene	set	involved	in	functional	traits

Sequence	Similarity	Network
Connected	component	=	CC

� 2,933,509	Sequences

� 31,023,513	Alignments

� 295,142	Connected	components
(=protein	coding	domains)

� 186,697	no	functional	annotation	(ca 60%)

≈	80	individuals



PREDICTED	PROTEIN	SEQUENCE	SIMILARITY	NETWORK



TRAIT	BASED	ECOLOGY	WITH	“OMICS”	DATA

v Characterization	of	Genomic	Functional	Trait	(i.e.	GFT)

� Dedicated	experiments	(e.g.	stress)

� Large	scale	comparative	genomics
(using	uncultured	protists	and	unassigned	genes….)

Sunagawa et	al.	2015	Current Biol.

Trait	specific	gene	sets	
(known	&	unknown)	

Trait	based	biogeographic	
analyses	in	response	to	
environmental	gradients

MetaTranscriptomes



NEXT	CHALLENGE:	GENOMIC	OBSERVATORY



- Functional	trait	in	ecology	based	on	omics (ref	database	for	ID	or	IA)

- Integrate	various	kinds	of	data	and	scales	(DNA,	metabo,	physio,	physics,	
chemistry,	…)

- Deal	with	and	make	sense	of	the	unknown	!!

- Holobionts.	Fundamental	paradigm	change	in	bio	and	eco

- Detailed	microbial-macrobial ecological	models.	Would	include	“individually	
based	models”	where	each	individual	organism	is	explicitly	modelled,	
including	internal	functions	and	external	interactions.

Predict	ecosystems’	functions	evolution	under	changing	conditions
(fundamental	knowledge,	law	of	Nature,	Conservation,	Ecosystem	health,	society	etc…)

OBJECTIVES	AND	CHALLENGES

Russian dolls models

Time	series

• Describing	&	understanding	
patterns,	drivers

• Natural	enveloppe of	variations	
(vs disturbed	ecosystem)	

Slight	
disturbances

Undesirable	
disturbances


