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Genomics uses transdisciplinary HT approaches

to understand the complexity of life



The applications of genomics to marine sciences
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Marine genomics allows to draw global conclusions about our surrounding 
environment and to take a holistic approach to ocean management

Structure and functioning 
of marine diversity
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Seaweeds in the eukaryotic tree

Lane et al, TREE, 2008



An industrial reality



An industrial reality

Chondrus crispus raceway cultivation tank (Innovalg)



An industrial reality

Various poly/oligosaccharides 



Polysaccharides unique to brown algae

An industrial reality



Iodus 40®,

The first natural immunomodulator 
of wheat disease resistance

Marketed : Spring 2003

Active principle = LAMINARIN 
(storage polysaccharide of Laminaria digitata)

An industrial reality



Bioessays of Iodus 40Control:

Induced resistance conferred by Iodus 40 :

An industrial reality



Current trends in seaweed biotech.



Current trends in seaweed biotech. 
Genomic resources for deciphering the biology of macroalgae

Polysaccharide 
tayloring



Brown algal genomics

- GENOME SEQUENCING : 3,000,000  reads (10X, shotgun)

cDNA SEQUENCING : 100,000 reads (full-length cDNAs)

P. Rouzé / Y. van der Peer

+ Es Genome Consortium

J. M. Cock, Roscoff

- STRAIN SELECTION 
- BIOLOGICAL MATERIAL 
- LIBRARIES

- LIBRARIES
- SEQUENCING
- ASSEMBLY

- AUTOMATIC ANNOTATION
- EXPERT ANNOTATION

The Ectocarpus genome (200 Mb) project J.-M. Cock

Cock JM et al. (74 authors)
Nature. 2010 Jun 3; 465:617-21.



Brown algal genomics
Ectocarpus siliculosus – a model organism for the brown algae

Cock JM et al. (74 authors)
Nature. 2010 Jun 3; 465:617-21.



Development of genetic and genomic tools for Ectocarpus

Brown algal genomics



Large-scale genome assembly using a genetic map

New Phytologist (2010)
doi: 10.1111/j.1469-8137.2010.03273.x

Brown algal genomics



Whole genome tiling array

Brown algal genomics

Cock JM et al. Nature. 2010 Jun 3; 465:617-21.



Whole genome tiling array-results

Brown algal genomics

Cock JM et al. Nature. 2010 Jun 3; 465:617-21.



Expert annotation of the genome

Brown algal genomics

Cock JM et al. Nature. 2010 Jun 3; 465:617-21.



Brown algal genomics
Main conclusions on brown algal carbohydrate metabolism (G. Michel, SB 
Roscoff)

Michel et al. New Phytol. 2010 PMID: 20618908
Michel et al. New Phytol. 2010 PMID: 20618907



Brown algal genomics
The origin of alginate synthesis route in brown algae is likely the result of an 
horizontal gene transfer from Actinobacteria

Michel et al. New Phytol. 2010 PMID: 20618907



Brown algal genomics
The origin of alginate synthesis route in brown algae is likely the result of an 
horizontal gene transfer (HGT) from Actinobacteria

Michel et al. New Phytol. 2010 PMID: 20618907



Brown algal genomics
Hypothetical biosynthetic pathway for 

the formation of phloroglucinol 
derivatives in marine brown algae

(based on Ectocarpus genome data)



Impact of the  responses to herbivory on the 
population(s) ecology 

of Lessonia nigrescens

Massive sequencing of mRNA using 454Experimental grazing

ECOKELP:
www.sb-roscoff.fr/ecokelp/ 

www.marine-genomics
-europe.org

Brown algal genomics



Undaria pinnatifida

WAKAME 2.7 Mt

Sources: Ifremer

Brown algal genomics

- A maricultured kelp

- An invasive species

- A proposal for a pilot 
project between Japan 
& France

- 1,5X coverage

- 100 to 200,000 ESTs



Brown algal genomics

- A maricultured kelp

- Project Chile/USA

- about 1,000,000 ESTs

- A proposal for a pilot 
project between Chile, 
USA & France

-1,5X coverage?



Red algal genomics

The Chondrus
genome project

The Porphyra
genome projects



Red algal genomics



Red algal genomics



The Chondrus project
Jonas Collén-Catherine Boyen



The Chondrus genome

Sequenced by Genoscope

• Sequencing 14.3 X3 kb ⇒10.8 X

• 10 kb ⇒3.2 X

• 20 kb ⇒0.3 X

• 925 scaffolds(1,172 to 2 kbp)

(hypothetical chromosomes 3 Mbp)

• N50= 243 kb

Red algal genomics



• Automatic annotation supported by: 

• 300,000 ESTs (454), (95% matching)

• Abinitio prediction

• GenBank All proteins

Public red/brown ESTs

Cyanidioschyzon genome data

The Chondrus genome

Red algal genomics



• Clarify the position of the red algae

• Check green –brown hypothesis

• Better understanding of multicellularity

• Finding cell wall genes

• Unexpected discoveries

The Chondrus genome objectives

Red algal genomics



- genetic markers for breeding elite varieties
- transcriptomics for phenotyping at the genome level

Trends in seaweed biotechnology



Trends in seaweed biotechnology

Business need

Desired traits

Isolated gene(s)Selected plants

Elite varieties

Propagation

Production

Population and quantitative 
genetics

Biochemistry, 
molecular biology

Merging genomics into algal biotechnology

Molecular genetics

Traditional and molecular 
genetics

Genetic engineering
GMOs

Cellular biology - Reproduction biology

Agronomy, physiology

Towards the systems biology of maricultured algae



Conclusions
- Merging population genomics and classical and 
quantitative genetics in seaweed aquaculture.

- Mining genomics resources and developing post-
genomics approaches.

- Developing biotechnological tools to exploit the 
metabolic diversity of seaweeds, including protein 
expression systems to taylor precursors of bioactives

- Testing alternative processes in seaweed industry, 
including filtration and fermentation.



Thank you !

G. Michel

B. Kloareg
M. Czjzek

J.M. Cock
J. Collén C. Boyen
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