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level of Marine Biotechnology research and 
corresponding infrastructures, among others 
through a future Framework Programme support 
action or a dedicated ERA-NET.

2c)	Strengthen common European platforms in the field 
of omics research which include corresponding 
bioinformatics and e-infrastructures and the 
development of centres for systems biology and 
synthetic genomics, recognising that Marine 
Biotechnology draws from a wide range of multi-
disciplinary research outputs and tools;

2d)	Develop high level European Marine Biotechnology 
research programmes taking an industry-academia 
collaborative and multidisciplinary scientific 
approach in the following thematic areas:
-	 Food: Development of food products and 

ingredients of marine origin (algae, invertebrates, 
fish) with optimal nutritional and functional 
properties for human health. 

-	 Energy: Development and demonstration 
of viable renewable energy products and 
processes, notably through the use of marine 
algae for biodiesel, biogas and by-products for 
biorefineries.

-	 Health: Development of novel drugs and 
healthcare products involving all levels of 
industry and research in an integrated manner 

Europe’s Marine Biotechnology research capabilities 
through a range of collaborative actions including:
-	 the provision of research leadership in Marine 

Biotechnology;
-	 establishing and operating the European Marine 

Biotechnology Portal (see recommendation 1a);
-	 providing essential infrastructure to ensure 

European Marine Biotechnology research 
remains competitive (see also recommendation 
2c below);

-	 training early stage scientists via a European 
Marine Biotechnology graduate development 
programme (see recommendation 4d below);

-	 operating a Marine Biotechnology resources 
centre and strengthening the awareness of Marine 
Biotechnology across European industry. 

	 In doing so, the European Marine Biotechnology 
Institute or Centre would capitalise the knowledge 
and experience gained in the different Member 
States for further optimisation of nationally based 
projects, cooperative initiatives, biobanks and 
funding. Such a Centre would also contribute to 
securing adequate supplies of biological material 
and provide a basis for much stronger industry-
academic collaborations and partnerships.

2b)	Develop a coherent European Marine Biotechnology 
RTD policy to strengthen the integration at EU 

 

Figure 41. Overview of core functions and outputs of the proposed European Marine Biotechnology Institute or Centre
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Recommended Actions:
3a)	Better adapt future EU Framework Programme finan-

cial rules and Grant Agreements to ensure that SMEs 
are attracted to participate in a way that maximises 
the reward and minimises economic risks.

3b)	Establish completely new mechanisms and policies 
to circumvent the high risk of investments in critical 
novel drugs developed from marine bioresources, 
in particular for the development of new antibiotics 
of marine origin.

3c)	Harmonise the property rights and procedures for 
the protection of intellectual property for marine-
derived products at European level but with a global 
relevance. Develop new European protocols to 
facilitate the publication of academic research results 
whilst protecting, through innovative procedures, the 
intellectual property on new discoveries, thereby 
addressing the divergent goals of the academic and 
industrial spheres and enabling them to cooperate 
more effectively.

3d)	Develop a common European position on the 
simplification and harmonisation of regulations on 
access and fair and equitable benefit sharing from 
the exploitation of marine genetic resources to 
strengthen Europe’s voice at the International level. 
In its analysis, Europe must take into account three 
‘territories’: (i) inside Europe; (ii) outside Europe; and 
(iii) international waters. 

3e)	Conduct a survey of industry stakeholders to guide 
research towards applications and processes to 
address current industry needs. Such a survey 
should consist of a wide consultation on the kind 
of marine products that industry would like to 
see developed, followed by specific requests for 
concrete applications. 

RECOMMENDATION 4: Improve training and 
education to support Marine Biotechnology in 
Europe.

While the strengthening of fundamental science is 
essential, specific education and training pathways are 
required to provide both research and industry with skilled 
graduates. The future of life sciences in the 21st century 
is closely linked to the ability of scientists to develop and 
participate in interdisciplinary projects embracing skills 
and concepts from other disciplines. Hence, training the 
next generation of marine biotechnologists must focus 
on the use of interdisciplinary and holistic approaches 
to solve technological problems specific to dealing with 
marine organisms and the marine environment. 

with targeted outcomes (e.g. five new antibiotics 
of marine origin by 2020). 

-	 Environment: Development of biotechnological 
approaches, mechanisms and applications 
to address key environmental issues such as 
biofouling, harmful algal blooms, oil spills and 
bioremediation in the marine environment.

-	 Industrial Products and Processes: 	 
Development of marine derived biomaterials and 
molecules including enzymes and biopolymers 
that have applications in human and animal health, 
in industrial and environmental areas. 

RECOMMENDATION 3: Significantly improve 
technology transfer pathways, strengthen the 
basis for proactive, mutually beneficial inter-
action and collaboration between academic 
research and industry and secure access to, 
and fair and equitable benefit sharing of, marine 
genetic resources.

With a few notable exceptions, most industrial 
contributions to Marine Biotechnology in Europe are 
generated through specialised SMEs. These small 
companies assume most of the risks inherent in RTD 
in a highly unstable economic environment and are 
characterised by a rapid turn-over. There is a danger 
that the current global financial crisis, coupled with 
reductions in available venture capital and public 
research funding, may reduce the capacity of Marine 
Biotechnology SMEs to continue to play a key role in 
developing new technologies, products and processes. 
Nevertheless, efforts to involve larger, established 
industries should also be intensified as the technology 
transfer is often incomplete if they are not involved. 

The participation of SMEs in EU research projects can 
place significant pressure on their cash flow which is a 
disincentive for them to get involved. It is crucial that 
future research and technology development funding 
mechanisms open to industry are designed to minimise 
the risks for participating SMEs and to maximise their 
potential to gain commercial advantage. Research 
contracts could allow, for example, for up to 100% of 
the additional costs to be reimbursed to participating 
SMEs, with a partial reimbursement clause to be defined 
in case of takeover by a large company. 

Another reason why academic scientists do not always 
cooperate effectively with industry is related to different 
objectives and interests in terms of publications and 
intellectual property protection and this also needs to 
be addressed. 

5. A European Strategy for Marine Biotechnology 
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Recommended Actions:
4a)	Assure that appropriate biotechnology modules 

are included in all bio-science undergraduate 
educational programmes.

4b)	Initiate actions that will ensure the participation 
of researchers from non-marine backgrounds in 
Marine Biotechnology, thus ensuring a growing 
pool of exceptional research talent is available to 
the Marine Biotechnology sector. 

4c)	Organise regular trainings or summer schools on 
Marine Biotechnology subjects supported, for 
example, by the EU Framework Programme.

4d)	Create a European School or Course on Marine 
Biotechnology (virtual and distributed) and a 
European PhD programme on Marine Biotechnology 
both of which include business and entrepreneurship 
training.

5.3 Strategic research priorities
Throughout this Position Paper, strategic areas for 
further development of Marine Biotechnology in Europe 
have been discussed, highlighting past achievements, 
current gaps and challenges and future research 
priorities. The implementation of the presented strategy 
should enable these research priorities to be addressed 
through advanced, collaborative and interdisciplinary 
research projects and programmes. For this reason, a 
summary overview of the research priorities is given in 
Summary Box 18. 

 

Figure 42. Flow-chart of recommended priority actions for immediate implementation and their expected impact
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5. A European Strategy for Marine Biotechnology 

Summary Box 18. Overview of strategic areas for Marine Biotechnology development in Europe  
and associated research priorities 

Target research area 
for development 

Research priorities and objectives

A. Marine Biotechnology contribution to key societal challenges

Food: 
Development of food  
products and ingre
dients of marine origin 
(algae, invertebrates, 
fish) with optimal 
nutritional properties 
for human health

-	 Develop innovative methods based on -omics and systems biology for selective 
breeding of aquaculture species;

-	 Develop biotechnological applications and methods to increase sustainability of 
aquaculture production, including alternative preventive and therapeutic measures 
to enhance environmental welfare, sustainable production technologies for feed 
supply, and zero-waste recirculation systems;

-	 Integration of new, low environmental impact feed ingredients to improve quality of 
products and human health benefits.

Energy: 
Development and  
demonstration of 
viable renewable 
energy products and 
processes, notably 
through the use of 
marine algae 

-	 Produce an inventory of microalgae resources for biofuel production to support 
optimisation of the most appropriate strains;

-	 Improve knowledge of basic biological functions, tools for steering the metabolism, 
and cultivation methods of marine microalgae to improve the photosynthetic 
efficiency, enhance lipid productivity and obtain microalgae with optimum 
characteristics for mass cultivation (mixed & mono cultures), biofuel production 
and biorefinery;

-	 Develop efficient harvest, separation and purification processes for micro- and 
macroalgae.

Health: 
Development of novel 
drugs, treatments and 
health and personal 
care products

-	 Increase the focus on the basic research (taxonomy, systematics, physiology, 
molecular genetics and (chemical) ecology) on marine species and organisms from 
unusual and extreme environments to increase the potential for success in finding 
novel bioactives;

-	 Improve the technical aspects of the biodiscovery pipeline, including the 
separation of bioactives, bio-assays that can accommodate diverse material from 
marine sources, dereplication strategies and structure determination methods and 
software;

-	 Overcome the supply problem to provide a sustainable source of novel 
pharmaceutical and healthcare products through scientific advances in the fields 
of aquaculture, microbial and tissue culture, chemical synthesis and biosynthetic 
engineering.

Environment: 
Development of 
biotechnological 
approaches, 
mechanisms and 
applications to  
address key 
environmental issues

-	 Develop automated high-resolution biosensing technologies allowing in situ marine 
environmental monitoring to address coastal water quality, including prediction 
and detection of HABs and human health hazards;

-	 Develop cost-effective and non-toxic antifouling technologies combining novel 
antifouling compounds and surface engineering;

-	 Consolidate knowledge on DNA-based technologies for organism and population 
identification and support the development of commercial tools and platforms for 
routine analysis.



Marine Biotechnology: A New Vision and Strategy for Europe  |  75

Industrial Products 
and Processes: 
Development of 
marine derived 
molecules exploitable 
by industry including 
enzymes, biopolymers 
and biomaterials

-	 Develop enabling technologies for high throughput enzyme screening and for the 
expression of marine proteins and enzymes through dedicated hosts;

-	 Produce marine biopolymers as novel competitive commercial products in food, 
cosmetics and health.

B. Marine Biotechnology toolkit research priorities

Genomics and  
meta-genomics, 
molecular biology  
in life sciences

-	 Implement genomic analyses of marine organisms, including the systematic 
sampling of different microorganisms (viruses, bacteria, archaea, pico- and micro-
plankton), algae and invertebrate taxa;

-	 Implement metagenomic studies of aquatic microbiomes and macrobiomes.

Cultivation of marine 
organisms

-	 Develop enabling technologies for culture and isolation of uncultivated 
microorganisms;

-	 Develop innovative culture methods adapted to vertebrate or invertebrate cell lines 
for production of active compounds.

Bio-engineering 
of marine micro- 
organisms

-	 Optimise microalgal cultivation systems with respect to energy supply, productivity 
and cost;

-	 Develop innovative photobioreactors adapted to different species of interest and 
production sites;

-	 Promote research on the biorefinery approach based on microalgae production to 
develop a long-term alternative to petrochemistry.

Marine Model  
Organisms

-	 Identify and prioritise new marine model organisms that are still not investigated in 
the tree of life and which are needed to fill critical knowledge gaps;

-	 Investigate identified marine model organism cultivation and perform genomic and 
chemical analyses.

 

Biotechnology CWG-MB, the EU-US Task Force on 
Biotechnology 11) have highlighted the potential of the 
sector and provided clear recommendations to support 
the development of Marine Biotechnology in Europe. 
Unfortunately, the recommendations arising from 
previous strategic initiatives have only been partially 
implemented and, as a result, the final objectives have 
never been fully met. Meanwhile the scientific and policy 
landscape has changed significantly and awareness has 
grown to a point where decisive support through an up-
to-date and coordinated strategy can provide a renewed 
impetus for European Marine Biotechnology research. 
The strategy proposed in this Position Paper, therefore, 
builds on previous initiatives whilst bringing new insights 
and highlighting current needs and opportunities. At the 
same time, implementation of the strategy will require 
openness, flexibility and integration within a wider policy 
and strategic framework.

11. http://ec.europa.eu/research/biotechnology/ec-us/tf_en.html 

5.4 Implementing the strategy
The strategy presented in this Position Paper contains 
a set of concrete and achievable recommendations and 
actions designed to support and develop European 
Marine Biotechnology research, enhance the European 
biotechnology and bioscience industries, and provide 
a considerable contribution to the Knowledge Based 
Bio-Economy (KBBE). 

It is not the first time that Marine Biotechnology has 
been championed as a sector where progress will be 
considerable if properly supported. Previous position 
papers (e.g. Marine Board Position Paper 4 9), science-
policy meetings (e.g. Bremen Meeting 10) and working 
groups (e.g. EC Collaborative Working Group on Marine 

9. Marine Board Position Paper 4 on Marine Biotechnology was 
published in 2001 and is available for download on www.esf.org/
marineboard/publications 
10. http://ec.europa.eu/research/press/2007/maritime-briefing/pdf/37-
bremen-marine-biotechnology-research_en.pdf 
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Successful implementation of the strategy will require 
a joint effort with active support and involvement from 
a range of stakeholders. Europe needs to mobilise 
the necessary support in terms of funding, human 
resources and research infrastructures, and to secure 
the engagement of all of the relevant actors. These 
actors include the science community, the private 
sector (e.g. individual companies, associations and 
technology platforms), policy makers and advisors 
at national and European level, national strategy and 
programme developers and managers. As each actor 
has an important responsibility to bring forward key 
elements of the strategy, mobilising, in a coordinated 
way, this diverse range of actors will be critical.

The 2020 vision presented at the beginning of the 
strategy will only be achieved through the coordinated 
implementation of all the recommendations and actions 
presented. However, some of the recommended actions 
provide a structural basis for realisation of the strategy 
and should be prioritised for early implementation. 
These include: (i) the preparation of a European 
Marine Biotechnology RTD Policy; (ii) the creation of 
a European Marine Biotechnology Institute or Centre 
and Information Portal (recommended actions 1a 
and 2a); (iii) an audit of Marine Biotechnology effort 
in Europe (including an economic evaluation of the 
benefits of Marine Biotechnology) (recommended 
action 1b); and (iv) development of a dedicated support 
action or ERA-NET to coordinate the programming 
and investments of national research funding 
organisations (recommendation 2a). Once up and 
running, these activities will act as a catalyst to drive 
implementation of the other recommended actions that 
make up the strategy. For example, a European Marine 
Biotechnology Institute or Centre could develop a 
roadmap for implementation of the strategy, coordinate 
its implementation and mobilise the relevant actors. A 
Framework Programme support action or ERA-NET, 
bringing together national funding organisations which 
support Marine Biotechnology research, can also play 
a key role in aligning existing programmes, coordinating 
investments and informing the development of new 
research programmes and initiatives.

Summary Box 19. Priority actions for immediate 
implementation

Key recommended actions which provide a struc-
tural basis for realisation of the strategy should be 
prioritised for early implementation. These include: 
•	 Preparation of a European Marine Biotechnology 

RTD Policy; 
•	 Creation of a European Marine Biotechnology 

Institute or Centre and Information Portal; 
•	 An audit of Marine Biotechnology effort in Europe 

(including an economic evaluation of the benefits 
of Marine Biotechnology); and 

•	 Development of a dedicated support action or 
ERA-NET to coordinate the programming and 
investments of national research funding organi-
sations. 

There is now a strong momentum to drive progress in 
European Marine Biotechnology in the coming decade. 
If Europe does not act now through a concerted effort 
by all the identified actors and stakeholders and 
through increasing its support with targeted funding 
and coordinated research, it will begin to lose ground 
on other global leaders in this field such as the USA, 
Japan and China. The successful implementation of 
the integrated strategy presented in this Position Paper 
has the potential, not only to significantly advance 
European research in Marine Biotechnology, but, in turn, 
to contribute significantly towards the development of 
knowledge-based jobs and economic growth and to 
meet critical societal challenges in the areas of food, 
environment, energy and health in the coming decade 
and beyond.

5. A European Strategy for Marine Biotechnology 
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AF: Antifouling
AMBIO: Advanced Nanostructured 

Surfaces for the Control of 
Biofouling (sixth Framework 
Programme project)

ARA: Arachidonic acid  
(a polyunsaturated omega-6 fatty 
acid)

BAC: Bacterial Artificial Chromosome
BRC: Biological Resource Centre	

 
COGs: Clusters of Ortholog Groups
COLIPA: The European Cosmetics 

Association
COMB: Center of Marine 

Biotechnology of the University of 
Maryland Biotechnology Institute

DHA: Docosahexaenoic acid (an 
omega-3 fatty acid)

DIN: Dissolved Inorganic Nutrients
DNA: Deoxyribonucleic acid
dsDNA: doubled-stranded 

Deoxyribonucleic acid

EC: European Commission
EC CWG-MB: European Commission 

Collaborative Working Group on 
Marine Biotechnology 

ECDP: European Centre for Disease 
Prevention

EEZ: Exclusive Economic Zone
EMBL: European Molecular Biology 

Laboratory
EMBRC: European Marine Biological 

Resource Centre
EMSO: European Multidisciplinary 

Seafloor Observatory 
EPA: Eicosapentaenoic acid (an 

omega-3 fatty acid)
EPS: Exopolysaccharides
ERA: European Research Area
ERA-NET: European Research Area 

Network
ERVO: European Research Vessel 

Operators
ESF: European Science Foundation
ESFRI: European Strategy Forum on 

Research Infrastructures
EU: European Union
EU-OPENSCREEN: European 

Infrastructure of Open Screening 
Platforms for Chemical Biology

EURO-ARGO: European component 
of a world wide in situ global 
ocean observing system, based on 
autonomous profiling floats (Argo 
floats)

EUR-OCEANS: Ocean Ecosystems 
Analysis (EU Network of 
Excellence)

F&PF: Faeces and Pseudo-Faeces
FAO: Food and Agriculture 

Organization of the United Nations
FDA: United States Food and Drug 

Administration 
FP: European Commission 

Framework Programme

GFP: Green Fluorescent Protein
GMO: Genetically Modified 

Organisms
GOED: Global Organization for EPA 

and DHA Omega-3s
Gyr: Gigayear, i.e. 1 billion years

HAB: Harmful Algal Bloom

IDSA: Infectious Diseases Society  
of America

IMTA: Integrated Multi-Trophic 
Aquaculture

IP: Intellectual Property

KBBE: Knowledge Based Bio-
Economy

KBBE-NET: Experts Group  
of officials from Member States 
on the Knowledge Based Bio-
Economy

Kbp: Kilo base pair

LDL: Low-density lipoprotein
LIFE WATCH: Science and 

Technology infrastructure 
for Biodiversity data and 
observatories 

MAP: Mussel Adhesive Proteins
MAR: Mid-Atlantic Ridge
MarBEF: Marine Biodiversity and 

Ecosystem Functioning (EU 
Network of Excellence)

MARS: European network of Marine 
Research Institutes and Stations

MEOR: Microbial Enhanced Oil 
Recovery

MGE: Marine Genomics Europe (EU 
Network of Excellence)

MGR: Marine Genetic Resource 
MS: Mass spectrometry

NIOO-KNAW: Netherlands Institute 
of Ecology

NMR: Nuclear Magnetic Resonance 
NoE: Networks of Excellence

OECD: Organisation for Economic 
Co-operation and Development

OFEG: Ocean Facilities Exchange 
Group

PCR: Polymerase Chain Reaction
PHA: Polyhydroxyalkanoate
POM: Particulate Organic Matter
PUFA: Polyunsaturated fatty acid

R&D: Research and Development
RAS: Recirculating Aquaculture 

Systems
RNA: Ribonucleic acid
ROV: Remotely Operated Vehicle
RTD: Research and Technical 

Development

SAMS: Scottish Association for 
Marine Sciences

SAP: Shrimp Alkaline Phosphatase
SMEs: Small to Medium sized 

Enterprises
SMM: Small molecule microarray
SPR: Surface Plasmon Resonance

TBT: Tributyltin 

UK: United Kingdom
UNCLOS: United Nations Convention 

on the Law on the Sea
UCSD: The University of California, 

San Diego, USA

VLIZ: Flanders Marine Institute

WG BIOTECH: Marine Board 
Working Group on Marine 
Biotechnology

List of abbreviations and acronyms
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University of Denmark, Copenhagen, Denmark 
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Environmental Research Institute, University College 
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Manfred Höfle
Helmholtz Centre for Infection Research, Dept. 
Vaccinology and Applied Microbiology, Germany 
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Instituto de Ciências Biomédicas de Abel Salazar 
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E-mail: rene.wijffels@wur.nl 
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Annex 2. Overview of major achievements of the marine 
Networks of Excellence Marbef, MGE and EUR-OCEANS

A. The Network of Excellence MGE ‘Marine 
Genomics Europe’

Bringing together about 450 scientists from 45 institu-
tions in 16 countries, MGE has considerably improved 
integration and strongly promoted interaction and col-
laboration in the field of marine genomic research. Some 
examples of MGE outputs and achievements include:
-	 MGE promoted, developed and spread a better 

understanding of the functioning of marine 
ecosystems and the biology of marine organisms 
throughout the European Union; 

-	 Contributed significantly to the acquisition of 
important genomics data on marine model organisms 
and to the development of new genomics tools;

-	 Established agreement to focus on a few model 
organisms on which genomics and post-genomics 
resources could be collectively developed in order 
to structure the community around specific research 
priorities and to gain access to large scale sequencing 
centres. Results included a significant contribution 
to the sea urchin genome project that was headed 
by BaylorCollege (Houston, Texas) Human Genome 
Centre; 

-	 Contributed to education and outreach with 16 
short training courses (mainly in Bioinformatics, 
Transcriptomics and Proteomics) and 10 summer 
courses (Marine Evolutionary & Ecological Genomics, 
Marine diversity, Life History Strategies, and plankton 
bloom dynamics); 

-	 MGE members have presented their data or the 
activities of the consortium in about 350 conferences; 
more than 230 articles acknowledging MGE were 
published in International peer reviewed journals with 
an average impact factor of 4.557.

http://www.marine-genomics-europe.org 

B. The Network of Excellence MarBEF 
‘Marine Biodiversity and Ecosystem 
Functioning’

Bringing together over 700 scientists from around Eu-
rope to integrate their research, Marbef addressed the 
scientific challenges of the most topical marine biodiver-
sity questions and provided new insights and answers at 
a scale of research never before attempted in this field 
in Europe. With 95 member institutes, MarBEF devel-
oped the critical mass to promote, unite and represent 
European marine biodiversity research at a global scale. 
Examples of major outputs and achievements include:
-	 MarBEF has established a baseline from which trends 

in marine biodiversity change can be detected at the 
relevant spatial and temporal scales; 

-	 Recent advances in molecular technologies allowed 

MarBEF scientists to identify the key microbes that 
participate in biogeochemical cycling in different 
areas in Europe;

-	 Marine biological valuations in the form of maps 
developed by MarBEF could be used as baselines for 
future spatial planning in the marine environment; 

-	 MarBEF scientists applied the most advanced 
genetic technologies to study marine biodiversity 
and phylogeographic structures which is of use to 
help improve the way fisheries are managed;

-	 MarBEF scientists gave us a better understanding of 
the role of secondary metabolites in maintaining marine 
biodiversity and driving ecosystem functioning;

-	 MarBEF scientists have shown that alterations of key 
species abundances affect ecosystem functioning 
more than changes in species diversity;

-	 Capture of 5.2 million distribution records of 17,000 
species and a total of 137 species new to science 
have been added to the European Register of Marine 
Species (ERMS) by MarBEF. Publication of 415 
scientific articles, 82% of which are ‘open access’.

http://www marbef.org/ 

C. Network of Excellence EUR-OCEANS 
‘EURopean network of excellence for OCean 
Ecosystems Analysis

From 2005 to 2008, the EUR-OCEANS Network of 
Excellence brought together more than 160 Principal 
Investigators and 350 Associated Scientists, from 61 
member research institutes and universities in 25 coun-
tries in Europe and beyond. As such, EUR-OCEANS 
has significantly contributed to the integration European 
research organisations working on global change and 
pelagic marine ecosystems. Selected achievements: 
-	 Fostered integration through education and training with 

funded PhD projects for 19 students, a postdoctoral 
programme with eleven scientists, organisation or co-
organisation of 40 summer schools and workshops 
and creation of mobility opportunities;

-	 Design and implementation of a database for sharing 
more than 110 major facilities (mesocosms, mass 
spectrometers, equipment at sea, etc.); 

-	 Development of models for assessing and forecasting 
the impacts of climate and anthropogenic forcing on 
food-web dynamics (structure, functioning, diversity and 
stability) of pelagic ecosystems in the open ocean. 

http://www.eur-oceans.eu/
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Annex 3. Selected examples of enzymes discovered  
from marine biotic sources

Activity Source Habitat

Esterase

Feruloyl esterase

Metagenome Deep-sea sediment

Metagenome Deep-sea basin

Metagenome Surface seawater

Metagenome Arctic sediment

Vibrio sp. Sea Hare Eggs

Pseudoalteromonas haloplanktis

Pseudoaltermonas haloplanktis

Antarctic Seawater

Antarctic Seawater

Lipase Metagenome Tidal Flat

Metagenome Deep-sea sediment

Metagenome Baltic Sea sediment

Pseudoalteromonas haloplanktis TAC125 Antarctic Seawater

Aureobasidium pullulans HN2.3 Sea saltern

Cellulase Pseudoalteromonas sp. DY3 Deep-sea sediment

Pseudoalteromonas haloplanktis Antarctic Seawater

Teredinibacter turnerae T7902T Shipworm

Marinobacter sp. MSI032. Marine sponge

Chitinase Metagenome Estuary

Arthrobacter sp. TAD20 Antarctic ice

Rhodothermus marinus Marine hot spring

Amidase Metagenome Marine sediments / sludges

Amylase Aureobasidium pullulans N13d Deep-sea sediment

Metagenome

Nocardiopsis sp.

Deep-sea hydrothermal vent

Deep-sea sediment

Phytase Kodomaea ohmeri BG3 Fish gut

Protease Pseudomonas strain DYA, Deep-sea sediment

Aerpyrum pernix K1 

Pseudoalteromonas, Shewanella, Colwellia, 

Planococcus species

Antarctic Seawater

Sub-Antarctic sediment 

Coastal solfataric vent

Alkane hydroxylase Metagenome Hydrocarbon seep

Metagenome Deep-sea sediment

Xylanase Pseudoalteromonas haloplanktis Antarctic Seawater

Alanine ehydrogenase Psychrophilic bacterium strain PA-43 Sea Urchin

Chitinase Arthrobacter sp. TAD20

Rhodothermus marinus

Antarctic ice

Marine hot springs
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Activity Source Habitat

β-Galactosidase Arthrobacter sp. SB

Guehomyces pullulans

Antarctic seawater

Alcohol ehydrogenase Flavobacterium frigidimaris KUC-1 Antarctic seawater

Malate dehydrogenase Flavobacterium frigidimaris KUC-1 Antarctic seawater

Isocitrate ehydrogenase Colwellia psychrerythraea Arctic marine sediment

Isocitrate lyase Colwellia psychrerythraea Arctic marine sediment

Catalase Vibrio salmonicida Fish Microbiota

Uracil Dna Glycosylase Marine bacterium strain BMTU3346 Marine sample

Epoxide hydrolases Erythrobacter litoralis HTCC2594 Seawater

Aminopeptidase Colwellia psychrorythraea strain 34H Marine sediment

Subtilisin Bacillus TA41 Antarctic seawater

Trehalase Rhodothermus marinus Marine Hotsprings

Pectate lyase Pseudoalteromonas haloplanktis strain 
ANT/505

Antarctic sea ice

β-D-glucosidase Shewanella sp. G5 Munida subrrugosa 

Homoserine ranssuccinylase Thermotoga maritima Marine sediment

Quinol oxidase Shewanella sp. strain DB-172F Deep-sea sediment

Agarase Pseudoalteromonas gracilis B9

Microbulbifer sp.

Microscilla sp.

Pseudoalteromonas carrageenovora

Zobellia galactinovorans

Pseudomonas atlantica T6C

Alteromonas agarylytica

Agarivorans sp. JAMB-A11

Vibrio sp. JT0107

Marine macroalgae

Deep-sea sediment

Marine sediment

Marine macroalgae

Marine macroalgae

Marine macroalgae

Marine macroalgae

Marine macroalgae

Seawater

Carrageenase Pseudoalteromonas carrageenovora

Zobellia galactinovorans

Alteromonas fortis

Marine macroalgae

Marine macroalgae

Marine macroalgae

Porphyranase Zobellia galactinovorans Marine macroalgae

Fucanase Marineflexile fucanivorans Alginate plants waste waters

Fucoidan-degrading enzyme Fucophilus fucoidanolyticus Marine echinoderme

Sulfatase Zobellia galactinovorans

Rhodopirellula baltica

Marine macroalgae

Water column Batic sea

Mannuronan C5-epimerase Laminaria digitata Sea shore

Galactose sulfurylase Chondrus crispus Sea shore
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Activity Source Habitat

Alginate-lyase Haliotis discus discus

Pseudoalteromonas atlantica AR06

Pseudoalteromonas sp. IAM14594

Pseudoalteromonas sp. CY24

Vibrio sp. A9m

Cobetia marina

Agarivorans sp. JAM-A1m

Porphyra yezoensis

Streptomyces sp. 

Pseudomonas alginovora XO 17

Sea shore

Coastal water

Marine macroalgae

Seawater

Deep-sea sediment

Marine environment

Marine macroalgae

Sea shore

Marine macroalgae

Marine macroalgae

Halo-peroxidase Laminaria digitata Sea shore

Annex 3. Selected examples of enzymes discovered  
from marine biotic sources
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Taxonomy  
(phylum  
or class)

Applications Species Genomic  
resources

Other resources 
(enabling 
technologies, 
post-genomics)

Eukaryotes

Animals

Cnidaria Evo-Devo
Phylogenomics

Clytia 
hemisphaerica
Jellyfish

Genome sequencing 
in progress 
ESTs

Ctenaires Evo-Devo 
Ecology
Phylogenomics
Regeneration

Pleurobrachia pileus
comb jellies

Genome sequencing 
in progress
ESTs

Acoela Evo-Devo 
Ecology
Phylogenomics
Regeneration
Photosymbiosis

Symsagittifera 
roscoffensis

ESTs, BACs In situ 
hybridization 
Immuno
localization

Echinodermata Evo-Devo
Ecology
Ecotoxicology
Immunologie
Human disease 
(cancer)

Strongylocentrotus 
purpuratus
Sea urchin

Genome sequence  
available 
ESTs, BACs

Knock down using  
morpholinos 
Transient  
transformation 

Echinodermata Evo-Devo 
Human disease 
(cancer)

Paracentrotus 
lividus 
Sea urchin

ESTs In situ  
Hybridization 

Echinodermata Evo-Devo 
Regeneration

Echinodermata Evo-Devo 
Ecology
Immunology
Regeneration

Asterias rubens
starfish

Genome sequencing 
on going

Ascidiacea Genetics
Evo-Devo 
System biology
Study of the  
nervous system

Ciona intestinalis
Ciona savignyi
tunicate

Genome sequence 
available
ESTs, BACs 

Electroporation 
injection technics,
Knocking 
out using 
morpholinos and 
transformation

Annex 4. Overview of marine model organisms

Below table presents an overview of marine organisms 
currently used as model organisms for various purpos-
es. To improve contributions of marine model organism 
studies for biotechnological purposes, there is a need for 

an in-depth evaluation to identify, prioritise and select a 
limited number of appropriate marine model organisms 
which could provide critical knowledge to stimulate the 
development of biotechnological applications.

* Evo-Devo = Evolutionnary and Developmental Biology
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Taxonomy  
(phylum  
or class)

Applications Species Genomic  
resources

Other resources 
(enabling 
technologies, 
post-genomics)

Cephalochordata Evo-devo
Phylogenomics

Branchiostoma 
lanceolatum
Branchiostoma 
floridae
Amphioxus, Lancelet

Genome sequence 
available for  
B. floridae

Knock down using 
morpholinos 
Transient  
transformation

Chordata,
Actinopterygii

Fisheries/ 
Aquaculture

Salmo salar 
Atlantic Salmon

ESTs, BACs
Genome sequence 
available

Physical 
and genetic 
maps, QTL 
Transcriptomics

Chordata,
Actinopterygii

Fisheries/ 
Aquaculture

Sparus Auratus
Seabream

ESTs, BACs, BAC 
end sequences

Molecular 
markers, Genetic 
map, Radiation 
hybrid map,
Transcriptomics

Chordata,
Actinopterygii

Fisheries/ 
Aquaculture

Dicentrarchus labrax
Seabass

ESTs, BACs, Draft 
genome sequence 

Molecular markers
Genetic map, 
Radiation hybrid 
map
Transcriptomics

Chordata,
Actinopterygii

Fisheries/ 
Aquaculture

Gadus mohrua
Cod

ESTs Molecular markers

Chordata,
Actinopterygii

Evo-Devo Tetraodon nigroviridis
Green spotted Puffer 
fish

ESTs,  
Genome sequence

Genetic map

Chordata,
Actinopterygii

Evo-Devo Takifugu rubripes
Japanese puffer fish

ESTs, cDNA,  
Genome sequence

Chordata,
Actinopterygii

Evolution
Ecotoxicology

Fundulus heteroclitus 
mummichog

linkage map;
transcriptomics

Chordata,
Actinopterygii

Fisheries/ 
Aquaculture

Gadus morhua 
cod

Genome fully
sequenced

linkage map, SSR/
SNP, SNP-array,

Chordata,
Actinopterygii

evolution/ 
ecology

Gasterosteus 
aculeatus 
threespined 
stickleback

Genome fully
sequenced and well 
assembled  
EST, BAC 

linkage map, oligo 
expression array, 
SNP chip

Chordata,
Actinopterygii

Fisheries/ 
Aquaculture 

Paralichthys olivaceus 
bastard halibut

ESTs
BAC

linkage map, 
SSR markers 

Chordata,
Actinopterygii

Fisheries/ 
Aquaculture 

Scophthalmus 
maximus
turbot

ESTs linkage map;
SSR and SNP 
markers

Chordata,
Actinopterygii

Fisheries/ 
Aquaculture 

Solea senegalensis 
Senegal sole

transcriptomics,
SSR markers

Chordata,
Actinopterygii

Fisheries/ 
Aquaculture 

Solea sole 
sole

transcriptomics, 
SNP-chip

Annex 4. Overview of marine model organisms
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Taxonomy  
(phylum  
or class)

Applications Species Genomic  
resources

Other resources 
(enabling 
technologies, 
post-genomics)

Chondrichthyes Ecotoxicology 
Evo-Devo 

Scyliorhinus canicula
dogfish

ESTs In situ 
Hybridization 

Cephalaspido-
morphs

Ecotoxicology 
Evo-Devo

Petromyzon marinus
Sea lamprey

Genome sequencing 
on going 

In situ 
Hybridization 
Knocking out 
using morpholinos
Transient 
transformation

Polychaeta Evo-Devo Platynereis dumerilii
Marine annelid worm

ESTs
BACs

In situ 
hybridization
Knock down using 
morpholinos
Transient 
transformation

Platyhelminthes Evo-Devo 
Stem cells biology 
Apoptose 
regeneration

Schmidtea  
mediterranea
flatworm

Genome sequencing 
done
ESTs

In situ 
hybridization
RNAi gene knock 
out
transcriptomics

Bivalvia Aquaculture Crassostrea gigas
Oyster

ESTs, BACs,
Genome sequencing 
in progress

RNAi gene knock 
out
In situ 
hybridization
Transcriptomics

Bivalvia Aquaculture Mytilus galloprovincalis
Mussel

ESTs Molecular markers
Genetic map
Transcriptomics

Gastropoda Neurobiology
Human disease 
(cancer)

Green plants

Monocotyledons
Alistmatidae

Ecology Zostera Marina ESTs
Genome sequencing 
in progress

Green algae

Prasinophytes
(unicellular)

Cellular Biology 
Ecology 
Cellular cycle 
Photosynthesis
Circadian rythms

Ostreococcus taurii Genome sequence 
available, BACs, EST

Transformation
Transcriptomics
Ecotypes 
collection
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Taxonomy  
(phylum  
or class)

Applications Species Genomic  
resources

Other resources 
(enabling 
technologies, 
post-genomics)

Heterokonta

Phaeophyta Evo-Devo 
Ecophysiology, 
Ecology, stress
Cell-wall
Photosynthesis

Ectocarpus siliculosus Genome sequence 
available
EST

Transcriptomics, 
Mutants, 
proteomics,
Tiling, genetic 
map
Protoplasts, 
ecotypes 
collection, 
molecular markers

Phaeophyta Ecology, 
Polysaccharides
Aquaculture

Laminaria digitata EST protoplasts

Diatoms Ecology
Development
Cell division
Environmental 
genomics
Photosynthesis

Phaeodactylum  
tricornutum

Genome sequence 
available
EST

Genetic 
transformation
Transcriptomics

Diatoms Ecology
Development
Cell division
Environmental 
genomics
Photosynthesis

Thalassiosira  
Pseudonana

Genome sequence 
available
EST

Genetic 
transformation
Transcripomics

Rhodophyta (red algae)

Rhodophyceae Biology, ecology, 
ecophysiology, 
polysaccharides
Photosynthesis
aquaculture

Chondrus crispus
Irish moss

Genome sequencing 
in progress,
ESTs

Transcriptomics, 
protoplasts

Bangiophyceae Biology, ecology, 
ecophysiology, 
Photosynthesis
aquaculture

Porphyra umbilicalis
nori

Genome sequencing 
in progress
ESTs

Protoplast fusion
Molecular markers
Mutants

Haptophytes

Prymnesio-
phyceae

Environmental 
genomics,
Ecology,
Paleoclimatology

Emiliania huxleyi
Coccolithophores

Genome sequencing 
in progress,
ESTs

Transcriptomics

Annex 4. Overview of marine model organisms
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Taxonomy  
(phylum  
or class)

Applications Species Genomic  
resources

Other resources 
(enabling 
technologies, 
post-genomics)

Prokaryotes

Archaea

Euryarchaeota Environmental
Biotechnology
Biology

Pyrococcus sp Genome sequence 
available

Transcriptomics

Eubacteria

Cyanobacteria Environmental  
genomics

Prochlorococcus 
marinus Strain 
PCC9511

Genome sequence 
available

Transcriptomics

Cyanobacteria Environmental  
genomics

Synechococcus 
WH7803, WH8102, 
RS9916

Genome sequence 
available

Transcriptomics
Mutants

Bacteroidetes Environmental 
genomics, metabo-
lism, carbohydrate 
modifying enzymes

Zobellia 
galactinovorans

Genome sequence 
available

Transcriptomics
Genetic 
transformation
Mutants

Gamma  
proteobacteria, 
Vibrionales

Environmental  
genomics,
aquaculture

Vibrio tapetis CECT Genome fully 
sequenced

Genetic 
transformation
GFP

Gamma  
proteobacteria, 
Vibrionales

Environmental 
genomics, 
aquaculture

Vibrio tapetis LP2 Genome fully 
sequenced

GFP

Gamma  
proteobacteria, 
Vibrionales

Environmental 
genomics

Vibrio harveyi, ORM4 Genome fully 
sequenced

Genetic 
transformation, 
GFP

Gamma  
proteobacteria, 
Vibrionales

Environmental 
genomics

Vibrio harveyi, 7890 Genome fully 
sequenced

Genetic 
transformation, 
GFP

Gamma  
proteobacteria, 
Vibrionales

Environmental 
genomics

Vibrio nigripulchritudo Genome fully 
sequenced

Genetic 
transformation, 
GFP

Gamma  
proteobacteria, 
Vibrionales

Environmental 
genomics

Vibrio aesturianus Genome fully 
sequenced

Proteomics, 
Genetic 
transformation, 
GFP

Gamma  
proteobacteria, 
Vibrionales

Environmental 
genomics

Vibrio splendidus Genome fully 
sequenced

Proteomics, 
Genetic 
transformation, 
GFP
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Marine Board-ESF

The Marine Board provides a pan-European platform 
for its member organisations to develop common pri-
orities, to advance marine research, and to bridge the 
gap between science and policy in order to meet future 
marine science challenges and opportunities.

The Marine Board was established in 1995 to facilitate 
enhanced cooperation between European marine sci-
ence organisations (both research institutes and research 
funding agencies) towards the development of a common 
vision on the research priorities and strategies for marine 
science in Europe. In 2010, the Marine Board represents 
30 Member Organisations from 19 countries.

The Marine Board provides the essential components for 
transferring knowledge for leadership in marine research 
in Europe. Adopting a strategic role, the Marine Board 
serves its Member Organisations by providing a forum 
within which marine research policy advice to national 
agencies and to the European Commission is developed, 
with the objective of promoting the establishment of the 
European Marine Research Area.

http://www.esf.org/marineboard

European Science Foundation

The European Science Foundation (ESF) is an inde-
pendent, non-governmental organisation, the members 
of which are 79 national funding agencies, research 
performing agencies, academies and learned societies 
from 30 countries.

The strength of ESF lies in the influential membership 
and in its ability to bring together the different domains 
of European science in order to meet the challenges of 
the future.

Since its establishment in 1974, ESF, which has its 
headquarters in Strasbourg with offices in Brussels 
and Ostend, has assembled a host of organisations 
that span all disciplines of science, to create a common 
platform for cross-border cooperation in Europe.

ESF is dedicated to promoting collaboration in scientific 
research, funding of research and science policy across 
Europe. Through its activities and instruments ESF has 
made major contributions to science in a global con-
text. The ESF covers the following scientific domains:
• 	Humanities
• 	Life, Earth and Environmental Sciences
• 	Medical Sciences
• 	Physical and Engineering Sciences
• 	Social Sciences
• 	Marine Sciences 
• 	Materials Science and Engineering
• 	Nuclear Physics
• 	Polar Sciences
• 	Radio Astronomy
• 	Space Sciences

www.esf.org



P
rin

t r
un

: 1
 5

0
0 

– 
S

ep
te

m
b

er
 2

01
0

Wandelaarkaai 7  |  8400 Ostend  |  Belgium 

Tel: +32 59 34 01 63  |  Fax: +32 59 34 01 65

marineboard@esf.org

www.esf.org/marineboard

Position Paper 15

Marine Biotechnology:
A New Vision and Strategy for Europe
September 2010

Marine Board Member Organisations

www.esf.org/marineboard




