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Why use Marine Genetic Resources?
Offers advantage over comparable terrestrial resource:

Superior performance
Better economics

Unprecedented activity in particular application:
Enzymes: new reactivity/new biotransformation
Small molecules: novel chemical structures & new 
mechanism of action
Materials: new properties

Vent Polymerase
for DNA amplification
Origin: Vent bacterium

Halaven for cancer
Origin: 
Japanese sponge
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MGR Derived Pharmaceutical Products on the Market

All from EEZ apart from 1 (high seas) – All prior to CBD coming into force
None rely on harvesting natural source except fish oils

Purified 
fish oil
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Pharmaceutical Pipeline

Pre P-I P-II P-III Clinic

7250+ 15 310
None from ABNJ – mainly reef derived

Mainly anti-cancer with a few analgesics and antivirals

Mainly start-ups at early stage with large pharma at late stage

http://marinepharmacology.midwestern.edu/ 
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Non-Pharma MGR Derived Products on the Market

Vent Polymerase – for DNA amplification
Origin: Vent bacterium (Naples, Italy)
Production: Recombinant
Owner: New England Biolabs

Fuelzyme – Enzyme used in biodiesel production
Origin: Deep sea bacterium (location unknown)
Production: Recombinant
Owner: Verenium (BASF)

Cosmetic screening infra-red rays
Origin: Vent bacterium (location unknown)
Production: Bacterial culture
Owner: Sederma (Croda)

Anti biofilm agents
Origin: Red seaweed
Production: Chemical Synthesis
Owner: XXXXX
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Fish as Commodity vs Fish Valued for its Genetic 
Properties

Cod Cod DNA

Food

Estimated Cost = US$ 1 Bn/gramme
Sold in ‘units’ – market very smallFish Oils
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A Definition of Marine Genetic Resources?

Marine Genetic Resources: Term has no meaning to biologists 
and is not defined in UNCLOS but is taken to mean the Nagoya 
Equivalent:

“Marine genetic material” means any material of plant, animal, 
microbial or other origin, found in the marine environment, 
containing functional units of heredity;

“Marine genetic resources” means marine genetic material of 
actual or potential value”
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Marine Genetic Resource Diversity
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estimate of marine
microbial diversity or
its economic value
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Phyla Figure

		PHYLA AND DISTRIBUTION IN THE ANIMAL KINGDOM

						Habitat

		Phylum		Marine				Freshwater				Terrestrial				Symbiotic

		Porifera		3				1								1

		Placozoa		1

		Cnidaria		3		2		1		1						1

		Ctenophora		1		1

		Platyhelminthes		3		1		3				2				1		4

		Gnathostomulida		2

		Nemertea		2		1		1				1				1

		Nematoda		3		1		3		1		3		1		3		3

		Rotifera		1		1		2		2		1				1		1

		Gastrotricha		2				2

		Kinorhyncha		2

		Loricifera		1

		Tardigrada		1				2				1

		Priapula		1

		Mollusca		5		1		3				3		1		1		1

		Kamptozoa		1				1								1

		Pogonophora		2

		Sipuncula		2								1

		Echiura		2

		Annelida		4		1		2				3				2

		Onychophora										1

		Crustacea		4		3		3		2		2				2		2

		Chelicerata		2		1		2		2		4		3		2		1

		Uniramia		1		1		3		2		5		3		2		2

		Chaetognatha		1		1

		Phoronida		1

		Brachiopoda		2

		Bryozoa		3				1

		Echinodermata		3		1

		Hemichordata		1

		Urochordata		3		1

		Cephalochordata		1

		Vertebrata		3		3		2		3		3		3		1		1

				B		P		B		P		M		X		Ec		En

		Numbers indicate the approximate number of recorded living species:

		1 = 1-102;   2 = 102-103;   3 = 103-104;   4 = 104-105;   5 = 105 or more.  (Chris these are exponents)

		B = benthic;  P = pelagic;  M = moist;  X = xeric;  Ec = ecto;  En = endo.







9

Biological Resources

Marine biological resource

Cells (one or more)

DNA (GR/Functional
Units of Heredity)
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The Central Dogma of Molecular Biology

DNA (GR/Functional
Units of Heredity)

Metabolites

RNA – translates
Information from DNA
Into proteins

Transcription

Proteins/Enzymes

Translation

Derivatives

Derivatives
Derivatives

X

XGenetic Sequence Data

In Silico Data

http://www.google.co.uk/url?sa=i&rct=j&q=tRNA&source=images&cd=&cad=rja&docid=f5y1EMinpAWnLM&tbnid=27c0tnCOy_tVdM:&ved=0CAUQjRw&url=http://www.biomedcentral.com/1471-2164/13/S3/S7/figure/F1?highres=y&ei=ynszUeSSHuam0QW0y4GwCw&bvm=bv.43148975,d.d2k&psig=AFQjCNGZKNe4DW_wECwIe09keGcHIj7UmA&ust=1362414912893054
http://www.google.co.uk/url?sa=i&rct=j&q=tRNA&source=images&cd=&cad=rja&docid=f5y1EMinpAWnLM&tbnid=27c0tnCOy_tVdM:&ved=0CAUQjRw&url=http://www.biomedcentral.com/1471-2164/13/S3/S7/figure/F1?highres=y&ei=ynszUeSSHuam0QW0y4GwCw&bvm=bv.43148975,d.d2k&psig=AFQjCNGZKNe4DW_wECwIe09keGcHIj7UmA&ust=1362414912893054
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Bioprospecting vs Biodiscovery
Bioprospecting (Oxford English Dictionary): “the search for 
plant and animal species from which medicinal drugs and other 
commercially valuable compounds can be obtained.”

Unlike seabed mining, marine genetic resources are not mined.

The MGR are used as inspiration to generate a product which is 
made by other means.

For this reason the words “marine biodiscovery” are used which 
suggest that it is the inspiration that is important and that the 
resource is not mined.
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Marine Scientific Research/Bioprospecting

Sampling in ABNJ
Research

MGR
Research
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Research
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MSR vs Bioprospecting

Application

• Cruise 
plan

Award

• Feasibility
• Checks

After Cruise

• Cruise 
report

MSR
• Most cruises are for 

basic research
• Freedom of MSR, but 

notify central 
organisation

• File cruise report 
(where?)

Bioprospecting
• Require yearly update 

on cruise report to 
alert to change of use

• Only needed on 
commercialisation (not 
just IP filing, but actual 
use)

http://www.marineinsight.com/wp-content/uploads/2013/03/RRS-Discovery.jpg
http://www.marineinsight.com/wp-content/uploads/2013/03/RRS-Discovery.jpg
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Where Do Research Vessels Go?
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Impact of Sampling

Alan Jamieson, OceanLab, University of Aberdeen

Trawling impact ranges from 0.005 to 
0.009 km2

Gravity coring leaves a 10cm diameter 
hole that close within 1 h.

Mega coring in a typical cruise will 
impact ~0.5m2 of seafloor 

Removing 0.5m2 of seafloor in 
ABNJ = 0.19cm2 of Yellowstone 
national park



16

Impact of Sediment Sampling (Estimate)
• Volume of a 1 m long core 15 cm Ø 

= 20 liters
• Estimate 5 cores sampled at same 

time = 100 liters
• Total sampling points recorded = 

100,000*
• Total volume = 10,000,000 liters = 

10,000 m3

• Equivalent to 150 x 40 foot shipping 
containers (66 m3 each)

• Equivalent to a layer 32 picometers
(32 x 10-12 m) thick covering ABNJ

• 32 picometers is equivalent to 
radius of Helium atom
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Good Practice for Cruise Data and Samples

Metadata may include
Location
Depth
Temperature
Salinity
pH
Oxygen content
Seafloor conditions

Sample storage
Ambient temperature
Cooler (4oC)
Freezer (-20oC)
-80oC Freezer
Liquid nitrogen (-196oC)
Formaldehyde
Ethanol
DNA/RNA preservation liquids

Needs standardisation
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Monitoring Sample and Data Flows

Possible to track sample from origin to exploitation
(but better databases are needed)

Modifications to DNA or compound may make it hard to trace MGR origin
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Tracking Samples can be Tricky

Vent Polymerase
For DNA amplification
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Real Benefit Scenario

• Typical industry royalties on natural products 
developed into drugs is 1-3%

• Halaven (Eisai), derived from a Japanese sponge makes 
US$200 M per year – in principle yielding US$ 2-6 M pa.

• Currently 7 approved marine drugs – total royalties 
would be US$ 10-50 M.

• Blockbuster drug (> US$ 1 Bn pa income) would yield 
US$10-30 M pa

• Currently 7 approved marine drugs come from ~28,000 
discovered marine compounds (1 in 4000 chance) –
none are ‘blockbusters’

• All examples were discovered pre-CBD – not clear if 
actual royalties are being paid

• Other markets – nutraceuticals/cosmeceuticals, lower 
risk, quicker to market, lower investment and lower 
returns. 

1990
• Discovery

1996
• Total 

synthesis

2003
• Industry 

synthesis

2007
• EMA

2015
• FDA

YondelisTM
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Benefit Sharing

• Must be multilateral compared to bilateral for Nagoya Protocol
• In most cases most important benefits from use of MGR are non-

monetary.
• Non-monetary benefits may include:

• Scientific exchanges/training
• Technology transfer
• Capacity building (infrastructure)
• Enhanced reputation
• Increased number/quality of scientific publications
• Biodiversity conservation
• Valuable regional resources developed (knowledge, samples, 

data)
• Non-monetary benefits still cost money – however they are upfront 

compared to royalties
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Is a Public Domain/Open Access Approach Possible?

• Public domain/Open Access approach may be 
used when:
• There is no desire/need to control access
• There is more than enough of a resource for 

all to utilise
• Precedents in 

biology/software/semiconductors
• Low cost – commensurate with size of problem
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Public Domain Approach

• All should be able to benefit from discoveries
• This approach will lead to greater innovation, transparency and 

openness
• Access for landlocked & developing countries
• Make sure all can benefit and can exploit - requires capacity 

building to ensure fairness

U
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Biobricks
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How to Facilitate MSR 
Whilst Allowing Commercialisation 

MGR samples
and raw data

Share samples and data 
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Summary

Define extent of marine biodiversity relevant to bioprospecting 
Need definition of MGR – get input from marine scientists
Need case studies of non-pharmaceutical products based on 
MGRs and their origins
Need to obtain realistic benefit scenarios
Propose light touch regime based on current good practice
Develop mechanisms to track developments based on MGRs
Propose common domain/open access model – needs capacity 
building/technology transfer to ensure fairness
Implementing agreement needs to be flexible to accommodate 
rapid progress in science



“The research leading to these results has received funding from the 
European Union's Seventh Framework Programme
(FP7/2007-2013 under grant agreement n°312184)”
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