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Why use Marine Genetic Resources?

» Offers advantage over comparable terrestrial
resource:

. Superior performance
. Better economics
o Unprecedented activity in particular application:
— Enzymes: new reactivity/new biotransformation

— Small molecules: novel chemical structures & new
mechanism of action

— Materials: new properties
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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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Non-Pharma MGR Derived Products on the Market

VENUCEANE

Vent Polymerase — for DNA amplification Cosmetic screening infra-red rays

Origin: Vent bacterium (Naples, Italy) Origin: Vent bacterium (location unknown)
Production: Recombinant Production: Bacterial culture

Owner: New England Biolabs Owner: Sederma (Croda)

Jueizyme-

THE NEXT-GENERATION, HIGH-PERFORMANCE
‘ALFHA-hMYLASE FOR MASH LIQUEFACTION

Fuelzyme — Enzyme used in biodiesel production Anti biofilm agents

Origin: Deep sea bacterium (location unknown) Origin: Red seaweed

Production: Recombinant Production: Chemical Synthesis

Owner: Verenium (BASF) Owner: XXXXX e
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MGR Derived Pharmaceuticals

Yondelis for cancer
Origin: Caribbean seasquirt
Production: Semi-synthesis

.....

Prlalt for pain
Origin: Phillippino cone snail
Production: Recombinant

1000 m
soft capsules
Omega-3-acid
ethyl esters 80
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w-3 polyunsaturated fatty acids

for heart disease Origin: Fish
Production: Fish

&Halaven : .

Halaven for cancer
Origin: Japanese deep water sponge
Production: Chemical synthesis. .
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Discovery Timeline

Yondelis™

Yondelis  yondelis
e

Trabectedin

 Discovery

* Total
synthesis

e Industry . tt _
synthesis Ecteinascidia turbinata.

e EMA

e FDA

Baseline >18 Cycles
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Biological Resources
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DNA (GR/Functional
Units of Heredity)

Cells (one or more)

Marine biological resource
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The Central Dogma of Molecular Biology

" Derivatives

RNA — translates

YHRIRRFAVDLE DET £ { HEE
FTIAILEALTEY S0V IIHII WGESK

vnengnasmrcsosee | TrANSCHPEION Information from DNA
DNA (GR/FunctlonaI Into proteins
Units of Heredity)
Genetic Sequence Data Translation

Derivatives

\ ;
MetabolitesDerivatives Proteins/Enzymes
In Silico Data .
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Marine Scientific Research/Bioprospecting

Sampling in ABNJ MGR Chemistry
Research Research Research
.. Commercialisation R
Product Bioassay
Research
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MSR vs Bioprospecting

| ™
e Cruise
Application plan
- agm \
e Feasibility
e Checks
Y,
| ™
e Cruise
report
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MSR

* Most cruises are for
basic research

e Freedom of MSR

* File cruise report to
funder

How Might
Bioprospecting be
Accommodated?

e Require updates on
cruise report to alert to
change of use

Notify when
commercialisation
occurs
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Good Practice for Cruise Data and Samples

Metadata may include Sample storage
ILocation |IAmbient temperature
IDepth ICooler (4°C)
ITemperature IFreezer (-20°C)

|Salinity 1-80°C Freezer

IpH ILiquid nitrogen (-196°C)
10xygen content IFormaldehyde

ISeafloor conditions IEthanol
Fosird Bl == IDNA/RNA preservation liquids

Needs standardisation

*
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Mare Geneticum Provides Building Blocks Based on
Scientific Good Practice

- Obligatory Prior
Electronic Notification (OPEN)

Access -

Update OPEN
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Mare Geneticum Obligatory Prior Electronic Notification

Data on OPEN could include:

Information on collector and contact point
Geographical area of sampling

Period of sampling

Research project description (cruise plan)

Expected nature of what will be collected (grab, core,
sediment, invertebrate, plankton etc)

Description of targeted MGR when possible

Commitment to release samples and data in open access
biorepository (but conditional on intended use)

Commitment to update OPEN at certain milestones.

14
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Benefits to Scientists of the OPEN System

Global data sharing platform and clearing house
mechanism for marine biodiversity data in all ocean
basins including ABNJ

A mechanism for international cooperation in MSR,
coordination in global ocean observation and
development of standards, manual and guidelines and
codes of conduct in MSR and data sharing protocols

A global network of regional centres to enhance
capacity, by training the next generation of scientists
and area managers in applying international standards
and best practices
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Monitoring Sample and Data Flows

o Bl
II

Sampling in ABNJ

MGR Bioassay ala '
Product
Al ., & COMPOUND

- i 0 —s— %'% ] I
SITE |=—| ORGANISM |=—| BIOMASS |—| CHEMISTRY |—> ACTIVITY

SOURCE sibpasisesiss . = - -.—‘.

H ——

OpenNAPIS™
Funﬂtiﬂnﬂ DESIQI"I Wihite Point Systems, Inc.

20100828

Possible to track sample from origin to exploitation

Needs improved data infrastructure
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Tracking Samples can be Tricky

& NCBI  Resources © How To &

Bereis Genome | [Thermococcus litoralis[orgn] B[ Search |

Create alert Limits Advanced

Thermococcus litoralis

Representative genome: Thermococcus litoralis DSM 5473
Download sequences in FASTA format for genome, protein
Download genome annotation in GFF, GenBank or tabular format
BLAST against Thermococcus litoralis genome, protein

Display Settings: v Overview Send to: =

Organism Overview ID: 12449

vent Polym_e_rase_ Thermococcus litoralis
FO r D NA am p I Ifl Catlo n Thermococcus litoralis overview

Lineane: Archaeal5451: Euryarchaeota[344]; Therm i[25]; Therm les[25]; Therm [24]; Ther [17]; Th litoralis[1]
Al | Journal of
,|'_] ; 1 England Biolabs, Inc.
= | Bactenology plete Genome
IR Artichs | Jowmal inds, | Asthoms | Assiesens | Permissions | Josmale ASM o 3 ;
pe:Cocci
mumTemperature:35C, TemperatureRange:Hyperthermaophilic
J Bachesel 2012 May, 1) ZIPE 2978 PLICID: PRSI

icRelationship:Freeliving, TrophicLevel Heteratroph

D 1IZEE D k
s AL 4_000246955.3 ASM24655v3 scaffolds: 1 contigs: 1 N50: 2215172 L50: 1

INAZ1G25
Ganome Sequence of the Model Hyperthermophilic Archaeon Thermocooous Illength (Mb): 2.21517
litoralis NS-C tein count: 2292
- %: 431
Acvire F_Gadnac ® Sacis Kape, a6 Franciss B. Pace
Agthor IMormason 1 AMSCE Ngoes B Cogyrighy png Licenge vianmuygon B

of the model hyperthermophilic archagon Thermococcus litoralis NS-C. Gardner AF, et al. J Bacteriol 2012 May
Thih Artiche Bark bser ¢ dd by offes arkeles n FRAG

ABSTRACT G b [

The hyperthermophslic archason Thermocaccus froralls stram N8-C, first 1solated m 1985, bas been a
toundational organism for archasal research mn biccatabysis, DNA replicanion, metabolism, and the
discovery of inseins, Here, we present the genome sequence of T, litaraiis with a focus on the replication

machinery and imteins

GENOME ANNOUNCEMENT Gola 7

Thermococcus [laralis stram N5-C was wolated froem a shallow sulnmanns hot sprng al Lucnms Beach
near Naples, [taly (1), and successtully grovm m culhare (14). Since then, I [iforalic has been the foous of

20, and protein splicing (15}
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Benefit Sharing

Must be multilateral compared to bilateral for Nagoya
Protocol

Benefits may include:
e Scientific exchanges/training
e Technology transfer
 Capacity building (infrastructure)
e Enhanced reputation
 Increased number/quality of scientific publications
 Biodiversity conservation

 Valuable regional resources developed (knowledge,
samples, data)

o Upfront/milestone payments & royalties

18
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Is an Open Access Approach Possible?

e Open Access approach may be used when:

e There is no desire/need to control access

* There is more than enough of a resource for
all to utilise
e Precedents In
niology/software/semiconductors
e Low cost — commensurate with size of problem
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Mare Geneticum Provides Building Blocks Based on
Scientific Good Practice

- Obligatory Prior
Electronic Notification (OPEN)

Access -
= Update OPEN
Exclusivity Period .'
> A ~d #
| PN
i e A o
Eﬁgﬁzg‘ 4 3~ Many Precedents in Science

‘Open Innovation’

YHRIRRTA ] i {
FTIALLE IF 1.2“-' IIH'II[I IFK
IWVENCVETAQTAG LEVEV LDOT WK
JTHIPF

| Share Samples and Raw Data
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Open Access Publication/Data
Open Access in Horizon 2020 )

Peer-reviewed scientific publications I

All projects receiving Horizon 2020 funding are required to make sure
that any peer-reviewed journal article they publish is openly accessible,

free of charge (article 29.2. Model Grant Agreement).

Research data

ce

The Commission is running a pilot on open access to research data in
Horizon 2020: the Open Research Data (ORD) pilot. This pilot takes into |
account the need to balance openness with the protection of scientific
information, commercialisation and Intellectual Property Rights (IPR),
privacy concerns, and security, as well as questions of data management

and preservation.
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Reporting Research Outcomes
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Open Access to Research Materials Aids Open Innovation

nature

Availability of data, material and methods

An inherent principle of publication is that others should be able to
replicate and build upon the authors' published claims. A condition of
publication in a Nature journal is that authors are required to make
materials, data, code, and associated protocols promptly
available to readers without undue qualifications. Any
restrictions on the availability of materials or information must be
disclosed to the editors at the time of submission. Any restrictions
must also be disclosed in the submitted manuscript.

After publication, readers who encounter refusal by the authors to
comply with these policies should contact the chief editor of the
journal. In cases where editors are unable to resolve a complaint, the
journal may refer the matter to the authors' funding institution and/or
publish a formal statement of correction, attached online to the
publication, stating that readers have been unable to obtain necessary
materials to replicate the findings.
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Case Study: MarBank as an MGR Repository

":"‘5 ,4. . -
> i

Niomm .

Sl Contact and visiting
address:

Marine Products Kjersti Lie Gabrielsen,
Manager

Sernvices Phone: +47 91563533
E-mail:

kjersti gabrielsen@imr.no

Norwegian Network

Marbank
Forskningsparken i
Tromsa/Tromsa Science
Park,

Sykehusvegen 21, N-9019
Tromsa, Norway.

About us

Postal address:
Marbank,
Havforskningsinstituttet/

http://www.imr.no/marbank/en
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MarBank Objectives

MarBank offers Ex situ access to Marine Genetic
Resources for research and exploitation purposes

Marine organisms are collected from their natural
habitat and kept alive or processed and conserved in
the biobank

Safe and easy access to quality assured marine samples

Opportunity for researchers that do not have the ability
to collect MGRs In situ

Kjersti Gabrielsen, IMR, Norway
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The NCI Open Repository

NATIONAL CANCER INSTITUTE
DCTD Division of Cancer Treatment & Diagnosis

DTP Developmental Therapeutics Program

' T - " - i T
Home | Discovery & Development Services = | Repositories ~ | Databases & Tools ~ | Grants ~ | Our Organization ~ [

Main | NES

Last Updsted: 02/28/18

Hatural Products Repository
|

WP sl The NCI Natural Products Repository

Publications

Other Natural Products
Related Websites

DTP Branches
and Offices

Office of the Associate Director

Preclinical
Therapeutic Grants Branch

Molecular
Pharmacology Branch

Biological Testing Branch

Toxicology and
Pharmacology Branch

https://dtp.cancer.gov/organization/npb/introduction.htm

Extracts from:
80,000 plants
20,000 marine organisms

Collected via contractors
‘Letter of collection’
covers ABS issues

Extracts prepared using
standardised protocols

Samples made available
without cost to anyone
working on cancer
Requires signing MTA

Limited exclusivity

26
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https://dtp.cancer.gov/organization/npb/introduction.htm

PharmaSea Case Study Using NCI Open Repository

Spongionella sp
OCDN 8588-T
Collected by CRF

Benefit sharing obligation

-
(from NCI ‘Letter of Analogues
Collection’ & MTA) to be made and
agreed with relevant tested
Philippine authorities at point IP/Publication
of commercialisation soon

Discovery of new Effective in
Molecule with animal models
anti-Alzheimer

properties

27
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Open Access Approach

BENEFITS

Biobricks open source

©0O OPEN SOURCE
@® DRUG DISCOVERY

e 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

& Raw Data
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Mare Geneticum Provides Building Blocks Based on
Scientific Good Practice

Obligatory Prior
Electronic Notification (OPEN) |
If IA requires monetary BS:
royalties to be paid on
commercialisation

Access - at % fixed by sector

Extend

Exclusivity Update OPEN

For a fee

Update OPEH Kgr % @

" e
AN
[l
| 3 L
‘ \ LGECGANY
KSELGTA
LAKIHED
VISCL

= Update OPEN
Excluswlty Period

Benefit
Sharing

2 INTERNATHRSAL APFLICATION PURLISHED UNDER THE PATEN T COMFERATION TREATY (PCT)

(19 Wrld I IN IPlpt-}lm.lluJu-

M’HE [ 0 OO0 0 000

1480 Imtermatiomal Publication Date (105 International Pablication Namber

LCE, 1 -
AT :wrpw 1. EJE HKYVPTAECYYGYPLE |: PCT ' -
- £ } VDL .."J YOO 13 Seprember 2007 ( L3.09,2007) WO 2007103739 A2

|r1r IF SO IIH'II[I IFK

IWVENCVETAQTAG LEVEV LDOT
JTHIPF

| Share Samples and Raw Data
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Exclusivity Periods in Scientific Practice

Protein Data Bank entries are placed on hold for one year from
the date of deposition. They may be released earlier on a date
specified by the Contact Author. When the corresponding
electronic or paper publication occurs, the entry must be
released if the journal policy requires release upon publication.

ARTICLE o nare

Structural analysis of leader peptide binding
enables leader-free cyanobactin processing

Cﬂ Jesko Koshnke'®, Greg Mann'*, Andrew F Bent™, Hannes Ludewig', Sally Shirrar’, Catherine Bofting',
m Teewas Lebd. Wael E Houssen™, Marncel Jaspars” & James H Matsmith'™*
-

PROTEIN DATA BANK

tvsrs. WP 1 Year

Solve protein crystal
structure Data Released

http://www.rcsb.org/pdb/home/home.do
30
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Types of Data the Mare Geneticum Proposal Could Cover:

Categories of
information
Data only

Data and
analysis

Data, analysis
and
interpretation

Explanation

Raw data (e.g.
genetic sequence
data)

Genetic sequence
data which has been
annotated with
putative gene
functions using an
algorithm

Critical evaluation of
the data and its
analysis conducted
by an expert

Types of data

Metadata associated with the samples

Initial taxonomic analysis of the samples

Genetic sequence data (DNA)

Transcriptome data (RNA of the genes that are functional at that
time)

Automatic gene/transcriptome function annotations

Protein sequence data (DNA/RNA data automatically translated to
give amino acid sequence)

Initial taxonomic analysis of the samples (DNA methods?)
Automatic gene/transcriptome automatic function annotations
Protein sequence data (DNA/RNA data automatically translated to
give amino acid sequence)

Protein structure data (Embargo)

Metabolite data (mainly commercial databases)

Full taxonomic analysis of the samples

Manual gene/transcriptome function annotations
Protein structure data (Embargo)

Metabolite data (mainly commercial databases)

31
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Mare Geneticum proposes open access to samples and
raw data with exclusivity period

FECA\
! 2 ‘_
¥ ¥,
L]
J [EFKOVYLLGEQANY
':"- SEEVAARFWSELG LA
DY LOPELAKIREQ

f JDORNGOSGEVISCL
t j} i“"gmxs.i['-rr;nnrc-cp

Possibility to extend
exclusivity period
for a fee.
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YHRIRRFAVDLETEDEFY FVDLOOFYOQOHAE
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IWENCVETAQTAG LEVEVLDOTEFD TG LNV
JTHIPF

S DNA (GR/Functional
. Units of Heredity)

cell Erambe ang

mitochondeion

Raw Genetic
Sequence Data

Apparsta

VTSI CEURSE DATT SAMPLING GLAR DD SAMPLE NURSEIR LATITUDH  LOMGITUIDE DNETH SARSLE TYPL BESTINATION
Seoba 0OESS  1A/0T 005 Vs Ve Grab 109355 WV LA STSSENTN 1S5EMTW 1194 WD Subamn FELETTTY
Seobis OHLSE  JLAOTII00S Visn Viewn Gead 3 08155 Vv 1 STBSEMTN 15 ST 1184 WD Sddamg MREPRRL
S I ooty OUISE  1LAOTII0NS Vs vieen Geab 5 0ULSE WY SA SPAGEIEN MSSMMPN 1200E WD Skdieng MEAPARL
am p eS Seolu  OULS  1L0TII00S Vi Vieen et LY. TR STAGEIEN L SMIMIN 12008 WD kbtans BRLPARY
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an Sonlis 09I 1RAOTII00S Aeegacore 1 OUESA BAC 1 1A STEASATN 15 S50045wW WD febdang MEAPERL
Seolu OUIS  19/071I005 Aegiccde 10DLSE BAC 1 18 STASATN 1SSE03ALW 0 Subdams FRAPARY
A 1 t d t d t Seoba OVESS  19/07/301% Miegacore 20954 MG T AR STEAEATIN 1535034 Bactwrial Mat MREPANL
SSOCIa e me a a a Seotis OHLSE 197073005 Mhigacere 209155 MG T BB STEASATIN 153500MFW Nacgeraal Mtat MREPRRL
Sonlis 0914 1RAOTII00S Aeegacore I 0UHSA MG T B0 STEASATIN 15.S500MIW MEAPARL
Seolu  OUIS  19/077I005 Aegicode 100054 MAC T 60 STASSTTN 1LSS0MMIW ! FRAPARY
Seoba OFESE  19/07300% Megicore 209154 MG 7 B STEASATIN 155503 Nactarsal Mat MEPANL
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Summary

Open access to raw data and samples

Benefits to scientists by standardising data and
providing central resource (OPEN)

OPEN standardises data management, taxonomy
and species identification

OPEN enhances international research coordination
and cooperation

Requires capacity building/technology transfer to
ensure fairness

Targeted training and sharing of expertise,
methodology, guidelines and best practices

*
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