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Marine Environments

Jgrgensen Nat Rev Microbiology, 2007, 5, 770



Marine Environments are Rich in Genetic Diversity
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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.






The Biodiscovery Pipeline

Sampling
In situ

ébi‘u'; Y Genetic
Ziu; ;~ Sequence
Data

(In silico)

w Chemistry

Bioresource
Repository
(Ex situ)

Species identification can take
long time

Limited number of taxonomists
globally

dii i i

Biological screening
Functional testing

-—

Each step may take a significant period

In addition, there may be periods
of inactivity/waiting for a variety
of reasons

Product



Marine Scientific Research Planning

Application
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e Cruise
plan
~
e Feasibility
e Checks
J
)
e Cruise
report

J

MSR

* Most cruises are for basic research
* 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

Opportunity — Global cruise data available
in consistent format will benefit scientific
community


http://www.marineinsight.com/wp-content/uploads/2013/03/RRS-Discovery.jpg

Collecting Materials

RRS Discovery (UK)

ROV lsis (UK) (6500 m)


http://www.marineinsight.com/wp-content/uploads/2013/03/RRS-Discovery.jpg

Sampling Devices
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Biomass — Invertebrates and Microorganisms




Chemistry

Extraction Compound

Identification

Biological
Testing



Alternative - Using Genetic Sequence Data

Compound

Protein



The Biodiscovery Timeline

| Discovery = Pre-clinical == Phasel }—P Phase Il #  Phaselll == FDA review

I High-throughput : Labaratary & I 20-100 volunteers: : 100-500 volunteers: : 1,000-1,500 volunteers: I :
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| | ' l |
| | ) Compaurds : :
' : VWA costinia I :
| | [ |
| [ |
| |
10,000 250 g 1

ampling in ABNJ

|
| $1-5.10° |
| 40-60% suctess rate |
|

S

55-20-10°

50-70% success rate

/ £0-80% success rate
i)

7//////////////////

580-400-10° %

le— 5 years —l— 2years —sle—15 years —w4——— Jyears —le— 25 years — sl years —»|

Universities

Universities and SME’s

Scientific knowledge & data

‘Potential’ value

Large companies

Commercial

Actual value

Thomas Vanagt



The Marine Pharmaceutical Pipeline

250+

Mainly derived from shallow reef dwelling organisms
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/

14


http://marinepharmacology.midwestern.edu/

Case study: Halaven
e

Bioprospecting

v

Pre 1986: Screening
Isolation & Structure

Halichondrin B

Laboratory tests 1996: Synthesis
and clinical trials
2010: approval by
US FDA)

Current sales
Ca USS$ 350 M pa

e arpeda

(Usual Royalty
Rates are 1-3%)

AL

,S—J 2001: Derivative synthesis

E7389 Eribulin

.
= P T o I |
e U{pﬁ 1= {? e derer) frnferesflerr?



Pharmaceutical Products

Yondelis

Cancer treatment

Origin: Seasquirt

Location: Caribbean Mangroves
Production: Semisynthesis
Owner: PharmaMar

Prialt

Intractable pain

Origin: Cone snail
Location: Philippines
Production: Recombinant
Owner: Neurex/Elan

Non-Pharmaceutical Products 16

Vent Polymerase

DNA amplification

Origin: Vent bacterium
Location: Naples, Italy
Production: Recombinant
Owner: New England Biolabs

guelzyme-

THE NEXT-GENERATION, HIGH-PERFORMANCE
‘ALPHA-AMYLASE FOR MASH LIQUEFACTION

Fuelzyme

Enzyme used in biodiesel production
Origin: Deep sea bacterium
Location: Unknown)

Production: Recombinant

Owner: Verenium (BASF)

VENUCEANE
TR ARIGF LRI

el g T

Venuceane

Cosmetic screening infra-red rays
Origin: Vent bacterium

Location: Unknown

Production: Fermentation
Owner: Sederma (Croda)

Brominated Furanones
Anti biofilm agents
Origin: Red seaweed
Location: Australia
Production: Synthesis
Owner: Unilever



Mare Geneticum

Balanced benefit sharing must
consider:

Size and timing of benefits accrued by
user(s)

Cost and burden of benefit-sharing to
the user

Burden of benefit-sharing to the
regulator — institutional cost

Who are the beneficiaries?
How many beneficiaries are there?

Impact of benefit-sharing on the
beneficiary

Timing of the transaction

Requirements:
Inclusivity of developing states

Facilitated access for the scientific
community

Legal certainty, predictability and
stability for industry

Enforceability for the regulator



Mare Geneticum

Access:
Online notification system: OPEN

Free but conditional access

Exclusivity period

Benefit-Sharing:

Mandatory deposit of material in
biorepositories

Mandatory sharing of meta data and
raw data (including GSD)

Possibility of extending exclusivity
period in return for a fee

If monetary benefits are requested: at
the point of commercialization, and not
negotiated



Biodiscovery Pipeline and Benefit-sharing

| Discovery = Pre-clinical = Phasel }—P Phase Il #  Phaselll == FDA review
I High-throughput : Laboratory & I 20-100 volunteers: : 100-500 volunteers: : 1,000-1,500 volunteers: :
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Commercial
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Sharing of metadata Thomas Vanagt



Sample and Data Management

M e

SITE

—

ORGANISM

SOURCE

Geographic Information System

e

~l

- b

—

BIOMASS

COMPOUND

—

T

CHEMISTRY | el

-----------

Sample and data management from origin to exploitation is possible
Already part of good scientific practice but needs standards & improved data infrastructure

ACTIVITY
L == l_..-
_."'E'__' BRI

Laboratory Information Management System

Source: OpenNAPIS, White Point Systems



Real World Example 25 Compounds

- # O {&(&% COMPOUND

I SITE <<~ ORGANISM él BIOMASS <4- CHEMISTRY -<< ACTIVITY
‘ SOURCE ‘ It I s
e | e e
Example 1 sample 100 new microbes Each microbe Each one Each fraction
of sediment (10 used) grown in 4 gives 8 fractions tested in 10
different media assays

Total 3596 datapoints — for 1 sample
& Genetic Sequence Data
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Network Analysis of PharmaSea Dataset (150,000 datapoints)
shows complexity of data



Obligatory Prior Electronic Notification (OPEN)

Sampling
~d
é‘i‘u}*\¢ Genetic
f’gf s~ Sequence Share
’ Data Data

‘ (In silico)
Submit OPEN
Obtain Unique Identifier w Chemistry
Bioresource Umq.u.e
Rebositor Identifier
(l:?x situ)y Needed for
Publication/IP
Update OPEN aaa
(Location, metadata, species etc) il i T |

Share Materials

E—)

Researchers accessing material Biological screening JUL
provided with Unique Identifier Functional testing Product



Online Prior Electronic Notification

* Use of cruise plans and cruise reports builds on existing practice.
* Agree on minimal dataset to accompany each sample collected.

* Share materials, but have processes to ensure maximum value is obtained
from rare samples.

* Develop unique identifier to work with existing ex situ collection data
infrastructure and digital sequence information databases

* Fee-free access to materials and raw data — scope to be clarified but
initially intended to mean nucleotide sequence data (DNA/RNA
sequences).

* Possibility for exclusivity period on samples/data to enable scientific
research to be completed, or for commercial research to be protected.
Exclusivity period can be Franted without fee for defined period, after
which payment to central fund must be made.



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

nature
chemical biology

INE 2015 | DOI: 10.1038/NCHEMBIO.1841
Structural analysis of leader peptide binding
enables leader-free cyanobactin processing

Jesko Koehnke'$, Greg Mann's, Andrew F Bent'¢, Hannes Ludewig?, Sally Shirran', Catherine Botting?,
) ) ) Tomas Lebl', Wael E Houssen?*, Marcel Jaspars? & James H Naismith">*
| D

PROTEIN DATA BANK

s’ P 1 Year

Solve protein crystal
structure Data Released

http://www.rcsb.org/pdb/home/home.do




Current Thinking on Exclusivity Periods for DSI

* Importance of free and unconditional use of these data vs. the “right” of the data
producers to the first publication.

* Argues that the publicly available data should be treated as open data, a shared
resource with unrestricted use for analysis, interpretation, and publication.

* Some projects have already eliminated exclusivity period (e.g. ENCODE).

 Availability of large complex datasets are best analysed by as many researchers
as possible without restriction.

* Data producers credited in publications or via online tools such as DOls. Journals
and data repositories must lead the way in this.

* Wider data sharing is likely to allow more participation in the research enterprise
of the many scientists who work in resource-poor settings and may be less able
to compete in generating expensive new data.

Science 2019, 363, 350



Build on
Science
Good

Practice

Data Must Be:
Findable
Accessible
Interoperable
Reusable

Muriel Rabone
Natural History Museum, London

CRUISE

SAMPLING = DATA + METADATA
specimen
sampling event

DwC
ABCD

GGBN ds
ENVO/BCO
OBIS-ENV-DATA

LAB

SAMPLES DATA

extraction

¥ ¥

sequencing — raw reads

—p methods

DwC

ABCD

GGBN ds
ENVO/BCO
OBIS-ENV-DATA

MUSEUM / REPOSITORY
COLLECTIONS Y

l \ DATABASE

DATA PORTAL
molecular specimen

DwC
ABCD
GGBN ds
ENVO/BCO
BIS-ENV-DATA

Pl

GGBN

DATA SYSTEMS

OBIS: Deep Sea Node

™

WoRMS

DwC
ABCD
GGBN ds

ENVO/BCO

OBIS-ENV-DATA

PUBLICATIONS

open access
data papers

OCEAN BIOGEOGRAPHIC
INFORMATION SYSTEM

Porifera Grant, 1836

Kingdom Animalia > Phylum Porifera

CHILD TAXA
Class

Class

Class

Class

Class

Class Homoscleromorpl

HOME ABOUT~ DATA™ MANUAL MEDIA~ ACTIVITIES™ CONTACT

onzen, spugne, svampdjur, {4281

DISTRIBUTION

,J:rh..



IT Solutions (e.g. Blockchain

S NCBI  Resources © How To &) Sign.in to NCBI

=

< NCBI All Databases ¥ [ search
National Center for

Biotechnology Information

NCBlHome ~~~ Welcome to NCBI Popular Resources
Resource List (A-2) The National Center for Biotechnology Information advances science and health by providing access to PubMed
All Resources biomedical and genomic information. Bookshelf
Chemicals & Bioassays About the NCBI | Mission | Organization | NCBI News & Blog PubMed Central
Data & Software BLAST
DNA & RNA Submit Download Learn Nucleotide
Domains & Structures Deposit data or manuscripts Transfer NCBI data to your Find help documents, attend a Genome
N into NCBI databases computer class or watch a tutorial SNP
Genetics & Medicine Gene
Genomes & Maps Protein
PubChem
Homology
Literature
Proteins NCBI News & Blog
Sequence Analysis Develop Analyze Research May 15, 2019 Webinar: Using taxonomic
Taxonomy information and other improvements in
Use NCBI APIs and code Identify an NCBI tool for your Explore NCBI research and standalone BLAST+ (2.9.0) and the v5
Training & Tutorials libraries to build applications data analysis task collaborative projects databases

08 Ma 2019

Build on existing data infrastructure
(Data Curation Essential)

But: Human Compliance main issue
Feasibility Study?

Marine Science
Collections/Curation

Marine Bioprospecting

Computing Science Decentralised/Minimal traceability requirement
Behavioural Science

Law/Policy Prof. Pete Edwards, Computing, Aberdeen University
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