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Marine neo- and archaeogenetics, biomolecular analyses on tissue and environmental samples from
marine animals and ecosystems, and bioinformatic analyses for population genetics and genomics.

Research on variations in organismal, genetic, and ecological diversity, as well as on the eco- evolutlonary
impacts of human activities affecting ecosystems, species, and taxonomic groups of marine fauna. :
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ALESSIA CARIANI

BACKGROUND:
- 1998-2009: BSc&MSc&PhD Scienze Ambientali Marine

T CAMPUS DI RAVENNA il

- 2009-2013: PostDoc from Microarray&Microbes to PopGen in Fish (and AoB!)

- 2013-2019: RTD junior -> RTD senior -> associate professor

NOW:

In theory my commitment is:

Understanding the evolutionary and environmental
drivers of biodiversity in marine organisms by
developing and applying innovative genetic and genomic
tools. Research topics spans from molecular taxonomy to
population genomics, and aims to uncover how genetic
variation in space and time is shaped by natural forces in
marine ecosystems.

Translate research results into real-world applications
such as eco-certification, traceability systems, and policy-
relevant approaches to sustainable fisheries and marine
biodiversity conservation

In practice my commitment is:
Bureaucracy

Admin

Meetings

Reports

Reports

Another reports

Teaching

ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA
CAMPUS DI RAVENNA



Laboratory of Biodiversity & Evolution of Marine Animals (BEAM) Lab
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Research @BEAM Lab is... G

The BEAM Lab focuses on marine neo-and archaeo-zoogenetics, implementing biomolecular ~
analysis on marine animal species assessing space-time changes in biodiversity, with a focus on
relevant marine fishery resources as well as taxa of conservation concern.

Through the qualitative and quantitative analysis of parameters describing diversity across spatial
and temporal dimensions, the results of BEAM'’s research contribute to defining and supporting
strategies and policies for the sustainable use of marine ecosystem and animal resources, and for the
biological conservation of species and animal populations at risk of decline or extinction.

The BEAM permanently collaborates with the Ancient DNA Lab at the Cultural Heritage Dept. at
Ravenna Campus and is active in several international networks
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Research @BEAM Lab is...

FOCUS ON THE EVOLUTIONARY AND ENVIRONMENTAL DRIVERS OF
BIODIVERSITY IN MARINE TAXA THROUGH INNOVATIVE GENOMIC TOOLS

Main research lines:
1. Evolution, systematics and conservation of cartilaginous fish
2. Population genomics and traceability of marine fish

exploit scientific results in a eco-compatible management of
traceability and management context marine bio-resources
GBYP (ICCAT) MEDBLUESGEN (EC JRC) MED _UNITs; SPELMED (EC EASME/EMFF)
ELASMODROP (NBFC-SPOKE2) FISHBONE; TRANSBORAN (FAO GFCM)
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Research @BEAM Lab is...

BLUE TRANSITION OF FISHERY ACTIVITIES IN THE ADRIATIC SEA

Main research lines:
1. Challenging the social and cultural valorisation of the Adriatic marine
ecosystems
2. Virtuous circle between fishery scientists (biologists, ecologists,
economists), fishermen, stakeholders, civil society
3. Increase the sustainability of fishery activities in Adriatic Sea by fostering
innovative processes (eco-innovation)

iLerrey
Italy - Croatia

o i Infosphere
iiLerrey
italy - Croatia

EURDPEAN LNICN

iHiterrey Hydrosphere

italy - Croatia
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Research @BEAM Lab is...

CONSERVATION OF THREATENED MARINE SPECIES

1. Improve conservation of elasmobranchs by reducing their bycatch,
promoting alternative sustainable resources exploitation and ecotourism

activities

2. Cost-effective solutions to reverse the critical status of threatened

marine species
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LIFE PROMETHEUS PROMoting Elasmobranchs
conservation Through by-catch reduction,
Ecotourism and alternative sUStainable fisheries

From ancient DNA to modern conservation: :
Assessing human impact on Atlantic bluefin tuna
Genomes

ELASMODROP - Finding sharks in a drop: leveraging
eDNA monitoring to protect elasmobranch
biodiversity
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Research @BEAM Lab is...

BLUE MUSEOMICS - CHALLENGING CONSERVATION OF MARINE BIODIVERSITY FROM THE PAST

Main research lines:
1. Historical ecology and species diversity of Mediterranean Marine Apex
Predators (small dolphins; angel sharks; sawfishes)
2. Eco-evolutionary consequences of millennial exploitation in the Atlantic
bluefin tuna Thunnus thynnus
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Genomic approaches in marine fisheries research: challenges and opportunities

The course will introduce to the potential of genomic approaches, which are increasingly
important for understanding evolutionary processes, such as adaptation to the diverse
habitats within the marine environment, including fishery-induced evolution.

Recent advances in genome technology will be presented and their implementation from
genome assembly to comparative and population genomics.

Examples will be given on how genomics tools can allow tackling several challenges to
ensure sustainability and profitability of fisheries management.

WHEN/WHO/WHAT/WHY???
, .' ) On a sunny Thursday morning??




Genomic approaches in marine fisheries research: challenges and opportunities
LET’S START FROM YOU!

What can Genetics do for
Fisheries and Aquaculture?

Selective
Assess the Health breeding
correct species assessment of programmes
— barcode to livestocks
identify

genome region -
of economic Discriminate Assess connectivity

interest stocks of different
populations / stocks

of vulnerable /
exploited species

|dentify Cope with Support other
migration antimicrobial techniques in
routes resistance the monitoring
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Genomic approaches in marine fisheries research: challenges and opportunities
WORKING GROUP ON APPLICATION OF GENETICS IN FISHERIES AND AQUACULTURE

What can Genetics do for
Fisheries and Aquaculture? Cﬂ

Fisheries Aquaculture

Genetics

isaibopeed | Gonomics RS
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Genomic approaches in marine fisheries research: challenges and opportunities
WORKING GROUP ON APPLICATION OF GENETICS IN FISHERIES AND AQUACULTURE

The Working Group on the

Application of Genetics in

Fisheries and Aquaculture
(WGAGFA)

Promotes the inclusion of genetics and
evolutionary concepts and methods as
important elements in the management of
fisheries and aquaculture.

Establishes a representative, sustained
And engaged scientific forum across
ICES countries to discuss technological
and statistical developments and new
ideas in genetics/ genomics, salient op-
portunities for research consortia, and
exchange at the science-policy interface.

https://www.ices.dk/community/groups/Pages/Wgagfa.aspx
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Review
Marine genomics: News and views @C,M,‘

Angela M. Ribeiro *, Andrew D. Foote *, Anne Xupczok ¢, Birbara Frazdo Y, Morten T, Limborg ?, Rosalia Pifieiro ©,
Samuel Abalde ', Sara Rocha *, Rute R, da Fonseca ™
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Genomic approaches in marine fisheries research: challenges and opportunities
WORKING GROUP ON APPLICATION OF GENETICS IN FISHERIES AND AQUACULTURE

How does genetics support fisheries and aquaculture management?

“Applications of genetics and genomics to aquatic resource management is a topical and rapidly growing
field of life sciences. In the field of fisheries and aquaculture, genetics is already enabling new genomic
approaches to tackling key challenges relating to sustainable exploitation, food security, welfare, and
governance of our oceans.

There are two primary levels that genetics have particular application: the first is to provide a source of
tools that can be used to designate and monitor individuals, populations/stocks, species and
communities, together with elucidating associated biological interactions such as the nature and
intensity of predation.

The fact that DNA can be retrieved from whole fish through to highly processed products means that it
is possible to trace products and individuals accurately.

Such features, for example enable more effective design of pedigrees in aquaculture,

the selection of favourable traits, as well as assigning individuals, stocks and species

with unprecedented precision for use in applications from stock assessment through

to tackling illegal fishing and promoting eco-certification.” T
\

Professor GARY CARVALHO — ICES INTERVIEW - 8 May 2019 |
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Genomic approaches in marine fisheries research: challenges and opportunities
ALSO OUTSIDE EU IN THE MED

GENETIQUE ET GENOMIQUE AU SERVICE O

LA GESTION DE LA PECHE ET DE L'AQUACULTURE
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Genomic approaches in marine fisheries research: challenges and opportunities

ALSO OUTSIDE EU IN THE MED

e

TECHNOLOGIES NECESSAIRES
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GENETIC VS GENOMIC

Genome-wide resolution increases

Genetics
10s-100s of markers

Price per marker decreases

Important for fisheries

Stack connectivity

Management units
Mixed-stock analysis
Population size estimates
Adaptive divergence
Traceability
Species ID

Genomics

<Genome-wlde screens to develop small markers panels

Important for aquaculture
Biosecurity
Parentage-based tagging
Monitoring of pathogens
Marker assisted selection

~_Genotype-phenotype associations

>1000s of markers

Novel data

Genomic selection
Gene expression
Epigenetic responses

Trends in Ecology & Evolution

ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA
CAMPUS DI RAVENNA



GENETIC & GENOMIC APPLICATIONS

Hamessing the Power of
GGenomics to Secure the
Future of Seafood

Louts Bermatchez,™*T Maren Wellenreuther <=F
Cristian Amneda,® David T. Ashton,® Julia M., Barth ®
Temy D. Beacham,® Gregory E. Mags, 52

Jann T, Martinsohn, ™ Kristina M. Miller

Kerry A Naish," Jennifer R. Ovenden,’?

Craig R. Pimmer,™ Ho Young Suk,™

Mina O. Therkildsen,™® and Ruth E. Withier®

Trends in Ecology & Beolubion, September 2017, Vol 32, No. 8
Problem
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Do end-users
understand the
solution?

Problem not
resolved

Trends in Ecology & Evolution
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QUICK INTRO TO METHODS (QUICK | PROMISE)

Sequencing history
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QUICK INTRO TO METHODS (QUICK I

Sequencing history
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QUICK INTRO TO METHODS (QUICK | PROMISE)

Sequencing history

(a) 1953 1970 1983 2001 2009 2012
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QUICK INTRO TO METHODS (QUICK | PROMISE)

Sequencing history

Cost per Human Genome

Moore’s Law

National Haman Genome
Resoarch mstiute

Growth of genomic data,
drop of sequencing costs
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QUICK INTRO TO NGS METHODS

Sequencing history
«NEXT» GENERATION SEQUENCING (NGS) PLATFORMS
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QUICK INTRO TO NGS METHODS
NGS PLATFORMS -> lllumina Sequencing
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https://www.illumina.com/content/dam/illumina-
marketing/documents/products/illumina_sequencing_introduction.pdf
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QUICK INTRO TO NGS METHODS
NGS PLATFORMS -> lllumina Sequencing

B. Cluster Ampilification

A. Library Preparation g u

H i
3 ;

Genomic DNA

R T j
L ERAIFIEP
! E! ﬂﬁﬂ L H;“L’ g

Fragmentation
'l' 0 l Flow Cell

=) ] =

- -

Adapters Bridge Amplification
Cycles

Sequencing
Library

Clusters

Library is loaded into a flow cell and the fragments hybridize
to the flow cell surface. Each bound fragment is ampilified into
a clonal cluster through bridge amplification.

NGS library is prepared by fragmenting a gDNA sample and
ligating specialized adapters to bath fragment ends.

25
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QUICK INTRO TO NGS METHODS

NGS PLATFORMS -> lllumina Sequencing

C. Sequencing D. Alignment & Data Anaylsis

ATGGCATTGCAATTTGACAT
TGGCATTGCAATTTG
Read AGATGGTATTG
i GATGGCATTGCAA
GCATTGCAATTTGAC
ATGGCATTGCAATT
AGATGGCATTGCAATTTG

Segquencing Cycles (

_ Digital Image

Data la axported to an output fi ||3

Reference A GATGGTATTGCAATTTGACAT

Genome

ﬁuntn"l:-ﬁm:ﬂ EAGT..

Cluster 2 > Read 2, TTGA,
Clugter 3 = Faad 5: CTAG .

Cluster 4 > Aead 4: ATAC...  Text Flle

Sequencing reagents, including flucrescently labeled nucheo-
tidas, are added and the first basa 1z incorporated. The flow
cell Is Imaged and the amission from each cluster s recorded.
The emission wavelength and intensity are used o identify
the base. This cycle is repeated “n" fimes fo create a read
length of "n" bases.

Reads are aligned to a reference sequence with bioinformatics
software. After alignment, differences between the reference
genome and the newly sequenced reads can be identified.
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QUICK INTRO TO NGS METHODS

NGS PLATFORMS -> lllumina Sequencing

Faired-Endg Heads

Allgnment 1o the Reterence Sequence
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QUICK INTRO TO NGS METHODS

NEW/NOW GENERATION SEQUENCING (NGS) PLATFORMS
AKA
THIRD GENERATION SEQUENGING

SINGLE MOLECULE REAL-TIME SEQUENCING
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NANOPORE SEQUENCING

PRODUCTS + SERVICES

Scalable, real-time biological analysis technology

SMRT SOLUTIONS FOR THE WORLD'S MOST INNOVATIVE SCIENTISTS
MinION

ool ledghr sad roul recains for real Banng Frpact

N
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QUICK INTRO TO NGS METHODS

NEW/NOW GENERATION SEQUENCING (NGS) PLATFORMS
AKA
THIRD GENERATION SEQUENGING

SINGLE-MOLECULE REAL-TIME SEQUENCING (SMRT)
by Pacific Biosciences

Pacific Dicaciences — Real-time Jequencing
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QUICK INTRO TO NGS METHODS

NEW/NOW GENERATION SEQUENCING (NGS) PLATFORMS
AKA
THIRD GENERATION SEQUENGING

Nanopore = strand sequencing

NANOPORE SEQUENCING

Exonuclease-based 'SEQUENCING BY
DECONSTRUCTION'

By Oxford Nanopore Technologies
'Strand sequencing' is a technique
that passes intact DNA polymers
through a protein nanopore,
sequencing in real time as the DNA
translocates the pore.

*  The DNA polymer passes through
the nanopore itself

* The nanopore I engneered 10
allow single-base resolution within
the strand

* A DNA polymerase, coupled with a
a-hemolysin, synthesizes a new
strand of DNA using as a template
the polymer coming out of the pore

Video nanopore: hitp/Awww. youlube. comalch?v=_iRrOTSglpodleature=related
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QUICK INTRO TO NGS METHODS

NEW/NOW GENERATION SEQUENCING (NGS) PLATFORMS
AKA
THIRD GENERATION SEQUENGING

PacBio Oxford Nanopore
Long reads - Py Long reads

lllumina sequences:

PacBio sequences:

MinlON sequences:

31
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QUICK INTRO TO NGS METHODS

Take home message

High-throughput sequencing, which includes next-generation "short-read" and third-generation "long-read"

sequencing methods has brought tremendous opportunities to natural sciences

Sequencing is becoming cheaper and cheaper and faster

Sequencing applications are limited only by “imagination” (in reality technical and budget constraints)

the whole genome (de novo or resequencing) -> comparative genomics, epigenetics
the whole exome

the expressed transcriptome -> RNASeq

pools of genomes

reduced representation of the genome for hundreds of individual -> population genomics (GBS, RADlike...) _

the same defined target for multiple samples/sources -> metabarcoding/metagenomics
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QUICK INTRO TO NGS METHODS

All that glitters... Needs Data Analysis!!

Bioinformatic challenges of genomic data

Miorww Covaesios 30 3AT1E] 1-11

‘l v
: ‘Mr ‘ﬁ’s"‘f o “"}

Conbiris lns woelasb ai 5o e el i

Marine Genomics

jowrnal hemepage: wyws . elas viaf.com/locata i margnn

Sequencmg
* Random errors
Systematlc errors

Next-generation biology: Sequencing and data analysis approaches for

. rrnil-lr'l
non-model organisms
Rute i da Fonseca **, Anders Albrechrsen *, Gongalo Espregueira J‘nemudn , Jazmin Bamos-Madrigal ", “ FASTQ
Jomas .ﬁ.nl:lrl_-asﬁ'rbhl_'aatn Lasse Maretty ™. H Lisandra Zepeda-Mendoza ", Paula F. Campos ™,
Rasmus Heller ®, Ricardo |, Peraira®

(Bioinformatic analysis
ﬁ i
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Library preparation

] * Read alignment
e Sample quality e Variant calling
e Library complexity and annotation
e Amplification bias

* Gene expression profiling
e Fusion gene detection

* 16S rDNA analysis

g De novo assembly




QUICK INTRO TO NGS METHODS
GENOMIC CONCEPTUAL FRAMEWORK

What iz your scisntiic quastion !

Wharl bypres of diata e pecessry Bo anyee
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- Callinggenoiypes
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QUICK INTRO TO NGS METHODS

GENOMIC CONCEPTUAL FRAMEWORK
GENOMICS FOR NON-MODEL ORGANISMS

Aim of Study Optimal sequencing method | Minimal Reference Needed

Population subdivision, migration

rates, population size changes through RAD
time
Genes under selection Exome Sequencing

Selection signatures and genomic
regions underlying ecological Low-coverage WGS
speciation

Molecular basis of acclimatization,

adaptation RNAseq or TagSeq

Jon Puritz B@G4 2018 https://github.com/jpuritz/Winter.School2018
35

None
De novo transcriptome**

Draft genome

None or
De novo transcriptome %
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mic approaches in marine fisheries research:
enges and opportunities

The course will introduce to the potential of genomic approaches, which are
increasingly important for understanding evolutionary processes, such as

adaptation to the diverse habitats within the marine environment, including
fishery-induced evolution.

Recent advances in genome technology will be presented and their

implementation from genome assembly to comparative and population
genomics.

Examples will be given on how genomics tools can allow tackling several
challenges to ensure sustainability and profitability of fisheries management.

MBKE IME A SANDWIH,
WHEN/WHO/WHAT/WHY??? f R
Really today??
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mic approaches in marine fisheries research:
enges and opportunities

The course will introduce to the potential of genomic approaches, which are
increasingly important for understanding evolutionary processes, such as

adaptation to the diverse habitats within the marine environment, including
fishery-induced evolution.

Recent advances in genome technology will be presented and their

implementation from genome assembly to comparative and population
oeNnomics.

Examples will be given on how genomics tools can allow tackling several

challenges to ensure sustainability and profitability of fisheries management.

WHEN/WHO/WHAT/WHY???
Really today??
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Genomic approaches in marine fisheries research:
challenges and opportunities

FISH and FISHERIES, 2015, 14 125-159

Ocean’s eleven: a critical evaluation of the role of population,
evolutionary and molecular genetics in the management of

wild fisheries

Jermifer R Ovenden™*, Oliver Berry. David | W

*Molecular Fisheries Laborastory, Queenstand Gover
Oceuns Flagship, CSIRO Marine and Atmospheric R
Fisheries, Woolgoolga, NSW, Austrzlia: *Wealth fre
Queensand Bisclences Precined, 306 Carmody Roi
Blomedicel Sciences, The University of Queensland,

Abstract

Significant changes have occurred in the well-established parinership between lish-
eries managers and peneticists over the lagt 50 years. It s therefore Bmely o
review and recalibrate the ways in which genetic technologies can assist the fish-
Ing industry to maintain productive and sostalnable harvests. Our objective s w
contribute 10 the motual uoderstanding of all sakeholdens in the genetice-manage-
ment partnership. Genetic echoologies that are relevant o fsheries management
are grouped e eeven themes, which are described in plain language kbr a non-
specialist audience, The role that the genetic mlormation plavs io lisheries manapge-
ment |5 explained, along with an asssssment of the challenges and barriers that
may be préventing the uptake of the information into the fisheries management
process, The compelling conclusion s that genetics offers a diverse collection of ver-
satile and u=elul tools for nforming Asheries managers aboot issues that have a
bivlogical bass, Presently, mainstream use of penetic ools locuses on a parmow set
of Osherbes management Bsueg, but the diversity of genetic tools and the nowvel
lssues they can address indicates that uptake will grow, particularly as communica-
tion betwesn geneticlsts and end-nsers Improves,

Keywords envircmmental moniiordng. genetle effective population skze, genetle
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Genomic approaches in marine fisheries research:
challenges and opportunities

FISH and FISHERIES, 2015, 14

Ocean’s eleven: a critical evaluation of the role of population,
evolutionary and molecular genetics in the management of
wild fisheries

Jermifer R Ovenden ™, Oliver Berra”. David | Welch®, Rik

*Molecular Fisheries Laborastory, Queenstand Government, PO
Ocewns Flagship, CSIRO Marine and Atmospheric Research, [Tnd®
Fisheries, Woolgoolga, NSW, Austrzlia; *Wealth from Oceans F
Queendand Bisclences Previngt, 306 Carmody Rowd, St Luci,
Blomedics! Sciences, The University of Queensland, St Lucia. QN
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Genomic approaches in marine fisheries research:
challenges and opportunities

WEALTH FROM DCEAMS

genet

A plain-language
emerging themes
maintenance of p

UMDERSTANDING THE ATTRIBUTES
OF HARVESTED SPECIES

MEASURIMG THE
IMPACT OF FISHING

A

BIOSECURITY TOHILS

|. Species identification
Bssigning specimens to species .. 2

1. Stock structure

Determine the wpatial extent of
biological stodks. . ... 0o oo E |

1L Mimed stock analysis
Determine the proparticn of
harvest=d aggregations belonging
to distinet sbocks. . ..o |

IV. Biomarkers for age

lndexing the ags of specimens
without otaliths .. ... oo ... 5

V. Ecosystem monitoring
Mapping food webs; Measuring
environmental stressars
Detecting evolutionary effects
of dimate change . .. ... ... ._.. [

VI Harvest rate and abundance
Abundance end other pogulation
parameters can b= esthimat=d
from the recapture of individuals
identified with genetic tags. . .. .. T

¥ii. Genetic diversity, abundance
and resilience
Weetrics of penetic diversity
can prowide indications of 3
species’ abundance and its
capacity to =volve in response
o envircnmental change. .. ... .. B

VIl Evclutionary responses to fishing
Fishing can introduce undesiratle
evolutionary changes 1o harvested
populations, altering their
distribution, abundance and
productvdty. ... L

IX. Genetic effects of stock
enhancement
Interbresding between wild ard
introduced individuals can reduce
the long-term viability of wid
popolations: .. ..o ..ol o

. Detection of pathogens
and invasiee species
Ce=pe=tic assays can dmgnoss
and guantify the incidence of
diz=nses or irvasive species in
wild fisheries and aquaculiure. . . . .

POST-HARVEST RECGULATION

Xl Product provenance and
fisheries surveillance
Genetic testing can e used o
detect product substitation and
cheeck accuracy of labeting- . ...
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ATTRIBUTES OF HARVESTED SPECIES

Theme I: Species identification

-

Why is it important to
fisheries management?

+ An organism's identity
is fundamental to the
monitoring, marketing and
study of fisheries species.

-

DNA analysis is:

— arapid, universal and highly
accurate tool for assigning
a specimen to a species;

— important when the specimen
cannot be identified in
any other way; and

— often the only way to
identify cryptic species.

l‘r"
How does it work and

what are its limitations?

+ ONA analysis for species
recognition uses the 'DNA
barcoding’ approach.

+ Species are recognized when
a DNA sequence is obtained
from the specimen and matched
against reference data.

= Accuracy is usually
greater than 90%.

+ Errors can be due to
problems with reference
databases or peculiarities
in the type of DNA used.

+ DMNA databases for
fisheries species are being
established worldwide.

Case studies

+ DNA analysis was used to
recognize the species identity of
fish eggs, larvae and juveniles,
and was used to complete
the life-cycle of commercially
valuable species in Mexican
waters of the Caribbean Sea.

= Seabirds killed as bycatch in
pelagic longline fisheries were
assigned to appropriate source
species or populations.
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ATTRIBUTES OF HARVESTED SPECIES

Theme I: Species identification

Barriers to uptake

+ DINA barcoding is a well established
procedure and expertise are
widely available. There are no
significant technical barriers to
uptake by fisheries management.

Future

Species descriptions will
increasingly include DNA sequences
as diagnostic characters.

Reference data per species should
consist of DNA sequences from
many genes, if possible.

Accuracy of DNA barcoding
assignments will continue to improve
as reference databases grow.

Increasingly DNA-based
species recognition will be
deployable in the field.

GenoDREAM
Experience

» Fish&Chip EU project
 ELASMOMED network

« ABFT larvae and bones ID
« Egg case identification
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ATTRIBUTES OF HARVESTED SPECIES
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0 ATTRIBUTES OF HARVESTED SPECIES

Theme I: Species identification
GenoDREAM Experience
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ATTRIBUTES OF HARVESTED SPECIES

Theme I: Species identification
GenoDREAM Experience
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! ATTRIBUTES OF HARVESTED SPECIES

Theme I: Species identification
GenoDREAM Experience Fish&Chip EU project

D
V Oa FISH&CHIPS

Towards DNA chip technology as a standard analytical tool
for the identification of marine organisms
In biodiversity and ecosystem research

() ;
OPEN (3 ACCESS Freely available online " PLoS one

Identifying Fishes through DNA Barcodes and
Microarrays

Marc Kochzius'**, Christian Seidel'™, Aglaia Antoniou®, Sandeep Kumar Botla'™, Daniel Campo®™,
Alessia Cariani®, Eva Garcia Vazquez®, Janet Hauschild'™, Caroline Hervet®*, Sigridur Hjérleifsdottir”,
Gudmundur Hreggvidsson’®, Kristina Kappel', Monica Landi*™, Antonios Magoulas®, Viggo
Marteinsson’, Manfred Nolte®, Serge Planes®"?, Fausto Tinti®, Cemal Turan'®, Moleyur N. Venugopal'’,

e etir j Digeasy Bt September 2010 | Volume 5 | Issue 9 | 12620



http://www.fish-and-chips.uni-bremen.de/PostNuke/html/index.php

ATTRIBUTES OF HARVESTED SPECIES

Theme I: Species identification

GenoDREAM Experience ELASMOMED network

\Pro ‘ FAO Division -
Barcode ID Morphological ID (N° of misidentified specimens/N° of barcoded
w specimens)

Dasyatis centroura ' Pteroplatytrygon violacea

"9 Dasyatis tortonesei Dasyatis pastinaca
.. Pteroplatytrygon violacea Dasyatis centroura
=0 Leucoraja circularis Leucoraja fullonica

~ Raja polystigma
Torpedo marmorata
Torpedo marmorata
Scyliorhinus canicula
“ Mustelus punctulatus
.« Centrophorus granulosus
. Squalus blainville

. Squalus blainville

Raja montagui
Torpedo nobiliana
Torpedo torpedo

Scyliorhinus stellaris

Mustelus mustelus
' Centrophorus uyato

Squalus acanthias

Squalus megalops

MIBL

37.1.3 - Sardina (1/1)

37.2.2 — lonian (4/4)

37.1.1 - Balearic (1/1)

37.1.3 - Sardinia (2/8); 37.2.2 - lonian (1/5)
37.1.1 - Balearic (2/5)

37.3.2 - Levant (3/9)

37.2.1 - Adriatic (1/1)

37.2.1 - Adriatic (4/20)

37.1.1 - Balearic (5/5); 37.2.1 - Adriatic (45/146)
37.1.1 - Balearic (1/5)

37.1.1 - Balearic (2/3); 37.3.2 - Levant (5/5)
37.2.2 - lonian (4/12)
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ATTRIBUTES OF HARVESTED SPECIES

Theme I: Species identification
_ GenoDREAM Experience ABFT larvae and bones ID

Rediscovering our relationship with the sea: Unlocking the
evolutionary history of the mighty bluefin tuna using novel
paleogenetic techniques and ancient tuna remains.

Puncher GN', Cilli EY, Morales A4, Onar V', Massan F', Caritami A' and Tinta F!
J wil I Al ( Iini iy of Madeid (517, "Hiniversity of Istanhal

Misidentification of fish larvae:
A ~al] for caution and taxonomic reform

RESEARCH ARTICLE
Molecular Identification of Atlantic Bluefin B TRl RO B 0151 253405, ®cm sk
Tuna (Thunnus thynnus, Scombridae) Larvae REviEws

Fomerelynrs, TH

and Development of a DNA Character-Based
Identification Key for Mediterranean
Scombrids

Misidentification of bluefin tuna larvae: a call for caution
and taxonomic reform

Gregory Neik Puncher « Francisoo Ademany -
Gregory Neils Puncher'=, Harhz Arrizabalaga®, Francisco Alemany’, Alessia Cariani', Isik TN ATTM SRR - SR e
K. Oray® F. Saadet Karakulak®, Gualtiero Basilone®, Angela Cuttitta®, Salvatore Mazzola®, | . /| | Fimso Tisli
Fausto Tinti' e e o ot S AN 2 w2 S R N O n S



ATTRIBUTES OF HARVESTED SPECIES

Theme I: Species identification
GenoDREAM Experience Egg case identification
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S | fragmentation increase the vulnerability of the Mediterranean

, starry ray Raja asterias (Elasmobranchii, Rajidae)
e

v Giusy Catalano' | Valentina Crobe' © | Alice Ferrari' @ | Romano Baino® |
oay Daniela Massi® © | Antonino Titone® | Cecilia Mancusi® | Fabrizio Serena® @ |
W o RitaCannas® © | Laura Carugati®* | Farid Hemida® | Chiara Manfredi® |
oy | Riccardo Melis' © | Giuseppe Scarcella” © | LetiziaSion®® | Marco Stagioni®® |

Fausto Tinti' © | Alessia Cariani' ©
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ATTRIBUTES OF HARVESTED SPECIES

Theme II: Fisheries stock structure

-

How does it work and
why is it important?

+ Biclogical stocks, which represent
demographically cohesive groups
of organisms, are fundamental
units of fisheries management.

+ Genetics analysis is widely
used to determine the spatial
extent of biological stocks.

+ Genetics detects enduring
patterns of stock structure, in
contrast to other methods that
use characteristics acquired
during the lifetime of an
individual (e.qg. parasite load,
chemical composition of otoliths).

r.r"
How is it used for

fisheries management?

+ Genetic assays are used to
divide the range of a species
into discrete demographic
units — “stocks".

+ Fisheries managers use stock
boundaries to assign guotas,
model alternative harvesting
scenarios and to design
monitoring programs.

iy

Case studies

Genetic stock structure was used
to determine if independent

or joint management was
necessary for shark and snapper
species with continuous
distributions between northern
Australia and Indonesia.

Sustainable use of salmonid
species in North America relies
on spatial and temporal genetic
stock structure analyses.

Some fishes, such as the
Atlantic Cod, exhibit negligible
conventional stock structure,
but proncunced regional
differences in functional genes.
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ATTRIBUTES OF HARVESTED SPECIES

Theme II: Fisheries stock structure

Barriers to uptake

+ A major challenge is whether
management can be applied
at the appropriate spatial scale
revealed by genetic tests.

+ Greater communication between
geneticists and fisheries scientists
and managers is needed to
increase the uptake of genetic
stock structure information.

Future

-

The power of genetic markers
to reveal stocks will increase.

Analyses will increasingly focus on
the behaviour of individual organisms
on ecological time frames, rather
than on the long-term average
behaviours of entire populations.

The availability of genomic resources
for fisheries species will increase

and enable identification of genetic
variants experiencing natural
selection. This will increase the
power of genetic markers to define
stocks and highlight stocks with
unigue adaptive characteristics.

GenoDREAM
Experience

» FishPopTrace EU project

« STOCKMED EU project

» AdriaMED FAO project

« SPELMED EU project

« MED_UNITS EU EU project
« FISHBONE FAO project

« TRANSBORAN FAO project
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{“E ATTRIBUTES OF HARVESTED SPECIES

Theme II: Fisheries stock structure
GenoDREAM Experience FishPopTrace EU project

FishPopTrace
The Structure of
Fish Populations
wnd Traceability of Fish
and Fish Products
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ATTRIBUTES OF HARVESTED SPECIES

Theme II: Fisheries stock structure
GenoDREAM Experience FishPopTrace EU project FishPopTrace
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@ ATTRIBUTES OF HARVESTED SPECIES

Theme II: Fisheries stock structure
GenoDREAM Experience FishPopTrace EU project

FishPopTrace
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“GENOME SCAN” APPROACHES TO IDENTIFY “OUTLIER” LOGI
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Theme II: Fisheries stock structure
GenoDREAM Experience FishPopTrace EU project

NEUTRAL LOCI VS OUTLIER LOCI
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Theme II: Fisheries stock structure
GenoDREAM Experience FishPopTrace EU project

FishPopTrace

Merluccius merluccius
299 SNPs NEUTRAL

M siler B iy 2014) 8, 11315 dhsi W TE 1 fonac E2588

£ o o & F O &£ o T

1 Outlier SNP markers reveal fine-scale genetic structuring
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MEDITERRANEAN HALIEUTIC RESOURCES EVALUATION AND ADVICE
Specific Contract no 7 - STOCKMED: "Stock units: Identification of distinct biological units (stock units)
for different fish and shellfish species and among different GFCM-GSA”
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Identification of stock units and stock boundaries by multi-criteria approach

Meortuccios merluceios - Num of stocks = & « HAT = 0 65
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Theme III: Resolving mixed-stock fisheries

% &
Why is it important to How does it work and Case studies
fisheries management? what are the limitations? $SRP HanaHc inatkere wiie tised
+ Some fisheries resources + Mixed stock analysis uses i charactenze frghwater
consist of aggregations of baseline (reference) genetic breeding populations of sockeye
individuals from several stocks. data on component stocks. salmctn from western Nm?h
America and eastern Russia.
+ Mixed stock analysis » |t includes simulations to
determines the proportion determine likely accuracy <A l‘arge number ':35'549::'
of the harvested aggregation of the analysis. of immature, Ocpai-gomd
belonging to each stock. : . : SUCkE}'Eﬁ_ b aSSIQTEd haEk
+ Mixed stock analysis requires to breeding populations
+ |t allows aggregations to be enetic differences between :
exploited ar?wils;ti enabling Eamponent stocks. * Salmon ‘from North American
independent management gl puputaltmns WEEs largely
of breeding stocks. found in the Russian
B>, exclusive economic zone.

+ Their seasonal route of
migration to and from
North American breeding
locations was determined.
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Theme III: Resolving mixed-stock fisheries
GenoDREAM

Barriers to uptake Future
+ There are no significant technical + Mew DNA sgequencing technology Experience
barriers to uptake. However will speed the development of DNA
mixed-stock analysis requires markers for mixed-stock analysis,
establishment and maintenance and therefore increase the numbers
of reference datasets. of species that can be analysed. ° |CCAT GBYP
+ The major challenge is + |t may be needed in future for: consortium 2011 2019

balancing the value of the new

information with the costs. — sharks that have inshore

breeding locations (e.g. bull
and white sharks): and

— species whose life cycles
alternate between freshwater,
estuarine and marine feeding and
breeding stages (e.g. mullet).
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Theme III: Resolving mixed-stock fisheries
GenoDREAM Experience ICCAT GBYP consortium 2011-2019
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Theme III: Resolving mixed-stock fisheries
GenoDREAM Experience ICCAT GBYP consortium 2011-2019
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Theme III: Resolving mixed-stock fisheries
GenoDREAM Experience ICCAT GBYP consortium 2011-2019

Extensive sampling with several temporal replicates Larvae Blue
Young-of-the-year Green

Medium adult Yellow
Large adult Purple

lOO’?'O"W lS’O;O‘"W S"O;O"E

4B*0'ON

18*0°0"N

L 1 1
0500w rorw 4°0'0"E

https://doi.org/10.1111/1755-0998.12764

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA + POLO SCIENTIFICO™DIDATTICO DI RAVENNA



https://doi.org/10.1111/1755-0998.12764

ATTRIBUTES OF HARVESTED SPECIES
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QenoDREAM Experience ICCAT GBYP consortium 2011-2019

Genome wide SNP profiling
with cutting-edge NGS
Genotyping-By-Sequencing

techniques
wohtl na UG YR M SIS LEV
B Western Atlantic origin & ~ :
. Mediterranean origin 7 \ e >
Western Atlantic origin : A . 1 { > o
{assignment score <70%)
B Mediterranean origin \»
(assignment score <7036) ? WAMRALIO® WAMDAIY ",. .‘,, ,,
WaAGME? L : o
| \ - -
' . 2 3
.,.?-\- T pmisit EMsiae
of “.é 73 V,;.
& = I

WWA!”

st ano A\

,r‘



https://doi.org/10.1111/1755-0998.12764

ATTRIBUTES OF HARVESTED SPECIES

ngoDREAM Experience ICCAT. GBYP consortium 2011-2019
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GenoDREAM Experience ICCAT GBYP project still active...
... and TO BE CONTINUED

16™ SPECIAL MEEYING OF THE INTERMATIONAL COMM|
FOR THE CONSERVATION OF ATLANTIC TUNAS
(Maresiach, Merotes, Msvember 17 to 24, 2204)

- g
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GenoDREAM Experience ICCAT GBYP project still active...
... and TO BE CONTINUED
Check repository at https://www.iccat.int/gbyp/en/biostu.asp

https://doi.org/10.1002/fee.2090
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Theme IV: DNA as a biomarker for age

ATTRIBUTES OF HARVESTED SPECIES

-

Why is it important to
fisheries management?

+ Growth estimatas are essential
for devising harvest strategies.
But, growth cannot be estimated
without knowing age.

+ The age of individuals of
some fisheries species can be
estimated by counting growth
rings in sectioned hard parts
(like otoliths in finfish).

+ Many fisheries species (e.g.
crustaceans) don't have
hard parts for sectioning.

+ Counting growth rings is
lethal, whereas biomarkers
can be assayed from tissue
taken non-lethally.

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA + POLO SCIENTIFICO™DIDATTICO DI RAVENNA
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How does it work and
what are the limitations?

+ Telomeric DMA occurs at the
end of chromosomes and gets
shorter as the animal gets older.

+ If the shortening rate of
telomeric DNA is known, age
can be inferred from the length
of a specimen’s telomeres.

= Calibrating the rate of telomere
attrition is challenging if the
species cannot be maintained in
captivity or aged in other ways.

Case studies

= A relationship was demonstrated

between telomere length and
shell size in abalone from
Tasmania, but it has not been
extended to telomere length and
age in this species.
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Theme IV: DNA as a biomarker for age

Barriers to uptake

« [ittle is known about DNA as 3

biomarker for age in fisheries species.

+ Presently cost precludes wide usage.

+ Assays for telomere length may need
to be developed and calibrated de

novo for each species and population.

Future

+ There are a variety of DNA-based
biomarkers for age, but they
have received little attention.

+ Knowledge about telomeric DNA
will increase as genomic resources

become available for fisheries species.

GenoDREAM
indirect
Experience

« ICCAT GBYP project

» Methylation patterns in
specific genes
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GenoDREAM indirect Experience ICCAT GBYP project
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Theme IV: DNA as a biomarker for age
GenoDREAM indirect Experlence
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Research Article & Full Access

Inferring chronological age from DNA methylation patterns of
human teeth

Cristina Gruliami, Elisaberia CHli, Mana Giulia Bacalinl, Chiara Pirazzing, Marco S3Izni,

Friday morning DONATA LUISELLI
Human population dynamics in
traditional fishing communities:
genetics, nutrition, and health.

Gicergla Grupoioni. Claudia Frandeschl, - Paoio :_'1.'-_||"|;gl".:'|1'|||ﬁ. Donata Lisiseil

Flest purdished: 15 Decamber 2015 | hitpssdolorg N0, 1002/ ajpa 22921 | Ciied by 7
Methylation of ELOVL2 gene as
Eplgenetlc CIOCk Paolo Garagnani™®, Maria G. Bacalini'
. Chiara Pirazzini'2, Davide Gori®, Cristina
IN humans Giuliani®, Daniela Mari®®  Anna M. Di
Ellasin? Davide Gentllml Giovanni Vitale

57 gehastiano Collino®, Serge Rezzi®

Gastone Castellani®, Miriam Capri'2,

Stefano Salvioli'2 and Claudio Franceschi

T2

Article first published online: 14 OCT 2012

DOE 10.1111/3cel 12005

a hew epigenetic marker of age
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2 Issue

Aging Cell

Volume 11, Issue 6, pages
11321134, December 2012
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Epigenetic clock

- Measuring Animal Age with DNA
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R ey 31 Mpy 2010 Apepied: 23 O oer HI1F
DOl 101111/ 1755.0998 13111

Epigenetic clock RESOURCE ARTICLE PR \V'11EY
in humans A clockwork fish: Age prediction using DNA methylation-based
applied to wild biomarkers in the European seabass

animals (flShes') Dafni Anastasiadi © | Francesc Piferrer O

Favefved: 18 Anpal 2080 | Rewtaed 17 Binciiber 2000 | Al 1 Mesamber 2000
OCH: LTI e 1 500

ORIGIMAL ARTICLE EENEEYAEIER WILEY

Footprints of global change in marine life: Inferring past
environment based on DNA methylation and gene expression
marks

Dafni Anastastadi' @ | Changwel S$hao® @ | Songlin Cherd? @ | Francesc Piferrer ©
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Theme V: Ecosystem monitoring

e

Why is it important to
fisheries management?

* As ecosysiem-based management

is increasingly adopted, tools to
monitor interactions between
fisheries and the environment
are maore in demand.

Genetic tools can provide unique
understandings of ecological
processes, including: mapping
complex food webs, measuring
environmental stressors,

and detecting evolutionary
effects of climate change.

I’..r"

How does it work and
what are the limitations?

+ DMNA studies can reveal diets
in great detail. Dietary studies
can be used to understand
the indirect effects of
fishing on ecosystems.

+ Measuring the activity of
genes in harvested species
can reveal the presence of
pollutants and other stressors.

+ Functicnal genetic variants can
be tracked though time to detect
effects of environmental change.

Case studies

+ Comparable diet compositions
were obtained from parallel
DMNA-based and microscopic
analyses of Australian fur seal
diets. DNA-based analysis was
more rapid and more detailed.

+ Harvested species including
European flounder and mussels
are used as biosensors for
environmental contaminants.

+ Alaskan pink salmon
exhibited a genetic change
associated with the timing
of breeding. This change
was in line with expectations
under climate change.
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Theme V: Ecosystem monitoring

Barriers to uptake Future GenoDREAM
+ Technically, these tools are relatively + Environmental monitoring through Experience
mature. Where there is demand for DMA analysis is a rapidly growing
information to support ecosystem- field driven largely by technological
based management, there should developments such as next-
be few barriers to adoption of generation DNA sequencing. ° INV_CHIP prototype in
these rrlgthnlds o cc:mpl:a:‘ner;t + Tools to monitor the environment are th f k f
FOMVENTIONSE S35E55MERT 001 likely to receive increasing attention € frramework o
for the management of wild fisheries. F|Sh&Ch|p EU prOject
 Hake diet by gut content
metabarcoding

« Water samples
metabarcoding (deep
sea, fishing activities)

« ELASMODROP (aka
Martina Spiga’s PhD)
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GenoDREAM Experience Hake diet by NGS metabarcoding
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A metabarcoding approach for the feeding habits of European
hake in the Adriatic Sea

Giulia Ricdioni® &
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| Marco Stagioni®

| Corrade Piccinetti' | Simone Libralato®

Abstract

Eurcpesn hake (Meruocius meruccius} is one of the most economiczlly imparznt fish
for the Mediterranean Sea_ It is an important predator of deep upper shelf slope com-
munities currently characteriosd by growth oweresploitation: the understznding of
hake's diet might support next generation manazement tools. However, all current
Eurcpesn hake diet studies depend on the morpholozical identification of prey re-
mains in stomach conbent, with cons=guent imitatons. In this study, we set up a
metabarcoding approach based on cytochrome oxidase | PCR amplification and
Miseg lllumina peired-=nd sequencinz of M. meruccius stomach content remains and
compared the results to classic morphological anabyses. A total of §5 stomach con-
tents of M. merluccius sampled in the Morth-Central Adriatic Saa were anabyzed with
bath the metabarcoding and morpholozical approsches. Metabarcoding clearhy out-
performed the morphological method in the taxonomic identification of prey de-
scribing miore complex trophic relstionships even when considering the morphological
identification of 200 stomach contents. Stetistical analysis of diet composition re-
wealed 3 weak differentiztion among the haks's size classes, confirming an coportun-
istic feeding behavior. Al the anafyees performed showed the pres=nce of 2 core af
shared prey amonz the size classes and 2 dowd of size-specific prey. Our study high-
irhts the sxcsptional pot=nsial of metabarcoding a5 an approsch to provide un-
precedented taxonomic resclution in the diet of M. meduccius and potentially of
ather marine pradators, dus to the broad-spectrum of detection of the primers
wused. A& thorough description of thess complex trophic relatonships = fundamen-

tal for the implementation of an =cosystem approsch to fisheries.

EEYWORDS
Adrigtic 5=3, European hake, feading habits, Merucoius merirecius, metsharcoding

— scientific reports

DNA metabarcoding suggests
dietary niche partitioning
in the Adriatic European hake

Giulia Recciomi ™™, Marco Stagioni ", Cheara Manfredi™”, Fauste Tintr”, Carrada Piccinetis' &
Limone Libralato®

The Merthern Adriabic Sea (FAD Gaographical Sub-Asea 17} 5 ane of the maost praductive hsking
areas of the Meditermnean Sea and it indudes & broad diversity of Babitats. In the Morth e A dristic
hadin, the Poma Pit (200-E71 m of depth) 4 ane of the Mot impanent sréas of aggregation far
soma demserial srocks shaned inthe Adriatic Sea and 1 an im@orent spassmon ginursny s of

the Evrepean hake (Werlueoke merluccies). Through & mets barcoding appreach we investigated the
feeding habits of Evrapean hake; bath inside gnd outside the Poma Pt and their temparal vasiability
comparieeg samples collected in 2008 and 2014, Our analyses proved the presence of an ontogenetic
shift frorm a diet based mainly on crustaceans in juveniles 1oa mose pis dvorous feeding behaviour in
adbult hakes and suggested thi prosence of & specific niche partitioning and fooad preferences betwesn
ket living imslde and outslde the Pome Pit. The masn differences among sdult bakes refer v the
presence of mollescs in the stomachs of hakes colleced within the Pomo Pitand the presence of high
dupth pray apaciss (Le.,, Micromeiistiog gestoieod). Mitabarcoding ravasied the redesant neological
role played by the Pomo Pit in M. merlucoles feeding behaviour and catogenetic development,
promofing a careful HIH‘F!‘IJI:IH ~based management of fisheresin this area through fecused

curLe

https://doi.org/10.1038/s41598-022-05346-0
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Theme V: Ecosystem monitoring

Environmental DNA (eDNA) for biodiversity assessments

Ecosystem-based approach to fisheries management

eDNA in Fisheries Management and Ecosystem Monitoring

RESEAACH ARATICLE

Environmental DNA from Seawater Samples
Correlate with Trawl Catches of Subarctic,
Deepwater Fishes

Philip Francis Thameen'*, Pebar Rask Maller™, EﬂEﬂhﬂﬂﬂﬂ-ﬂd’ Shean
Willhalm Knusdsan®, ﬂll.hrlqm.lngmunu Esba Willorstau'

ALMA MATER STUDIORUM ~

FLALLLIE

ecology & evolution

&l Comimunirahon . | Fublshed. 21 Movesber 38158

Population characteristics of a large whale
shark aggregation inferred from seawater
environmental DNA

T Epeinp Tpsgsand, koa Sroman Aesisen Se e Saeag Sach, Eline 0, Loren pen, Dennd Phlip

Poeensne, Shean Wlhsm Enocess, bdkal YW e Pederses Eohammess A Iaclak, g

Crlpn oo, Eske Wil mred e, Peber B o Waller & PiedipFranom Tikomaen 3
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The sceptical optimist: challenges and perspectives for the
application of environmrental DMNA in marine fisheries

Brian Hitzaard Hanses' 5 | Dorte Bepkewodd? | Lotte Whorsee Chusea®® | Elsar Eg
risbent
bt o oo F i
Bevoares Mo imia o doany Abctrat
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SCIEMCE ADVAMCES | RESEARCH ARTICLE

ECOLOGY

Environmental DNA illuminates the dark diversity
of sharks

Germain Boussarie, ™™ Judith Bakker,' Crwen 5. Wangensteen,** Stefanc Mariani,!
Lucas Bonnin,'™ lean-Baptiste Juhel ™ Jeremy J. Kiszka," Michel Kulbicki,” Stephanie Manel,”
William [, Robbins,®*"" Laurent Vigliola,™ David Mosillor™" "™

In tha eta of “ARthropooene defaurmation,” Mge speckes ank often B langer detectad in habitacs whend Thiy
formerty ocowrred. Howewer, it s undear whether this apparent missing. or “dark” diversity of megafaura
results froom Incal specks ssbrpations or from faikere o detect ey remsiraing ircivicast, We fnd thes despite
tws crders of magnude lecs sampling oo, amdrommental DNA (eDRA] detects 88% more shark cpeckis tan
traciticns! urclenyoier vauml cerames and baked video: aceoss the Mew Calsdonian archipelago (south-messern
Parilic), Furthemmore, ®DMA analrva reveals the presence of previously umobserved shark species i buman-
iipmeted areas. Owverall, our resudes highlight @ graater prevalonce of sharks than deseribod by traditional sundey
meshods in hoth irpacted and waldemess areas, This indicates an ungent need for rge-scale s0NA assecements o
arprose roeater ing of threstened and Suive megefaura, Firally, cur Firdings em phasire the nesd for consrvation
eftorns spocifically geared toward the protection of elusive, meihel popiianons

e(lasmo)DNA
www.marianilab.org
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= > DNA collected from environmental samples
SUBSTRATE Sea water collected directly during fishing activities by METAPROBE (Maiello, et al. 2022)




ATTRIBUTES OF HARVESTED SPECIES

Theme V: Ecosystem monitoring

= > DNA collected from environmental samples
SUBSTRATE Sea water collected directly during fishing activities by METAPROBE (Maiello, et al. 2022)

CEE Sy o Marisge Sorence. XITL 0,711 IEEE i e T
OO W wdicassmadey 000 e "eleet e e e

DMNA metabarcoding of trawling bycatch reveals diversity
and distribution patterns of sharks and rays in the central
Tyrrhenian Sea

Linda Albonetti™? Giulis Maiella %" Mlessis Cadani ', Paslo Campentien®, Alice Feran’,
Alice Sbrana O, Peter Shum®, Lorenzo Talarico™ . Tormmiaso Russe® " and Stefano Mariani®'

A, —_— S— B Shared - 9
i B 8 (53.4%) only Catch ; (81.8%)
5 (33.3%) 2 (13.3%) 9(‘1);‘.;‘%,2 only Catch

o 0 (0%)
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ELASMO P: eDNA Monitoring of Mediterranean elasmobranchs
Task 5.3 & 5.4 Mediterranean elasmobranchs Task 5.1 & 5.5 eDNA field application
Reference Database studies
COl Nscsraa? (e > ~ 1000 samples collected :
NADH2 ISR 1012 [ °
_ 100% extracted
12S I 178 4 EEEEENEEE)
MtDNA VI | 100% amplfied
0 10 20 30 40 50 60 70 80 90 Jo0% sequenced
Task 5.1 & 5.2- Benchmarking eDNA s R+ vanam g,
SRS + vacuum pump + ziplock
sampling methods
MP S . Tank
ira fo}'f.'l & 'D Troplg _.~-">-:—.- =T
&
% g - 3 u Gy o
/( i A '#‘. P 6o
SRS s ; ’ i
8 | & & oy
Y Y, .« - o ; =
& - a = cONA i m_‘.;:._l___ | Catch
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P: eDNA Monitoring of Mediterranean elasmobranchs

T ELASMO
Task 5.1 & 5.5 eDNA field
application studies
~ 1000 samples collected: Ongoing analysis — “ e el =
jariRary results ¥ I 1‘%——{4— <
Y i i S
1 '/\ ”'_E;JN ? T;g?;‘“r . m_:%
92/ ; o T >
Sl ‘ N ‘\‘. e
elasmo -ﬁ.' O e .
R = l.__‘_._,L "“'I}l :" # I‘-._ 3 "“_""-u_;_l_ L
species N ' Bhe | W N
assessed ol & .::JwJ N = F
~inMed o v j > % gt S
m Critically Endangered (CE) ar i’ Ak -
m Endangered (E) : il e a
® Vulnerable (VU) i R~ T
8 o f \
ccniipabiialig W&
Important Shark and Ray Areas . T : .
(ISRA) -
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IMPACTS OF FISHING

Theme VI: Estimating harvest rates and abundance

-
Why is it important to

fisheries management?

+ Estimating the abundance
of harvested species is a kay
requirement for determining
sustainable yields or
environmental impacts.

+ Capture-mark-recapture analysis
of harvested organisms is
used to estimate abundance,
but for many species capture
leads to high mortality rates.

+ “Genetic tagging” combines
capture-recapture
analysis frameworks with
natural genetic tags.

+ Tagging can be achieved
without capturing organisms,

+ Genetic tagging avoids
some difficulties associated
with conventional capture-
recapture, such as tag loss
and high mortality.

I’..r"

How does it work and
what are the limitations?

+ Cenetic tags are unique DNA
fingerprints that are obtained
by sampling organisms
and assaying variable DNA
markers. For analyses they
function in the same manner
as conventional tags.

+ Abundance and other population
parameters can be estimated
from the recapture of individuals
identified with genetic tags.

+ Mew panels of genetic
tags must be developed
for each new species.

+ Users must ensure genetic
tags are read without error.

Case studies

+ Genetic tagging was first
applied to humpback whales in
the North Atlantic. Estimates
of abundance based on photo
records were subseguently
shown to be underastimates.

* The ‘genetag’ project used
a unigue hook design o
remotely take tissue biopsies
from Australian Spanish
mackerel for an assessment
of harvest mortality.

+ b ‘close-kin' approach was
used for Australian southern
bluefin tuna. Parent-offspring
pairs were detected through
parentage analysis and
analysed as recaptures. Resulfs
were incorporated into the
assessment of the fishery.

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA + POLO SCIENTIFICO™DIDATTICO DI RAVENNA




IMPACTS OF FISHING

Theme VI: Estimating harvest rates and abundance

Barriers to uptake Future GenoDREAM

+ There are biological and financial « Genetic tagging is a relatively . .
barriers to uptake of these novel new in the marine environment, ’nd’rect
methods by fisheries management. but has been widely adopted for .

+ Costs per tag are higher than monitoring terrestrial fauna. EXperlence

conventional tagging methods, but
other costs (such as deployment,
resampling and analysis) are similar.

» ICCAT launched multiple

« Similar to conventional tagging,

large populations of mobile calls for close-kin

and dispersed species reguire . .

extensive effort to obtain sufficient tagglng on Bluefin Tuna,
recaptures for accurate and but

precise parameter estimation.
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Theme VI: Estimating harvest rates and abundance
GenoDREAM indirect Experience
ICCAT launched multiple calls for close-kin tagging on Bluefin Tuna

Madrid, 10 June 2015
ICCAT CIRCULAR # 03646/2015

SUBIECT: TERMS OF REFERENCE — CALL FOR TENDERS ~ ICCAT GBYTP (07/2015)
ADVICE ON CLOSE-KIN GENETIC TAGGING STUDY
(ICCAT GBYP Phasc §)

I have the honour to transmit to you the attached Call { ' S Madrid, 16 fune 2015
on Close-Kin Genetic Tagging Study™ of the ICCAT .
Nuina (ICCAT GBYP)

ICCAT CIRCULAR # 0379272015

SUBJECT: CORRECTED TERMS OF REFEREMCE - CALL FOR TENDERS - ICCAT
GEYP (07/2015)
ADVICE ON CLOSE-KIN GENETIC TAGGING STUDY (ICCAT GHYP
Phase 5)

1 hawe the honowr to re-transmit to you the attached Call for Tenders ICCAT GBYP 072015 for
“Advice on Close-Kin Genetic Taguing Study™ of the ICCAT Atlantic-Wide Eesearch Programme on
Bloetin Tuna (ICCAT GBYFE). The previcus version [Circular # 3646) contmined a small emar in the

deliverables section. Please excuse any inconvenicncs caused.
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Theme VI: Estimating harvest rates and abundance
GenoDREAM indirect Experience

ICCAT launched multiple calls for close-kin tagging on Bluefin Tuna,

But...

Fishery-independent estimate _ _ : |
of spa'.lh;ning iiﬂl‘l‘lais of Campbell Davies visit to JRC uuder the scope of the ada
Southern Bluefin Tuna initiative

through identification of close-kin Ispra. 1G-18/December /2008 and 07-10/ Jamary f2014
using genetic markers

The twrthesd was vostand auml used oo semthem Bl tans 3] sml porfemmml veey welll sined 18
now brelng comsldersd a0 method Gar rowtiee ong-tetn IIr.|II-.||.I1.'|II-:||_ of the spawming siock. The
PR Progort R 3008EHS methed requires: thit the stock structure 5 welfl known amd that joeendles foom mosn spowning
(T 2 el enn b collaetind, Thic s Weoly 1o be o comstrndnt of thee appliention of the approach
for for meet Enropein stosds (el showe o linge sverlap between spawmner and jovensiles. Howeyer,
an. isderesting application may be for stocks of deep sen species, which howe & mone Inend behivdonr
and aucl are uslikely o be nmenahle to braditiconl stock ssseeanent methods, dee o the ong
time series required. Coplinlopodd stocks meay T another potentio] candbibare tecse s Bokin
i these spocies mkes it very diffirnlt w0 nse the trufitional stock assessment methods

A W Hratragton; Petar M. Linsvsm anid |..'|'|'|F|.'l:l| R Davias
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i

COMMUNICATIONS

ARTICLE JRC TECHNICAL REPORTS

Recereed 17 Naw 2015 | Accemied 8 =0 2066 | Published 14 Naw 2006 OPEN

Absolute abundance of southern bluefin tuna

estimated by close-kin mark-recapture Deep Sea - Close Kin:
y P A Genetic Approach for

Improved Fisheries Management

Mark V. Bravington', Peter M. Grewe' & Campbell R Davies’

Southen bluefin luns is 2 highly valushs sevensly deplsted spedes whows shandance Close Kin Hnﬂl‘}“ﬁfE based on Genstics
and prodoctivity have besn ditficult 1o awssss with conventional fahery data Here we yes i Support of Imﬂ'm_""e":'. Management
Large-acale gunotyping o look for parent-obhpeing peirs among W000 tmue sample of under the Common Fisheries Policy - A
fuveriile snd adull tuna collectad bam the fishens, finding 45 pairs in tolsl Uking 8 madified Feaaibility Assessment

miark-recaplure {ramework whens recaptures’ arekin rather than individusts, we canesfmats
atull abundance and other demographic parameters such &= survival, without needing to use
confsnous fishery catch ar sort dsta Our shondance ssfmates 3re subsafisly higher g&mﬂﬁr
amnd more precie than previously thoughl, indicsting @ somewhat lese-depieted and marne

praductive stack. More braadly, this tschnique of ‘close-ln mark-recapture’ has widespraad
utiity in fisheries and wildite comservation || sctimales 3 bey parameter for mamegement— ToaE
the shoolute shundance of adufls—while svoiding the expense of independen surveys ar
Egrede e programmes, aod the mbarpretstionst problams of lishery cxbch rates.

Inpn Th Marbnache
Ernara Jardim
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GenoDREAM indirect Experience

www_nature_com/scientificreports

SCIENTIFIC REPg}RTS

Genetic relatedness reveals total
population size of white sharks in
eastern Australia and New Zealand

R. M. Hillary, M.V, Bravington®, T. A Patterson’, P. Grewe ", B. Bradford®, P. Feutry
R.Gunasekera’, V. Peddemors?, J. Wermy®, M. P. Frands®, €. AL L Duffy*& B 0. Broce®

Coons areatihon ©ond e s exds T for maery s haris but robust estimaies o fa bund anoe are often Leddng .
Improwing pojpulathon status i apeefonman o mess une for 5peces under 00N SEreao N O NSy
plans, yot tha lack of data parmitting estimation of population size means tha efficacy of managament
scticns can be difficult to assess, and schisving the goal of remeving speciss from conssntion listing
challenging. For potestially d angenous spedes, Bosthewhite shark, balan ding oo nesrvathon and
public safety demandsis polithcally and sodally comples, often lesding to g orous debate about

thesr pop lation status. This Incmes e the need for nob st infoemation to infoem policy deds lons. We
dewveloped anowel method forestimating thetotl sbun dance o f white sh s bn sastern Australia

and Mew Zealand using the genetic relatednes s o f juseniles and applyinga dos eddn maskrecaptune
framework and demographic modsl. Estimated numbers of adults are small (ca. 280—650), asis total
population size (ca. 2, 5006, 7500, Howevar, astimates of survival probebility are high for sdults iover
5054, and fairty high for juveniles (around 7336). This represants the first direct astimsta of total whits
shairk abu ndain op ain d survival caloulated from data soross both the s patial sndtempo sl He: history of
the: animal and peosidesa pathaay toestimate popu lation Tend.

Recsivect 20 Jorwary 2001 | Revied: 22 At 2021 | A
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Close-kin methods to estimate census size and effective

population size

Robin 5. waples!™ | Pierre Feutry® ™

Northwest Fizheries Srience Center,
Mational Marine Fisheries Service, Mational
Seattle, Washingion, USA
Iommorneesith Scientific sand Industrial
Atmosplere, Hobart, Tasmaris, Australiz
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Pobin Wiples, Morthvssst Fisheries foence
Cber, 2775 Monglake Bhad. Eazt, Seatile,
WA, PELITUSA,

Funding information

Frolich Feel lowship; NOAA Fisheries Office
of Science and Technokgy

Abstract

The last two decades have rapid s and @ ing i in
use of: [1) penetic methods to estimate effective populstion size [N ) and [2) close-kin
mark-recapturs [CEMR) methods to estimate abundancs based on the incidence of
close relatives. Whereas N_estimation methods have been applied to 3 wide ranze of
tanm, all CKMR applications to date have been for aquatic species. Thess two fields
d karpehy i and this is unfortunate becawse
deeper insights can be gained by joint
thizs synthesis, we use simple analytical models and simulated padipres dats to il-
lustrate how various factors (ife-history frait=: patterns of variation in individual re-
productive Experi | desigr; stochasticity: marker type) can affect the
performance of the estimators. We chow that the NN ratio and the probability of
@& close-kin match both depend on a vector of parental weights that specify relative
prababilifies that different individuals will produce offspring. Althourh age-specific
witad rates are central to both methodologies, for CKMR they can potentially bias
sbundance estimates wnless properly accounted for, wher=as they represent the sig-
nals of genetic drift that N esti son methods d d upon. Ci ing N, and
CEME estimation methods using the same or overlapping datasets would facilitate
Joint evaluation of both the ecological and evaluti: v ez of at

of inquiry hawve

luation of eco futionary p . In

HEYWORDS
abundance, penetics, mark-recapture,

ctive skew, siblings
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Low levels of sibship encourage
use of larvae in western Atlantic
bluefin tuna abundance estimation
by close-kin mark-recapture

Jan R. McDowell ", Mark Bravington® ", Peter M. Grewe™ , Matthew Lauretta® ",
John F. Walter lIP, Shane M. Baylis?, Thierry Gosselin®, Estrella Malca®®, Trika Gerard®,
Akihiro Shiroza®*, JohnT. Lamkin?, Ellen E. Biesack®, Glenn Zapfe®, Walter Ingram’,
Campbell Davies® & Clay Porch?

Globally, tunas are among the most valuable fish stocks, but are also inherently difficult to monitor
and assess. Samples of larvae of Western Atlantic bluefin tuna Thuanus thynnus (Linnaeus, 1758) from
standardized annual surveys in the northern Gulf of Mexico provide a potential source of “offspring”
for close-kin mark-recapture (CKMR) estimates of abundance. However, the spatial patchiness and
highly skewed numbers of larvae per tow suggest sampled larvae may come fram a small number of
parents, compromising the precision of CKMR. We used high threughput genomic profiling to study
sibship within and ameng larval tows from the 2016 standardized Gulf-wide survey compared to
targeted sampling carried out in 2017. Full- and half-siblings were found within both years, with 12%
of 156 samples in 2016 and 56% of 317 samples in 2017 having at least ane sibling. There were also
two pairs of eross cohort half-siblings. Targeted sampling increased the number of larvae collected
per sampling event but resulted in a higher proportion of siblings. The combined effective sample size
across both years was about 75% of the neminal size, indicating that Gulf of Mexica larval collections
could be a suitable source of juveniles for CKMR in Western Atlantic bluefin tuna.

Sci Rep 12, 18606 (2022).
https://doi.org/10.1038/s41598-022-20862-9
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Macrid, 21 February 233
ICCAT CIRCULAR # G-00194 F2023
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Theme VII: Monitoring genetic diversity

Why I5 It Important to
fisheries management?

+

*

Genetic diversity rafars 1o the
diversity of genetic varianls
inaspecies” gens pool,

Dwersity is reduced by prolonged
reductions in population size
and changes to conmecttons
babween populations.

Metrics of genetic diversity

can pravide indications of the
asbundarce of a species, as wellas
its capacity o evolve Inresponse
to enviranmental change:

ALMA MATER STUDIORUM =~ UNIVERSITA DI BOLOGNA + POLO SCIENTIFICO™DIDATTICO DI RAVENNA
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How does It work and
what are the limitations?

¢ Genetic effective population size
is 3 convenienl way to summarize
and standardize changes n
genail diversity across taxa.

+ There are twa lypas;
contemparary [short-tarm)
and hislorhcal kang-term).

+ Estbmales ade independent
of catch-per-unit-=forl

= GQenetic effective population see:;

— {5 relevant to time-scates ower
which harvesting has oocured,

— has potential for ndexing
vargin hipmass that
pradates harvesting; and

— plays a key role in monftorng
changes in genetic diversity
associated with ficheries
enthancement Wiz re-
stocking (theme [X),

Effective population size i
typlcally smaller than tha
cansus population size.

Case studies

+ Thie short and long-term genetic
effective population size of tiger
praens in south-east Queenstand
wers similar, Implylng harvest
rates have been sustainabls

+ Genanr effective population size

and the spawning population
slze af sandbar sharks on sast

coast af LIS wen= simiar.
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Barriers to uptake Future

+ Uptake will increase as the + Comparisons between estimates
challenges of translating effective of effective size from genetic and
population size to census population demographic data will help to
size are better resolved. understand how they are related.

+ Comparisons between genetic
effective population size and
estimates of abundance from other
systems where genetic markers are
used (e.g. mark-recapture studies,
theme VII) will assist both fields.

GenoDREAM
Experience

* Ne estimates
(contemporary and long
term) in Bluefin Tuna and
other species
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GenoDREAM Experience Ne estimates (contemporary and long term)
in Bluefin Tuna and other species

Spatio-temporal population structuring and genetic
diversity retention in depleted Atlantic Bluefin tuna

of the Mediterranean Sea

Giulia Riccioni™’, Monica Landi™'?, Glorgla Ferrara®, llaria Milano®, Alessia Carlani®, Lorenzo Zane®, Massimo Sella™?,
Guido Barbujani®, and Fausto Tinti™*

2WE-2107F | PHAS | February 2 2010 | wol 10F | no. b W piess g gidioll 10 107 3 pnas. 0208 281107
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Theme VII: Monitoring genetic diversity

GenoDREAM Experience Ne estimates (contemporary and long term)
in Bluefin Tuna and other species

MOLECULAR ECOLOGY

Mloferlar F.-:'lliumr {313 20, 35550548 ez 11111 ,-'1.13&5-2943.’.3‘.:1 1058159 %

Temporal genetic stability and high effective population
size despite fisheries-induced life-history trait evolution
in the North Sea sole

E. L. CUVELIERS," F. A. M. VOLCKAERT,*A. D. RIINSDORP.t1 M. H. D. LAEMUSEAU*§Y and
G. E. MAES*
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GenoDREAM Experience Ne estimates (contemporary and long term)
in Bluefin Tuna and other species

Ancient DNA SNP-panel data

DU T T SR [ TR N S R

>U33€Genomic stability through time despite decades of
tuna ¢axploitation in cod on both sides of the Atlantic
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IMPACTS OF FISHING

Theme VIII: Evolutionary responses to fishing

-

Why is it important to
fisheries management?

+ Fishing has the potential
to introduce undesirable
evolutionary changes to
harvested populations, ultimately
altering their distribution,
abundance and productivity.

+ Understanding these processes
would enable fisheries
managers to adapt practices
ta prevent or reduce thelr
impacts on productivity.

s

How does it work and
what are the limitations?

+ Evolutionary changes in
functional genes underlying
traits of interest can be
directly monitored through
time or in space.

= A significant challenge for this
approach is our incomplete
understanding of the genetic

basis of most traits in wild fishes _

Case studies

* Heavily exploited North Atlantic
cod have shifted towards earlier
and smaller maturation In spite
of environmental conditions
favouring the opposite.
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IMPACTS OF FISHING

Theme VIII: Evolutionary responses to fishing

Barriers to uptake Future G
enoDREAM
= Few fisheries have adopted = Genomic resources are increasingly .
strategles to guard against becorming available for fisheries EXperlenCE
evolutionary responses to fishing. species and will provide a means

= This may reflect a lack of awareness
of the issue, lack of compelling
local examples, or greater
focus on maore immediate and
carventional fishing pressures.

« Underpinning this is the difficulty
of making clear links between
environmental change, selection, and
evalutionary responses, and then
extending the inference to meaningful
impacts on fisherles productivity.

ALMA MATER STUDIORUM — UNIVERSITA DI BOLOGNA

to understanding adaptive traits,
including those assoclated with  FInE EU Project

environmental change.

« ATGC-TUNA UNIBO
FARB Project

« ICCAT GBYP Data
Recovery Project

« MSCAITN SeaChanges
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IMPACTS OF FISHING

Theme VIII: Evolutionary responses to fishing
GenoDREAM Experience FInE EU Project

. &)  ution

° - »
e Energy allocation model

i
-1.'1

Under exploitation — 5 Size-selective fishery |
¥ ¥
Survival is law Smaller fish survive

EARLY!:

7 veors. 73cm. 3.7ko 2000s

Figure 1: lllustrating the effects of fisheries-induced Fl
evolution, the age, size, and weight of first-time spawners
have fallen dramatically in Northeast Arctic cod.

internal / I H > | -
B MD B M D
* Decreased growth rate (adult)

Whith li‘ghilla rassl e —= Eviolution of
life-history traits = Fisheries Induced
Evolution

W

* Earlier maturation at smaller siza
* Higher reproductive investment
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g IMPACTS OF FISHING

Theme VIII: Evolutionary responses to fishing
GenoDREAM Experience it all started in this building...

Massimo Sella Archive

=z
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Theme VIII: Evolutionary responses to fishing
GenoDREAM Experience ATGC-TUNA UNIBO FARB Project, ICCAT
GBYP Data Recovery Project, MSCA ITN SeaChanges
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Theme VIII: Evolutionary responses to fishing
GenoDREAM Experience ATGC-TUNA UNIBO FARB Project, ICCAT
GBYP Data Recovery Project, MSCA ITN SeaChanges

ICES JOURNAL OF
MARINE SCIENCE

akos with BFT meraing  —|
= Eth @GE - 8ih GE Cotaros 0 1000 Km
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O

JUURMAL ARTICLE fOITON S CHOICE
Exploitation history of Atlantic bluefin tuna
in the eastern Atlantic and Mediterranean
—insights from ancient bones @

Andrews et al. 2022, ICES J Marine Sciences. Jan 2022 Editor’s Choice
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Theme VIII: Evolutionary responses to fishing
GenoDREAM Experience ATGC-TUNA UNIBO FARB Project, ICCAT
GBYP Data Recovery Project, MSCA ITN SeaChanges
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Theme VIII: Evolutionary responses to fishing
GenoDREAM Experience ATGC-TUNA UNIBO FARB Project, ICCAT
GBYP Data Recovery Project, MSCA ITN SeaChanges

Unlocking ecological history using fish remains
Eco-evolutionary consequences of exploitation in the Atlantic bluefin tuna

measurements over two millennia
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IMPACTS OF FISHING

Theme IX: Genetic consequences of stock enhancement

-

Why is it important to
fisheries management?

= Stock enhancement GVercomes
recrultrment Fallure by the releass
of captive-bred individuals.

* Interbreeding between local
and introdisced individuals leads
to hwbrids, which may have
lowrer fitmess than wild fish.

= nfit hwbrids can reduce
the productivity of the
population and increase the
reliance on enhancemant

-

How does it work and
what are the limitations?

= Genelic consequenes can
be avolded by releasing
individuals that are compatible
with the local environment
and wild populations.

* This is challenging,
despite quality assurance
programs for hatcherias.

= Genetics can be used to manitor:

= hatcherizs for changes to
genetic attributes; and

— post-release survival and
detect hybridization.

Case studies

+ The reproductive suocess
of offspring of captive-bred
steelhead trout inthe wild
was 4 0% below that of wild
conspecifics. '

+ This suggested the overall fitness
of the enhanced population
would progressively decrease,
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IMPACTS OF FISHING

Theme IX: Genetic consequences of stock enhancement

Barriers to uptake Future GenoDREAM
+ & balance is needed between the * Managers need guidelines Experience
requirement for enhancement and 1ts describing the lkelihood of
potentially detrimental consequences. genetic consequences, and
how ta minimise them,
* Twa areas need attention: * AQUAGEN EU Tender
— how to produce captive-bred « AQUATRACE EU Project

indlviduals with sufficlent fAtness
for survival after release: and

- guantifying the extent and
tuccess of mixed spawning
in enhanced populations.,

= Countries like Australia that are
rrialing enhancement naed 1o plan in
advance for genetic consequences.
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Theme IX: Genetic consequences of stock enhancement
GenoDREAM Experience

AQUAGEN EU Tender & AQUATRACE EU Project

el #bsl Aqr-rhen The Cosmorsium D= Tin iHam¥asr &ran

W o 10

AquaGen - Genetic Assignment of F ’
and Environmental Impact Assassme . a q ua ra C .
Thr suzbanabie b = ek i conbrad graal of Hie Cirrremon

e kg, s fn e high EQ desmidnd of Bsb g M prosidia

Participants Interactive platiornm Paolicy Corner Further mbto News Contacts

FP7 AquaTrace: the development of tools for tracing and evaluating

the genetic impact of fish from aquaculture

»OSgaquatrace

ALMA MATER STUDIORUM ~— UNIVERSITA DI BOLOGNA + POLO SCIENTIFICO™DIDATTICO DI RAVENNA




Theme IX: Genetic consequences of stock enhancement
GenoDREAM Experience

AQUAGEN EU Tender & AQUATRACE EU Project

Trends in world aquaculture production: major species groups

Million tonnes

60
B Aquatic animals NEI
50 s Molluscs
. Crustaceans
| Marine fishes |
40 I Diadromous fishes
B Freshwater fishes

30

20

10

70 75 80 85 90 95 00 05 08

Note: NEI = not elsewhere included. FAQ ‘State of World Fisheries and Aquaculture-2010’ report
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Theme IX: Genetic consequences of stock enhancement
GenoDREAM Experience

AQUAGEN EU Tender & AQUATRACE EU Project

Molecular tools for fisheries management Molecular tools for improved breeding

 Population characterization = QTL Linkage Maps

Synergy Genome Wide Selection

Common genomics tools

SNP genotyping
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Theme IX: Genetic consequences of stock enhancement

GenoDREAM Experience
AQUAGEN EU Tender & AQUATRACE EU Project
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BIOSECURITY

Theme X: Detection of pathogens and invasive species

o~ '
Why is it important to How does it work and Case studies

? i ?
fisheries management! what are the limitations? < i Gasod Bigh moriality

in wild populations of abafone

« Pathogens and imeasive species « Geretic tools for detecting
represent major threats to the biosecurity risks in wild fisheries (Halotis spe.) j":'_"g the ;
productivity of wild fisheries, rely on the palymerase chaln scutheast Australian coastline
reaction [PCR) which coples * & genetic assay for the disease

+ Denetic assays can diagnose

and cuiantify the inclence of scarce DNA mateculas untll in farmed and wild ahalane

diseases ar fnvasive species in they are abundant enough was developed and deployed

wild fisheries and aguaculture. far diagnasteic tests. In southern Austraila, A code
of praciice was subsequently

* PCR enables highly sensitive
detection of target organksms
fram thssue samples as well
as environmerntal samples

. including water and sediment

* Rapld dizgnosis of disease
arinvasive species enables 2
targeted responie, which is ikaly
2 increase 1ts effectivensss,

developed 10 cenuol (ha
disease I the commercial,
recreational, aquaculiure
and processing sectors.

+*

DA analysis of water samplesin
a large river and canal complex
inthe northeastern US4 hawve
been used 1o delimit the range
~ of two specias of Invashve carp
with greater sensitivity and lower
cost than conventional surveys.

= MWovel tests need to be
develaped for each new
pathcgen of nvasive spacias,

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA + POLO SCIENTIFICO™DIDATTICO DI RAVENNA




BIOSECURITY

Theme X: Detection of pathogens and invasive species

Barriers to uptake Future GEI’IODREAM
+ There are few technical barriers to the + The potential for the spread of .

use of this technology for pathogen disease into wild populations will Experlence

or invasive species detection. rise as more species are farmed

within their natural ranges.

+ Environmental change (e.g. increasing * MICRO(BI)ARRAY Project

water temperature) may change the
ranges of pathogens and the way in
which pathogens and hosts interact.

Tuesday Morning MARCO BASILI

Molecular Approaches in Microbial Ecology: Processes, Challenges, and Insights into
Fish Microbiomes

Friday afternoon GRAZIA QUERO

The hidden actors of the coastal sea: current knowledge on the occurrence, diversity
and threats posed by microbial pollutants in the marine environment
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POST-HARVEST REGULATION

Theme XI: Product provenance and fisheries surveillance

-

Why is it important to
fisheries management?

« Genetk tools can e usad to ke
samples to see if they belong to
individuals, families, populations,
o species of fnferest,

L ]

Arcurate tdentfication
15 impartant far;

- powerful and econamical
enforcemant and
survelilance; and

— BRSUMANG consumer safety
and confldence

« The technaiogy is typically wsed
for post-harvest analysas, such
a5 the detection of product
substitution and checking
accuracy of labehng.

How does it work and
what are the limitations?

* Ganerally, 3 'ONA Barcoding'
approach is used o assign
specimens (o a species through
compartson 10 g reference
database of DNA sequences.

= SpeEcimens can also be
assigned o blclogical stocks
af individual carcasses,

# Ecrablishilng reference samples
requires a coardinated
effort ahead of application
af the techrology.

Case studies

# [n 2001, 70 - 30% of smoked
Atlamtic cod products
tested in United Kingdom
wera mislabeled,

+ An Australian fisher was fined
far poasessing fernate mud
crabs allegediy caught n
the Northern Territory, but
were genatically 2ssigned
o a8 Queensiand population
where females are profected,
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POST-HARVEST REGULATION

Theme XI: Product provenance and fisheries surveillance

Barriers to uptake Future GenODREAM
« Establishment and maintenange + Seafood producers may use genetic .
of reference databases requires provenance testing to accredit Expe rle nce
long-term planning and funding. their product and protect their

commercial Interest and reputation.

* Increasingly, specimen identifications - FISHPOPTRACE EU

will need to stand up to cross- .
examination within tha legal system, Project
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‘m POST-HARVEST REGULATION

hfe‘@

From where??

Y\

What species? ~ Where from?

TRACEABILITY EU LABELING
REGULATION:
EC 104/2000 AND 2065/2001 Y’"ﬁ' \ TIPO 01 PRODOTTO. Tonne in alio d alva

(‘ A ' SPECIE DI TONNO. Thunnus Atbaeares Tono Pinne Gialke)
'\'DF.NT‘TA LUDGO D! PESCA: Oceana ludiano - FAD 51
D LUDGD DI LAVORAZIONE Seychelies c

{ METODO DI PESCA: jesca o Gl otizions
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FRAUDS RELATED TO:

PROTECTED AREAS
CLOSURE TO FISHING
(LOCAL/SEASONAL)
EXCEEDING TAC
CERTIFICATIONS (ECO/GREEN
LABEL)
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Theme XI: Product provenance and fisheries surveillance

GenoDREAM Experience FishPopTrace EU project
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Gene-associated markers provide tools for tackling
illegal fishing and false eco-certification
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GENOMIC APPROACHES IN MARINE FISHERIES RESEARCH:
NEW OPPORTUNITIES AND CHALLENGES

BIOLOGY

Jowrmal of Fist Biology (2016) 89 27552767
doiz10. 11 L 13151, available online at wibzyonlinelibrary.com

The role of genetics in fisheries management under the E.U.
common fisheries policy®

Jouraal of
I. Casey®, E. Jarnim anD J. TH. Marminsous B]OLOGY

Firopeaa Commission, Directorote-Gereral Moind Research Cemfne (RO, Dire

D—Sustainable Resources, Unit D.02-Water and Marine Ressurces, TPO51—Bidg Journal of Fish Biology (2016) 89. 2505-2518
Enrico Fermi 1748, 21027, fspra, VA, laly doi:10.1111/jfb.13129, available online at wileyonlinelibrary.com

Can estimates of genetic effective population size contribute
to fisheries stock assessments?”

J. R. Ovenpen*T, G. M. LEiGHE, D. C. BLowERr*§, A. T. JoNES*||,
A. Moorej. C. BustamanTe***, R, C. BuCKWORTHTT, M. B. BENNETT**
AND C. L. DupGEON**#*
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GENOMIC APPROACHES IN MARINE FISHERIES RESEARCH:
NEW OPPORTUNITIES AND CHALLENGES
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GENOMIC APPROACHES IN MARINE FISHERIES RESEARCH:
NEW OPPORTUNITIES AND CHALLENGES

# > Frontiers in Marine Science > Marine Fisherles, Aquaculture and Living Resources > Research Topics

Prospects and Challenges for the Implementation of HTS Genetic
Methods in Fisheries Research Surveys and Stock Assessments.
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Grenomics Can Promote
Sustainable Fisheries: Genes, fish and fisheries: translating science into policy
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GENOMIC APPROACHES IN MARINE FISHERIES RESEARCH:
NEW OPPORTUNITIES AND CHALLENGES

Hamessing the Power of
Genomics to Secure the
Future of Seafood

Louis Bernatchez,™*" Maren Wellenreuther, =1
Cristian Araneda,® David T, Astton  Julia M.I. Barth ®
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Trends in Bootogy & Brolution, Septem ber 201 7, Vol 32, Mo, 8

Problem Problem not
resolved resolved

Trends in Ecology & Evolution

ALMA MATER STUDIORUM — UNIVERSITA DI BOLOGNA + POLO SCIENTIFICO™DIDATTICO DI RAVENNA I




GENOMIC APPROACHES IN MARINE FISHERIES RESEARCH:
NEW OPPORTUNITIES AND CHALLENGES
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DNA-analysis to monitor fisheries and aquaculture: Too costly?
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Abstract

Evidence from DNA-analvzi is commonplace & human creminal myvestigations, and
wihie it is increasingly being used in wildlife crime, to date, it spplication to control
and esnforcement activiti=s in fisherne: and sguacufture has only besn sporadic.
Contemporary DMA-anahysis tools are capable of addressing 2 broad range of compli-
ance issues, species identficasion, mizlabelling of fizh products, determining the ori-
&m of catches and the farm of origin of squaculture escape=es. Such spplications have
the potential to enzere tracechifty slong the fish product supply chain and to combat
consumer fravd and lllegzl Unreported snd Unrezulated fishing. Mevertheless, DRA-
anabysis is not vet used routinely in imeestirstions into compliznce with fehenzs and
aguaculturs l=piziztion. One potential reason for this = that DNA-anabysis techniques
may have besn regarded ac too expensive. Howesver, costs have plummeted oesr the
past decades prompting us o objectively aszess whether the costs aszociated with
routine uze of DMA-analysiz echniques for fisheries and aquaculture control snd
enforcement activiciss do constitute an impedim=nt. Bas=d on 3 number of recent
fizheries and sguaculture compliance mvestipations that mcorparated DMA-analysis,
pur resutts indicate that the use of penstic analysis was justifisd and worthwhile inall
cazes exammed. We therefore conclude that the costs associated with DN A-analysis
do not represent & barrisr to the routine adootion of DNA-anafysis techriguss in
fizheries and sguacufturs compliance investipations. Thus, control and enforcement
ap=ncies shouwld be encourazed 1o use such technigues routinedy.
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Genomic approaches in marine fisheries research: challenges and opportunities

The course will introduce to the potential of genomic approaches, which are increasingly
important for understanding evolutionary processes, such as adaptation to the diverse
habitats within the marine environment, including fishery-induced evolution.

Recent advances in genome technology will be presented and their implementation from
genome assembly to comparative and population genomics.

Examples will be given on how genomics tools can allow tackling several challenges to
ensure sustainability and profitability of fisheries management.
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Genomic approaches in marine fisheries research: challenges and opportunities

What can Genetics/Genomics do more for
your PhD project??




There is no
DNA in my

PhD, and there
never will be

There is no
DNA in my
PhD, but there
could be some

Genomic approaches in marine fisheries research: challenges and opportunities

There is
already DNA in
my PhD, but |
could have
more/better

There is
already DNA in
my PhD, but |
could get rid
of it




