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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 traceability 
and management context

eco-compatible management of 
marine bio-resources

ALESSIA CARIANI 
BACKGROUND: 
- 1998-2009: BSc&MSc&PhD Scienze Ambientali Marine 
- 2009-2013: PostDoc from Microarray&Microbes to PopGen in Fish (and AoB!)
- 2013-2019: RTD junior -> RTD senior -> associate professor

NOW:

MED_UNITS; SPELMED (EC EASME/EMFF)
FISHBONE; TRANSBORAN (FAO GFCM)

PRIZEFISH &TECHERA (Interreg IT-HR)
GBYP (ICCAT) MEDBLUESGEN (EC JRC)
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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 Friday afternoon??
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Genomic approaches in marine fisheries research: challenges and opportunities
LET’S START FROM YOU! 



6

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

https://www.ices.dk/community/groups/Pages/WGAGFA.aspx
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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.”

Professor GARY CARVALHO – ICES INTERVIEW - 8 May 2019

Genomic approaches in marine fisheries research: challenges and opportunities
WORKING GROUP ON APPLICATION OF GENETICS IN FISHERIES AND AQUACULTURE
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Genomic approaches in marine fisheries research: challenges and opportunities
ALSO OUTSIDE EU IN THE MED
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Genomic approaches in marine fisheries research: challenges and opportunities
ALSO OUTSIDE EU IN THE MED
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GENETIC VS GENOMIC
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GENETIC & GENOMIC APPLICATIONS
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QUICK INTRO TO METHODS (QUICK I PROMISE)

Sequencing history

https://the-dna-universe.com/2020/11/02/a-journey-through-the-history-of-dna-sequencing/
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QUICK INTRO TO METHODS (QUICK I PROMISE)

Sequencing history

https://www.hindawi.
com/journals/bmri/20
15/461524/fig1/

Renato Dulbecco 
VS

Craig Venter
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QUICK INTRO TO METHODS (QUICK I PROMISE)

Sequencing history

https://www.yourgenome.org/stories/pacbio-
and-third-generation-sequencing/
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QUICK INTRO TO NGS METHODS

Sequencing history
«NEXT» GENERATION SEQUENCING (NGS) PLATFORMS

«DEAD»
«DEAD» «ZOMBIE»
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NGS PLATFORMS -> Illumina Sequencing

https://www.illumina.com/content/dam/illumina-
marketing/documents/products/illumina_sequencing_introduction.pdf

QUICK INTRO TO NGS METHODS
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QUICK INTRO TO NGS METHODS

NGS PLATFORMS -> Illumina Sequencing
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QUICK INTRO TO NGS METHODS

NGS PLATFORMS -> Illumina Sequencing
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QUICK INTRO TO NGS METHODS

NGS PLATFORMS -> Illumina Sequencing
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QUICK INTRO TO NGS METHODS

NEW/NOW GENERATION SEQUENCING (NGS) PLATFORMS
AKA

THIRD GENERATION SEQUENGING

SINGLE MOLECULE REAL-TIME SEQUENCING

NANOPORE SEQUENCING
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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
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QUICK INTRO TO NGS METHODS

NEW/NOW GENERATION SEQUENCING (NGS) PLATFORMS
AKA

THIRD GENERATION SEQUENGING

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.
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QUICK INTRO TO NGS METHODS

NEW/NOW GENERATION SEQUENCING (NGS) PLATFORMS
AKA

THIRD GENERATION SEQUENGING

PacBio
Long reads

Oxford Nanopore
Long reads

Illumina sequences:   _ _ _ _   _ _ _ _ _          _ _ _ _ _   _ _ _       _ _ _ _       _ _ _  _    _ 
PacBio sequences:    _____________________         __________________________
MinION sequences:    ______________________         __________________________
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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 
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QUICK INTRO TO NGS METHODS

GENOMIC CONCEPTUAL FRAMEWORK

Benestan et al. 2016
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QUICK INTRO TO NGS METHODS

GENOMIC CONCEPTUAL FRAMEWORK

Aim of Study Optimal sequencing method Minimal Reference Needed 

Population subdivision, migration 
rates, population size changes through 

time
RAD None

Genes under selection Exome Sequencing De novo transcriptome**

Selection signatures and genomic 
regions underlying ecological 

speciation
Low-coverage WGS Draft genome

Molecular basis of acclimatization, 
adaptation

RNAseq or TagSeq
None or

De novo transcriptome

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

GENOMICS FOR NON-MODEL ORGANISMS
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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 Friday afternoon??

Genomic approaches in marine fisheries research: 
challenges and opportunities 
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Genomic approaches in marine fisheries research: 
challenges and opportunities 





GenoDREAM 
Experience

• Fish&Chip EU project
• ELASMOMED network
• ABFT larvae and bones ID
• Egg case identification



GenoDREAM Experience

Which species??

? ?



GenoDREAM Experience

!



GenoDREAM Experience



GenoDREAM Experience Fish&Chip EU project

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

FISH&CHIPS 



GenoDREAM Experience ELASMOMED network

Barcode ID Morphological ID
FAO Division
(N° of misidentified specimens/N° of barcoded 
specimens)

Dasyatis centroura Pteroplatytrygon violacea 37.1.3 - Sardina (1/1)
Dasyatis tortonesei Dasyatis pastinaca 37.2.2 – Ionian (4/4)
Pteroplatytrygon violacea Dasyatis centroura 37.1.1 - Balearic (1/1)
Leucoraja circularis Leucoraja fullonica 37.1.3 - Sardinia (2/8); 37.2.2 - Ionian (1/5)
Raja polystigma Raja montagui 37.1.1 - Balearic (2/5)
Torpedo marmorata Torpedo nobiliana 37.3.2 - Levant (3/9)
Torpedo marmorata Torpedo torpedo 37.2.1 - Adriatic (1/1)
Scyliorhinus canicula Scyliorhinus stellaris 37.2.1 - Adriatic (4/20)
Mustelus punctulatus Mustelus mustelus 37.1.1 - Balearic (5/5); 37.2.1 - Adriatic (45/146)
Centrophorus granulosus Centrophorus uyato 37.1.1 - Balearic (1/5)
Squalus blainville Squalus acanthias 37.1.1 - Balearic (2/3); 37.3.2 - Levant (5/5)
Squalus blainville Squalus megalops 37.2.2 - Ionian (4/12)



GenoDREAM Experience ABFT larvae and bones ID



GenoDREAM Experience Egg case identification





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



GenoDREAM Experience FishPopTrace EU project

I PESCI NON SONO TUTTI UGUALI!



mRNA molecules

(expressed genes)
Reverse transcription to

double-stranded cDNA

Short fragment (ESTs) 

massive parallel sequencing

De novo clustering/

assembly in contigs

(non-model species)

Reads mapping and in 
silico SNP discovery

NGS:
• High-troughput
• Reduced times and costs
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GenoDREAM Experience FishPopTrace EU project



SNP SELECTION STRATEGY

“GENOME SCAN” APPROACHES TO IDENTIFY “OUTLIER” LOCI

GenoDREAM Experience FishPopTrace EU project



GenoDREAM Experience FishPopTrace EU project
NEUTRAL LOCI VS OUTLIER LOCI

Solea solea



GenoDREAM Experience FishPopTrace EU project

299 SNPs NEUTRAL

7 SNPs OUTLIER 19 SNPs OUTLIER

ATLANTIC MEDITERRANEAN

NORTH 
SEA

PORTUGAL ALGERIA EASTERN 
MED

CENTRAL 
MED

CENTRAL 
MED

Merluccius merluccius



GenoDREAM Experience STOCKMED EU project



GenoDREAM Experience STOCKMED EU project

Identification of stock units – Vision from different disciplines/criteria
M.Merluccius



GenoDREAM Experience STOCKMED EU project
Identification of stock units and stock boundaries by multi-criteria approach 





GenoDREAM 
Experience

• ICCAT GBYP 
consortium 2011-2019



GenoDREAM Experience ICCAT GBYP consortium 2011-2019

Subcontractors:
• Dr. Isik Oray
• Univ. Pau (France)
• Univ. Arizona (USA)
• Dr. Toshihide Kitakado (Japan)
• Sgiker/Ibercron (EHU, Spain)
• KaliTuna
• Dr. Massimiliano Valastro



GenoDREAM Experience ICCAT GBYP consortium 2011-2019
Extensive sampling with several temporal replicates

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

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


GenoDREAM Experience ICCAT GBYP consortium 2011-2019
Extensive sampling with several temporal replicates

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

Larvae Blue
Young-of-the-year Green
Medium adult Yellow
Large adult Purple

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


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

GenoDREAM Experience ICCAT GBYP consortium 2011-2019

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

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


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

GenoDREAM Experience ICCAT GBYP consortium 2011-2019

Western 
Atlantic (%) 95% CI Mediterranean 

(%) 95% CI

WAGSL13L 31.3 (6.4, 74.1) 68.7 (25.9, 93.6)
CACA12L 20.9 (6.4, 53.4) 79.2 (46.6, 93.6)
CACA12M 0.1 (0.0, 58.5) 99.9 (41.5, 100.0)
EACI13L 7.0 (0.1, 55.2) 93.0 (44.8, 99.9)
EAMO12L 0.0 (0.0, 48.0) 100 (52.0, 100.0)
EAMO13L 0.7 (0.0, 54.2) 99.3 (45.8, 100.0)
EAPO11L 0.0 (0.0, 61.7) 100.0 (38.3, 100.0)
CMSY12L 6.4 (0.0, 43.5) 93.6 (56.5, 100.0)
CMSY12M 3.1 (0.0, 41.4) 97.0 (58.6, 100.0)

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


GenoDREAM Experience ICCAT GBYP project still active…
… and TO BE CONTINUED



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

https://doi.org/10.1002/fee.2090




GenoDREAM 
indirect
Experience

• ICCAT GBYP project
• Methylation patterns in 

specific genes



GenoDREAM indirect Experience ICCAT GBYP project



GenoDREAM indirect Experience

Epigenetic clock 
in humans



GenoDREAM indirect Experience

Epigenetic clock 
in humans
applied to wild 
animals
(mammals)



GenoDREAM indirect Experience

Epigenetic clock 
in humans
applied to wild 
animals (fishes!)





GenoDREAM 
Experience

• INV-CHIP prototype in 
the framework of 
Fish&Chip EU project

• Hake diet by gut content 
metabarcoding

• Water samples 
metabarcoding (deep 
sea, fishing activities)



GenoDREAM Experience Hake diet by NGS metabarcoding

https://doi.org/10.1038/s41598-022-05346-0



Environmental DNA (eDNA) for biodiversity assessments

Ecosystem-based approach to fisheries management

eDNA in Fisheries Management and Ecosystem Monitoring 



e(lasmo)DNA
www.marianilab.org



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



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





GenoDREAM
indirect 
Experience

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



GenoDREAM indirect Experience 
ICCAT launched multiple calls for close-kin tagging on Bluefin Tuna



GenoDREAM indirect Experience 
ICCAT launched multiple calls for close-kin tagging on Bluefin Tuna, 
But…



GenoDREAM indirect Experience 



GenoDREAM indirect Experience 



GenoDREAM indirect Experience 

Sci Rep 12, 18606 (2022). 
https://doi.org/10.1038/s41598-022-20862-9





GenoDREAM 
Experience

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



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



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



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





GenoDREAM 
Experience

• FInE EU Project
• ATGC-TUNA UNIBO 

FARB Project
• ICCAT GBYP Data 

Recovery Project
• MSCA ITN SeaChanges



GenoDREAM Experience FInE EU Project



GenoDREAM Experience it all started in this building…
Massimo Sella Archive



GenoDREAM Experience ATGC-TUNA UNIBO FARB Project, ICCAT 
GBYP Data Recovery Project, MSCA ITN SeaChanges



GenoDREAM Experience ATGC-TUNA UNIBO FARB Project, ICCAT 
GBYP Data Recovery Project, MSCA ITN SeaChanges

Andrews et al. 2022, ICES J Marine Sciences. Jan 2022 Editor’s Choice



GenoDREAM Experience ATGC-TUNA UNIBO FARB Project, ICCAT 
GBYP Data Recovery Project, MSCA ITN SeaChanges

δ13C, δ15N, δ34S
stable isotopes:
Diet and habitat use 

dynamics

Morphology:
Size reconstructions

Inferring growth using annuli

WG sequencing:
Demography

Structure

Adaptive responses

Adam Andrews, MSCA 

PhD Fellow /

PostDoc

adam@palaeome.org

mailto:adam@palaeome.org


GenoDREAM Experience ATGC-TUNA UNIBO FARB Project, ICCAT 
GBYP Data Recovery Project, MSCA ITN SeaChanges

Andrews et al. 2023, ICES J Marine Sciences. 
Mar 2023 Editor’s Choice

measurements over two millennia
showed that

1. 21st c. ABFT age 1-2 grew
significantly faster than in the 
20th c. and 16-18th c.,

2. 20th c. ABFT age 1-2 grew
significantly faster than the 16-
18th c.

3. coincides with stepwise SST and 
NAO increases

4. decrease in growth at age 4-6 
between the 20th and 21st c.

1-3. Climate-Change Evolution
4. Fishery - Induced Evolution

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





GenoDREAM 
Experience

• AQUAGEN EU Tender
• AQUATRACE EU Project



GenoDREAM Experience 
AQUAGEN EU Tender & AQUATRACE EU Project



FAO ‘State of World Fisheries and Aquaculture-2010’ report

GenoDREAM Experience 
AQUAGEN EU Tender & AQUATRACE EU Project



GenoDREAM Experience 
AQUAGEN EU Tender & AQUATRACE EU Project



GenoDREAM Experience 
AQUAGEN EU Tender & AQUATRACE EU Project





GenoDREAM 
Experience

• MICRO(BI)ARRAY Project

Tuesday afternoon
Gian Marco Luna, National Research Council 
Safety of fish products; microbial food webs and teleost microbiome. 





GenoDREAM 
Experience

• FISHPOPTRACE EU 
Project



TRACEABILITY EU LABELING 
REGULATION: 
EC 104/2000 AND 2065/2001

From where??



FRAUDS RELATED TO:

▪ PROTECTED AREAS

▪ CLOSURE TO FISHING 

(LOCAL/SEASONAL)

▪ EXCEEDING TAC

▪ CERTIFICATIONS (ECO/GREEN 

LABEL)



50 loci
13 loci

9 loci8 loci

GenoDREAM Experience FishPopTrace EU project



GENOMIC APPROACHES IN MARINE FISHERIES RESEARCH: 
NEW OPPORTUNITIES AND CHALLENGES
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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. 

WE DID IT!!
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Genomic approaches in marine fisheries research: challenges and opportunities 
THE MOST POWERFUL DEVICES
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Genomic approaches in marine fisheries research: challenges and opportunities 
THE MOST POWERFUL DEVICES

SPECIES/COMMUNITIES

POPULATION/STOCKS

AGE

ABUNDANCE

BARCODING/
METABARCONDING

POPGEN IN SPACE AND TIME POPGEN IN SPACE AND TIME
CKMR

EPIGENETIC



4

Genomic approaches in marine fisheries research: challenges and opportunities

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


