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Summary

• Our ancestors and the coastline environment

• Marine resources from past to present

• Fishing: health benefits and contaminants

• Genetics and epigenetics of fishing communities 





Homo sapiens evolution and migration from Africa

Three key phases in our ancestry 



The gray traces show the first population to have left a genetic mark in modern human populations. The orange 

and fuchsia circles summarize the interactions with archaic groups while the blue arrows refer to the main 

secondary population movements 

A summary of the peopling of continents by H. sapiens



Neanderthals inhabited this
vast geographical region from
300-430 thousand years ago
(kya) up to 40 kya, overlapping
in time and space with modern
humans









Ancient mixing of ancestries shaped present-day European body and health 
traits





Human population genomic variability
between demography and local adaptation



In addition to adaptive introgression, admixture
within species facilitated genetic adaptation to
the ever-changing world of pathogens and
pollutans .

Distribution of variants of archaic hominins 
in modern human genomes.





The original 2,504 samples from the 1000 Genomes
Project were re-sequenced and new related samples
were added for generation of an improved publicly
accessible whole-genome sequencing resource

THE HUMAN GENOME VARIABILITY



Coastal adaptations have become an important
topic in discussions about the evolution and
dispersal of Homo sapiens.

Why does the fish story from our evolutionary past matter today?



Shore-based habitats provided 

abundant and sustained access to a wide 
selection of  foods rich in brain selective 
nutrients

associated to the evolution of 
neonatal body fat reserves, which 

were just as important for optimal human 
brain development. 

Cunnane and Crowford, 2014

What are the selective advantages conferred 
by adopting coastal adaptations?



Over the course 
of human 
evolution, 

brain size tripled

The human brain is nearly 60% fat
by total weight, and that big,
powerful brain needs to be
provided with certain types of
fats (both saturated and
unsaturated) throughout life to
provide a balance of structural
integrity and fluidity to its cells.

The ‘brain hypothesis’ for the causal impact of coastal adaptations for human evolution



Archaeological research in southern Africa revealed early human coastal adaptations that
occurred at least as far back as ~160,000 years ago in the Middle Stone Age (MSA)—the
cultural period of the earliest Homo sapiens. Paleolithic sites across Africa and elsewhere
support the hypothesis that coastal adaptations have a long and lasting history.

Did Neanderthal adapt to the sea in the same way as early Homo sapiens?





Map depicting the main sites with evidence of coastal
adaptations by modern humans in north Africa
(circles) and Neanderthals in Europe (rectangles).

There is good evidence for Neanderthal use of
marine resources and coastal landscapes from 30
cave, rockshelter and open-air sites associated with
MP archaeology.



An ivory fishhook with a raw material age of about 
19,000 years Final Palaeolithic, site Wustermark 22 
(northeastern Germany) 
► Mesolithic fishhook tradition has its roots in the 
Final Palaeolithic. 

Fishing is a prehistoric practice dating back at least 40,000 years. 

Aegean Talismanic seal with crab, ca. 1450 BC

Little Fisherman. Wall painting, 
Akrotiri, Thera, Greece



Many of the shells and bones were marked with black burns, which showed 
they were heated to over 300°C (572°F), indicating they had been roasted for 
the purpose of eating. 



Understanding the antiquity of coastal settlement, marine fishing, and maritime 
migrations is difficult because global sea levels have risen ∼125 m in the past 20,000 
years, drowning ancient shorelines and vast coastal landscapes. Recent efforts to better 
understand the importance of marine and freshwater ecosystems in human evolution 
have focused on different approaches and perspectives on the antiquity of fishing 
societies, seafaring, and human impacts on marine ecosystems.



Cytosine deamination involves the addition of an 
oxygen molecule and bacterial diagenesis will be 
significantly slowed in an anoxic environment. 
Moreover the ‘salt effect’ significantly slowed the 
process of depurination in high ionic environments 



19 prehistoric Sicilians covering the Mesolithic to Bronze 
Age periods (10,700–4,100 yBP). 





The extent to which humans relied on coastal resources in the past, is key to 
assessing human health.

Looking at the origin of fishing in Mediterranean prehistory

Mesolithic cemeteries in the Mediterranean, at El Collado, Valencia



High-resolution biomolecular techniques, like 

compound-specific isotope analysis of 
individual collagen amino acids (CSIA-AA) 
which allows greater accuracy in discriminating 
between land animals and marine life.



• Fish (finfish or shellfish) are essential to a healthy diet.

• Fish are the primary sources of healthy long-chain omega-3

fats and are rich in other nutrients such as vitamin D and

selenium, high in protein, and low in saturated fat.

• There is strong evidence that eating fish or taking fish oil has a
positive impact on the heart and blood vessels.





HEALTH EFFECTS



While the role of seafood is well recognized as an important

source of protein in the human diet, the role of seafood
biodiversity as an important aspect of the provision of
essential micronutrients has been overlooked.

Seafood species richness improves the efficiency with 
which human diets can meet RDA targets by reducing 
the minimum portion size required

Links between the complexity of aquatic ecosystems and their capacity to produce nutritional benefits



Nutrient concentrations in finfish muscle tissue vary with ecological traits in ways that 
differ among the essential trace elements (calcium, iron, zinc) and the essential fatty acids 
(EPA and DHA).





Frequency histograms of concentration of arsenic (A), cadmium (B), lead (C), and 
methylmercury (D) in edible muscle tissues of North American aquatic species relative to 
PTDI. (E) Increasing seafood species richness increases the number of contaminants 
which exceed the upper tolerable limit (PTDI) in a 100 g portion (NC).



Fish Intake, Contaminants and Human Health 
Evaluating the Risks and the Benefits





Food has been studied not only from a
chemical prospective, but also for the
capacity of metabolites produced by
food oxidation to modulate gene
expression, directly (nutrigenomics) or
by epigenetics remodeling
(nutriepigenomics).
However, inter-individual differences
(i.e., the genetic variability) and
environmental exposures (i.e.,
physical activity, drug, food pesticide
residues, etc.) contribute to produce a
lot of effects



Gene × environment (G × E) interactions involve synergy 
between environmental risk factors and genetic variants. 



Among the main seafood contaminants there are organochlorine pesticides, organotin compounds, phthalates, brominated flame
retardants, polyflourinated compounds, polycyclic aromatic hydrocarbons (PAH), dioxins, dioxin-like PCBs and non-dioxin-like PCBs, 
heavy metals (mercury, cadmium, lead) and arsenic





Global mercury
(Hg) cicle



Mercury concentration in fish
increases with:

• Trophic level
• Size
• Age
• Demersal habitat

Hg

Hg

Hg



López-Costas et al., 2020. Human bones tell the story of atmospheric mercury and
lead exposure at the edge of Roman World

Skeletons are an  archive 
reflecting contaminant 
exposure.

Lanzada, NWSpain.  Roman inhabitants of this settlement incorporated two times more mercury and lead into 
their bones than post-Romans inhabiting the same site, independent of sex or age.











FADS CLUSTER



EVOLUTIONARY ASPECTS OF THE DIETARY 
OMEGA6/OMEGA 3 FATTY ACID RATIO

• a balance existed during the long 
evolutionary history of genus Homo;

• essential to humans in the sense that 
they cannot be synthesized de novo 
but need to be supplied through 
dietary intake;

• lack of the converting enzyme, omega-
3 desaturase (omega-6 to omega-3 
fatty acids);

• a balance is a physiological state 
(important physiological effects)

The metabolic
conversion of dietary
omega-3 and omega-6
18 carbon (18C) to long
chain (>20 carbon)
polyunsaturated fatty
acids (LC-PUFAs) is vital
for human life.

The rate-limiting steps
of this process are
catalyzed by fatty acid
desaturase FADS 1 and
2





linoleic acid (LA)
α-linolenic acid (ALA)

eicosapentaenoic acid (EPA) 
docosapentaenoic acid (DHA)

FADS1
FADS2

delta-5 and delta-6 
desaturases



Rapid dietary changes over short periods of time 
have occurred over the past 100–150 years →
totally new phenomenon in human evolution.



Fumagalli et al., 2015. Greenlandic Inuit 
show genetic signatures of diet and 
climate adaptation

A scan of Inuit genomes for
signatures of adaptation revealed
signals at several loci, with the
strongest signal located in a cluster
of fatty acid desaturases that
determine PUFA levels.



LD and HAPLOTYPE BLOCK

Selection has targeted different alleles in the FADS genes 
in Europe than it has in South Asia or Greenland.



LD BLOCK 1: FADS1 + 1° half of FADS2

HAPLOTYPE A HAPLOTYPE D
(increased FADS1 activity and is
hypothesized to be an adaptation to a
diet relatively low in PUFA, whereas
haplotype A is hypothesized to be
advantageous in a PUFA-rich
environment).





Selection has targeted different alleles in the FADS genes in Europe than it 
has in South Asia or Greenland.

The derived haplotype was reintroduced to Europe in the Neolithic by the migration of Early Farming
populations from Anatolia, experienced strong positive selection during the Bronze Age and is now at a
frequency of around 60%.
The trajectory of the derived haplotype in East Asian populations is less clear. It is common today in East Asia
(40%), and the locus does exhibit a signal of selection in East Asian populations. But, with limited ancient DNA
evidence, it is unclear whether this represents recent selection or ancient shared ancestry with African
lineages.



The alleles showing the strongest changes
in allele frequency since the Bronze Age
show associations with expression changes
and multiple lipid-related phenotypes.

Multiple SNPs in the region affect
expression levels and PUFA synthesis.

Conclusions FADS genes:



MAJOR DEPRESSION AND FISH CONSUMPTION





The 12q24 locus is an approximately 2-Mb region with a strong LD, and it has been reported to widely influence
metabolic traits.
In the 12q24 locus, rs671 is a SNP that is located in the ALDH2 gene and causes an amino acid substitution.
The rs671 minor allele reduces the degradation of acetaldehyde, a toxic intermediate metabolite of alcohol, and thus
results in reduced alcohol consumption.

The association between
the 12q24 locus and fish
intake frequency was
attenuated by adjusting for
alcohol consumption or
alcohol intake frequency,
indicating that the 12q24
locus influences fish intake
frequency via drinking
habits



Common genetic variants within genes involved in Phase I/Phase II detox reactions associated 
with variability of response to foods or nutrients that modulate detox metabolism.





Goodrich et al., 2011. Glutathione enzyme and selenoprotein polymorphisms
associate with mercury biomarker levels in Michigan dental professionals

This work assumes that polymorphisms in key genes underlie inter-individual 
differences in mercury body burden as assessed by mercury measurement in 
urine and hair, biomarkers of elemental mercury and methylmercury, 
respectively. 



SEPP1

SEPP1 3’UTR T allele is linked to 
greater SEPP1 expression and 
mercury binding capacity.

Selenoprotein P 

plasma 1

TWO DIFFERENT ALLELE EFFECT

SEPP1 encodes a selenoprotein, which fights the oxidative stress
created by mercury by binding the toxicant directly via a
selenocysteine residue

it encodes for an enzyme, glutathione
synthetase, that is involved in the synthesis of
glutathione, to which mercury is conjugated
before being eliminated.



1) Fish consumption as estimated by
a self-administered survey was the
best predictor of measured hair
mercury level

2) Regression model:

TaqMan SNP Genotyping
Assay

lower hair mercury per unit of intake from fish consumption

GSS 5’ minor allele was associated with increasing hair 
mercury concentration per unit of fish mercury



FS is a defined group of people who share identity and interact each other to
perform activities along the fisheries value chain based on experiential
knowledge accumulated over time and passed along generations.

Two examples from traditional Fishing Community 

Traditions represent a set of practices developed by repetition over time and regulated by shared values, beliefs, accepted rules, and negotiated across
different levels and consist of the cultural background and identity of specific groups of people who exercise them. Traditional usually refers to cultural
continuity transmitted in the form of social attitudes, beliefs, principles, and conventions of behavior and practice derived from historical experience.



• 80% of the protein intake from fish
• No industrial activities, roads, vehicles
• No gold-mining
• No dental amalgam fillings

Ttaditional Communities of Brazilian Amazon

de Oliveira et al., 2014. Genetic Polymorphisms in
Glutathione (GSH-) Related Genes Affect the Plasmatic
Hg/Whole Blood Hg Partitioning and the Distribution
between Inorganic and Methylmercury Levels in Plasma
Collected from a Fish-Eating Population

The only source of mercury exposure was the intake of contaminated fish



Questionnaires on sociodemographic, lifestyle, 
and health information
+
7-day recall food consumption frequency 
questionnaire

Blood sample collection

Genomic analysis
+
Mercury level measurements

Aim of the study: to evaluate the effects of polymorphisms in
glutathione (GSH-) related genes on the distribution of mercury species
(MeHg and IHg) in the plasma compartment.



Multiplex PCR

GSTM1 GCLC

glutathione S-transferase glutamate-cysteine ligase

enzyme that catalysed the conjugation of glutathione to 
methylmercury

encodes one of the two subunits that constitute glutamate-
cysteine ligase, the first rate-limiting enzyme of glutathione 
synthesis

Authors genotyped two glutathione-related genes, GSTM1 and GCLC



GSTM1 – Null homozygotes showed higher plasmatic methylmercury levels

GCLC – TT and CT showed higher plasmatic methylmercury levels

Functional GSTM1 is related to lower methylmercury-conjugating activity, lower methylmercury

excretion, and a higher methylmercury retention.

Moreover, also persons carrying at least one T allele for GCLC had significant higher plasmatic 
methylmercury levels.

RESULTS



Wahlberg et al., 2018. Maternal polymorphisms in glutathione-related genes are 
associated with maternal mercury concentrations and early child 
neurodevelopment in a population with a fish-rich diet

The authors hypothesized that maternal genetic variation linked to GSH 
pathways could influence MeHg concentrations in pregnant mothers and 
children and thereby also affect early life development.

Seychelles population with a diet rich in fish. Over 80% of
Seychellois women eat fish daily, and the median fish meals per
week during pregnancy is 12.



Maternal genotypes

Maternal hair and blood Hg

Cord blood Hg

Children’s Mental Developmental Index (MDI)
and  Psychomotor Developmental Index (PDI)



GCLC – rs761142 TT 
homozygotes showed 
higher hair Hg levels

GCLC GCLM – rs761142 TT and rs41303970 CC
homozygotes showed  higher hair Hg levels



Increasing Hg in maternal and cord
blood was associated with lower
PDI among GCLC rs761142 TT
carriers

Increasing mercury in hair was
associated with lower MDI among
GSTP1 rs1695 GG carriers



SEAFOOD NUTRIENTS AND 
CHEMICALS MOLECULAR 

IMPACT

Selective pressure on 
genetic and epigenetic

variants

Epigenetic changes

PHENOTYPIC CHANGES







Giuliani et al., 2014. The epigenetic side of human adaptation: hypotheses, 
evidences and theories

Epigenetics mechanisms could represent ‘‘medium-term’’ strategies to cope 
with a demanding environmental condition



Epigenetic changes Gene expression changes

A common type of epigenetic modification is called DNA methylation. DNA methylation involves 

the attachment of small chemical groups called methyl groups (each consisting of one carbon atom 

and three hydrogen atoms) to DNA building blocks



Methylation variability across human 
populations

Genetic backgroundEnvironment

• Diet 
• UVA exposure 
• Pathogens load
…

Could methylation changes
contribute to human adaptation?

Carja et al., 2017











Mercury levels in hair of mothers as a 
percentage of the Europe-wide average

Mediterranean countries

Junqué et al., 2018. Drivers of the accumulation of mercury and organochlorine pollutants in 
Mediterranean lean fish and dietary significance



In resource-dependent communities such as fishing communities, human health 
underpins the ability of individuals and families to maintain viable livelihoods. 
Fishing is a dangerous occupation, in which fishers are exposed to health risks both 
on and offshore.

Many of these risks and associated health concerns also extend to fishing families 
and wider communities.

Despite the importance of health, there is a lack of understanding of the breadth of 
health issues affecting people associated with fishing.



mental health



Take home message



Donata Luiselli
Ravenna Campus, UNIBO

donata.luiselli@unibo.it

aDNALab, Department of Cultural Heritage

mailto:donata.luiselli@unibo.it

