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Epigenetics: historical context
• Subject of interest since the era of physiologist William Harvey (1650) and

naturalista and evolutionary theorist Lamarck (1744-1829), without the
knowledge that genes existence;

• Introduced in 1942 by developmental biologist and evolutionist Conrad H.
Waddington:

“…it is possible that an adaptive response can be fixed without waiting for 
the occurrence of a mutation…”
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Waddington “epigenetics relates to several different branches of biology”



“… the interactions of genes with their environment which bring the phenotype into 
being.” 

Phenotype

Darwin theory of biological evolution
….natural selection of small, inherited variations……

Lamark theory of Inheritance of 
acquired Characteristics
…organism can pass on characteristics that it 
has acquired through use or disuse during its 
lifetime..



Epigenetics

Waddington’s “epigenetic landscape”

Epigenotype
: 

The summary of the epigenetic signatures in an individual cell 
type.



Acclimatization

Imprinting

Epigenetics: the broad context



Epigenetics
“The study of phenomena and mechanisms that cause
chromosome-bound, heritable changes to gene expression that are
not dependent on changes to DNA sequence.”

Deans and Maggert, 2015
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Molecular mechanisms regulating epigenetics:

Phenomena

Epigenome
DNA methylation Histone modification Non coding RNA

miRNA – post-
transcriptional silencing;

siRNA – increase
epigenetic marks;

piRNA – directs DNA
methylation machinery to
transposable elements.

≠ Epigenotype; ≠ Phenotype; = Genotype

Acetylation

Phosphorylation
Methylation



Molecular mechanisms regulating epigenetics:

Epigenome

DNA methylation Histone modification Non coding RNA

Transcription
machinery

Transcription
machinery

Heterochromatin

Transcription “off”

Euchromatin

Transcription “on”

Methyl group

Histone acetylation

Histone phosphorylation



Epigenetic tools:
Writer, readers and 
erasers

DNMTs – DNA methyltransferases, 
HKMTs – Histone lysine
methyltransferases, 
PRMTs – Protein arginine
methyltransferases, 
HATs – Histone acetyltransferases, 
MBDs – Methyl-CpGbinding
domains, 
PHD – Plant homeodomain,
HKDMs – Histone lysine 
demethylases, 
HDACs – Histone deacetylases.

Biswas & Rao, 2018





Transgenerational Stability of Different Modes of
Epigenetic Inheritance

Harvey et al., 2018



Protein-Based Epigenetic Inheritance Impacts Diverse 
Aspects of Biology

Harvey et al., 2018



Environmental regulation of epigenome:
Environment

Epigenome

≠ Epigenotype; ≠ Phenotype; = Genotype

Adaptive response Susceptibility to disease



Environmental regulation of epigenome:

+

Eggs Embryo Larva Juvenile Adult

Intrauterine life Childhood Adulthood F0 F1 F2 F3

F0 F1 F2 F3

Intergenerational inheritance Transgenerational inheritance

.

Loss of DNA methylation

* *



Epigenetics and zebrafish

Epigenetic alterations in CNS phenotypes produced by experimental manipulations.

Lakstygal el al., 2018



The relevance of epigenetics for aquaculture

• Epigenetics studies may offer a means to improve production

and sustainability;

• Improving traits in a controlled aquaculture environment may

increase fish resistance to disease and thus, improve fish quality.

• Climate smart aquaculture;



The relevance of epigenetics in aquaculture

+

Transgenerational
plasticity

Phenotype traits



Temperature

Nutrition

Salinity/pH

HypoxiaPathogens

Xenobiotics

Social 
interactions

Development and growth
Sex determination

Metabolism
Behaviour

Adaptive response to 
climate change

Fecundity
Disease resistance

The relevance of epigenetics in aquaculture:



Larval programming

Higher temperatures
than optimum

• Masculinization of females;

• Tolerance to heat stress;

• Resistance against Vibrio campbelli;

• Attenuation of stress response;

• Supression of immune function;

• Increased growth;

• Hypertrophy of muscle fibers.



Larval programming

Hypervitaminosis A • Vertebral malformities

Salt-enriched diets • Higher survival rate when transfered to
seawater

Fast/refeed • Modulation of muscle development and
growth;

• Affects gonadal development.

Vegetable-based diets • Improve later tolerance to the same diet;
• May have negative impact on growth and
imune system;

• Long-term performance of progeny.
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CASE STUDY – Temperature imprinting



Imprinting conditions (Sea bream, Sparus aurata)



Acute Stress Challenge

30 min of confinement

n = 20/tank
2 replicate tanks per group

70 Kg/m3

20 Kg/m3

20 Kg/m3

0 hours

1 hour
4 hours

24 hours

Plasma (RIA, biochemical assays)

Pituitary and head kidney (qPCR)

Head kidney (Histology)

Samples:



Impact of thermal imprinting on plasma cortisol levels and StAR 
expression

â Low magnitude of cortisol response in HT group.

LT
HLT
LHT
HTStARCortisol

â Increased expression of StAR in HT group.



Impact of thermal imprinting on pituitary gene expression

POMC  α1 POMC  α2 GR

LT
HLT
LHT
HT

â Up-regulation of POMC α1 and POMC α2.

â Down-regulation of GR expression at 4h in all groups.
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Impact of thermal imprinting on immune function

LT HLT LHT HT

24h �
�

�

MMCs in head kidney, stained with alcian blue-Periodic Acid Schiff (PAS)-Orange G. Scale bar = 100 µm. 

LT
HLT
LHT
HT

MMCs DCT

â Decrease in MMCs in LHT 
and HT at 24 h.

â Overall down-regulation of
DCT at 24 h.



Conclusion

• Thermal history significantly modified the HPI responsiveness in adult sea 
bream when eggs and larvae were reared at a higher than optimal 
temperature (HT, 22°C)
• HT fish had a reduced amplitude in their cortisol  response and 

significantly up-regulated pituitary pomc and head kidney star transcripts. 
• Acute stress challenge led to a modified immune function and the head 

kidney of adult fish reared during development at HT and LHT, (18-22 ºC) 
had a decreased number of MMCs and a significant down-regulation of 
dopachrome tautomerase.
• Thermal imprinting during development impacted on adult sea bream 

physiology and increased plasma levels of glucose and sodium HLT (22oC 
to 18oC).
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