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What is epigenetics?





Courtesyof Dag Ahrén





Blakemore & Cooper 1970

έΧǘƘŜ visualcortex mayadjustitself
duringmaturationto the natureof its
visualexperienceΦέ



ȰÔÈÅ branch of biology which studies the 
causal interactions between genes and 
their products which bring the phenotype 
into ÂÅÉÎÇȱ

Waddington1942



.ÁÎÎÅÙȭÓcellular control systems
Genetic ɀȰÁ ÌÉÂÒÁÒÙ ÏÆ ÓÐÅÃÉÆÉÃÉÔÉÅÓȱ
Epigenetic ɀȰÁÕØÉÌÉÁÒÙ ÍÅÃÈÁÎÉÓÍÓ ɍȣɎ ÄÅÔÅÒÍÉÎÉÎÇ ×ÈÉÃÈ 
ÓÐÅÃÉÆÉÃÉÔÉÅÓ ÁÒÅ ÔÏ ÂÅ ÅØÐÒÅÓÓÅÄ ÉÎ ÁÎÙ ÐÁÒÔÉÃÕÌÁÒ ÃÅÌÌȱ

Nanney1958

Example of contemporary definition
%ÐÉÇÅÎÅÔÉÃÓ ÉÓ ȰÔÈÅ study of phenomena and mechanisms that 
cause chromosome-bound, heritable changes to gene expression 
that are not dependent on changes to DNA ÓÅÑÕÅÎÃÅȱ

Deans & Maggert2015





http://pt.slideshare.net/SushmaMarla/dna-methylation

So what do the epigeneticmodificationsdo?



Characterizinghistone-DNA 
interactions
o - ChIPSeq



CharacterizingDNA methylationςbisulfitesequencing
o WholeGenomeBisulfiteSequencing
o ReducedRepresentation BisulfiteSequencing
o BisulfiteRADseq



Epigeneticsin 
ecology& evolution



Objectɀask questions about its properties 

Toolɀuse it to improve performance on a task

Scaffoldɀuse it to get a different vantage point



Zemachet al. 2010

Keller et al. 2016

Differencesin DNA methylationpatternsin vertebratesand invertebrates



Developmentalplasticity



cyp19amethylationand sex determination in seabass

Navarra-Martin et al. 2011. PLoSBiol







Simola et al. 2016. Science

Bonasioet al. 2012. CurrBiol

Methylationmaydrive 
castedifferentiation in 
antsΧΦ

Χ ƻǊ maybehistonemodificationsΧ όbehaviouraldifferences)



The Barker Hypothesis

έwŜŎŜƴǘ findingssuggestthat human fetusesadaptto a limited supplyof
nutrientsand in doingso permanentlychangetheir physiologyand 
metabolims. Theseέprogrammedέ changesmaybe the originsof disease
in later life, includingcoronaryheart diseaseand the ralateddisorders 
ǎǘǊƻƪŜΣ ŘƛŀōŜǘŜǎΣ ŀƴŘ ƘȅǇŜǊǘŜƴǎƛƻƴέ



Bilbo& Tsang2010



Waterland& Jirtle2003



Lumeyet al. 2007

The Dutch Hunger Winter cohort



Tobiet al. 2014. Nat Comm

Largestdifferencefor 
first trimesterexposure



Mitotic inheritance

Adaptive plasticity

Environmentalchange
(mismatch)

Maternaladversity

Embryonic responses
(immediateand predictive)

Change in DNAmof
targetgenes

Gene regulationmaintained

Disease



Epigeneticreprogrammingin mammalsςtwice

Heard & Martiensson2014. Cell



Gene regulationmaintained

Selectionof embryos with particular
expression profiles

Epigeneticselection

Epigeneticreprogramming

Stochasticvariation in gene 
expression and DNAm

Maternaladversity

Mitotic inheritance

Disease
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Mechanisticmodellingof epigeneticreprogramming
o InteractionbetweenTF and DNAm
o Allowingfor environmentaleffects



o Different means
o Same variance

o Different means
o Reduced

variance



Empiricalpattern of DNA methylationin the 
Dutch Hunger Winter Cohortsuggestthat
epigeneticselectionhas taken place



Causationmattersfor scientific, medical, 
and legal reasonsΧΦ

Richardson et al. 2014. Nature Waggoner & Uller2014. New Genet Soc



Transgenerational
epigeneticinheritance



ȱ4ÈÅÓÅlaws, taken in the largest sense, being Growth with Reproduction; 
Inheritance which is almost implied by reproduction; Variability from the 
indirect and direct action of the external conditions of life, and from use 
and disuse; a Ratio of Increase so high as to lead to a Struggle for Life, and 
as a consequence Natural Selection, entailing Divergence of Character and 
the Extinction of less-ÉÍÐÒÏÖÅÄ ÆÏÒÍÓȢȱ

Darwin 1859
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Ȱ7Å have come to look upon the problem of heredity as identical with the 
problem of ÄÅÖÅÌÏÐÍÅÎÔȢȱ

Morgan 1910. Am Nat

Ȱ(ÅÒÅÄÉÔÙ ÉÓ ÎÏÔ Á ÐÅÃÕÌÉÁÒ ÏÒ ÕÎÉÑÕÅ ÐÒÉÎÃÉÐÌÅ ÆÏÒ ÉÔ ÉÓ ÏÎÌÙ ÓÉÍÉÌÁÒÉÔÙ ÏÆ 
ÇÒÏ×ÔÈ ÁÎÄ ÄÉÆÆÅÒÅÎÔÉÁÔÉÏÎ ÉÎ ÓÕÃÃÅÓÓÉÖÅ ÇÅÎÅÒÁÔÉÏÎÓȣȢ 4ÈÅ ÃÁÕÓÅÓ ÏÆ 
heredity are thus reduced to the causes of successive differentiation of 
development, and the mechanisms of heredity are merely the mechanisms 
ÏÆ ÄÉÆÆÅÒÅÎÔÉÁÔÉÏÎȢȱ

Conklin 1908. Science



ȰȣȢ×Å ÍÁÙ ÓÁÙ ÔÈÁÔ Á ÐÁÒÔÉÃÕÌÁÒ ÆÁÃÔÏÒ ɉÐɊ ÉÓ ÔÈÅ ÃÁÕÓÅ ÏÆ ÐÉÎË ɍÅÙÅ colour], 
for we use cause here in the sense in which science always uses this 
expression, namely, to mean that a particular system differs from another 
ÓÙÓÔÅÍ ÏÎÌÙ ÉÎ ÏÎÅ ÓÐÅÃÉÁÌ ÆÁÃÔÏÒȣȢ !ÌÔÈÏÕÇÈ -ÅÎÄÅÌȭÓ ÌÁ× ÄÏÅÓ ÎÏÔ ÅØÐÌÁÉÎ 
the phenomena of development, and does not pretend to explain them, it 
stands as a scientific explanation of heredity, because it fulfils all of the 
ÒÅÑÕÉÒÅÍÅÎÔÓ ÏÆ ÁÎÙ ÃÁÕÓÁÌ ÅØÐÌÁÎÁÔÉÏÎȢȱ

Morgan et al. 1915. The mechanisms of Mendelian heredity

Calvin Bridges in the Fly Room, ca 1926

T.H. Morgan
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ÁDNA methylation

ÁHistone modification

ÁMicroRNA action

http://knowingneurons.com/2013/06/13/your -brain-on-epigenetics/

Á9ǇƛƎŜƴŜǘƛŎ άƳŀǊƪǎέ ǳǎǳŀƭƭȅ ǊŜǎŜǘ ōŜǘǿŜŜƴ ƎŜƴŜǊŀǘƛƻƴǎΗ

Howdo epigeneticmechanismsfit?



Transgenerational epigenetic inheritance

Limited scope in mammals: double resettingÁ

Heard & Martiensson 2014. Cell



Intergenerational 

(e.g. parental effects)

Transgenerational 

Between-generationepigenetic inheritance

Resistance against
resetting, 
partial resetting,
incomplete resetting

Heard & Martiensson 2014. Cell



Methylationcanescapereprogrammingin the primordialgermcells

Hackett et al. 2013. Science



Directional trans-generational plasticity in mice

Dias & Ressler2014. Nat Neurosci



Dias & Ressler2014. Nat Neurosci

Directional trans-generational plasticity in mice

Offspringof malemiceexposedto 
acetophenonehaveheightened
sensitivityand largerglomeruliin 
the correspondingolfactorybulb



Dias & Ressler2014. Nat Neurosci



Summary
Å Odour fear conditioning results in 

anatomical, epigenetic, and 
behavioural responses in F1 and F2

Å These changes are specific and 
targeted such that responses to 
(grand)paternally conditioned 
odour are heightened

Å The mechanisms are accompanied 
by epigenetic modification of an 
olfactory receptor, which is passed 
on through sperm

Dias & Ressler2014. Nat Neurosci



Transgenerational epigenetic inheritance

More likely in plants: less extensive resetting

Epigenetic states inherited 10s of generations

Á

Á

Johannes et al. 2009. PLoS Genet; Cortijo et al. 2014. Science



Cortijoet al. 2014. Science

Stable epigenetic inheritance in Arabidopsis

QTL mappingand percent
varianceexplainedin 
floweringtime (left) and 
root length(right)


