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¢ X Uws&alcortexmayadijustitself
duringmaturationto the nature of its
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O O Brdnch of biology which studies the
causal interactions between genes and
their products which bring the phenotype
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Sowhat do theepigeneticmodificationsdo?

Acetylation
Methylation

Phosphorylation

Chromatin

it DNA methylation

B

Gene “switched on™

« Active (open) chromatin

« Unmethylated cytosines
(white circles)

« Acetylated histones

Transcription possible

Gene “switched off”
« Silent (condensed) chromatin
« Methylated cytosines
(red circles)
« Deacetylated histones

Transcription impeded

http://pt.slideshare.net/SushmaMarla/dnanethylation



\ /f(/\% chromatin

y protein of interest (p53)

.-
.)/

bt ind ~hraratio }\ antibody “selects”
e St fragments with p53

——l

purified
DNA fragments sl
sequenced
= e fragments
— _— get mapped
—— 4 A to genome 3

genomic DNA

binding sites map

CharacterizingpistoneDNA
interactions
o -ChlIPSeq



CharacterizindpNAmethylation¢ bisulfite sequencing
o0 WholeGenomeBisulfiteSequencing

0 ReducedRepresentatiorBisulfiteSequencing

o BisulfiteRADseq
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Object z ask questions about its properties
Tool z use it to improve performance on a task

Scaffoldz use it to get a different vantage point




Differencesn DNAmethylationpatternsin vertebratesandinvertebrates
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Developmentaplasticity




Females

Males

cypl9amethylationand sex determination iseabass
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Methylation maydrive
castedifferentiationin
antsX @
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The BarkeHypothesis

¢ w S Gigdjhgssuggesthat humanfetusesadaptto alimited supplyof
nutrientsand indoingso permanentlychangetheir physiologyand

metabolims Theseéprogrammed changesnaybe theoriginsof disease

in laterlife, includingcoronaryheart diseaseand theralateddisorders
AUNR1SE RAFOSUSAT FYR KeLISNIUSYyaAzyé



Low-fat  High-fat Low-fat
. !" 1/ o’ .*,/ -
> Vs -
| |
Pre-pregnancy, pregnancy, and lactation e ->
Maternal olitcornes Wean offspring onto low-fat diet. A i
x Y
= £ Body weight
2 2 Neuroinflammation
@ =) 3 Behavior
() -
) £
LFD HFD LFDHFD LFD HFD
B Body weight  Leptin Hippocampal IL-1(3 C High-fat diet
,‘7 o3 oo PRI SO NS o 4:_“ . = .‘-'b,.,":y-”)
- A A T £y vy T.‘E}.‘:,} 4?{5\?}:;-;%‘5-; Y
p s TN S Y
g 8 §_ P o ,‘<
Adult E -§ = ¥
offspring @ = g
outcomes o &
LFD HFD LFD HFD LFD HFD LFD HFD f,
. =
" Anxiety =
€ Sl ol ¢
© =)
Elevated o g
plus maze 3 s
c =
.é 3
£ LFD HFD

Bilbo& Tsang2010



These Two Mice are Genetically Identical and the Same Age

While pregnant, both of their mothers were fed
Bisphenol A (BPA) but DIFFERENT DIETS:

The mother of this mouse

received a normal mouse
diet

The mother of this mouse

received a diet supplemented
with choline, folic acid,

betaine and vitamin B12
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The Dutch Hunger Winteohort
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Average within pair DNA
methylation difference (%)
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Adaptiveplasticity

Maternaladversity
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Epigeneticreprogrammingn mammalsg twice

Post-fertilization reprogramming Germline reprogramming
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Heard &Martiensson2014. Cell



Adaptiveplasticity Epigeneticselection
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Mechanisticomodellingof epigeneticreprogramming

0 InteractionbetweenTF andDNAM
o Allowingfor environmentaleffects
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A selection scenario: 50% survival B selection scenario: 100% survival
A
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exposure: preconception

Empiricalpattern of DNAmethylationin the
Dutch Hunger Winte€Cohortsuggesthat
epigeneticselectionhas takemlace
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Causatiomattersfor scientific medical
and legaleasonX ®
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Don’t blame P e
the mothers

Careless discussion of epigenetic research on how
early life affects health across generations could harm
women, warn Sarah S. Richardson and colleagues.

Richardson et al. 2014. Nature Waggoner &Uller2014. New Geneboc
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0 4 E fwWsAtaken 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
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heredity are thus reduced to the causes of successive differentiation of

development, and the mechanisms of heredity are merely the mechanisms
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Conklin 1908. Science

O 7 Bave come to look upon the problem of heredity as identical with the
problemofAAOAT T BI AT 086

Morgan 1910. Am Nat
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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
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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
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Morgan et al. 1915. The mechanisms of Mendelian heredity
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Howdo epigeneticmechanismdit?

A DNA methylation

A Histone modification

A MicroRNA action
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DNA METHYLATION

Transgenerationaépigenetic inheritance
A Limited scope in mammals: double resetting

Post-fertilization reprogramming Germline reprogramming

Imprint maintenance _
Maintenance at some IAP
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Heard & Martiensson 2014. Ce



Betweengenerationepigenetic inheritance

Intergenerational

Trangyenerational

Resistance against
resetting,

partial resetting,
Incomplete resetting

Stochastic event,
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Methylationcanescapeaeprogrammingn the primordialgermcells

Hackett et al. 2013. Scienc



Directional transgenerational plasticity in mice

Sper _cell

Dias &Ressler2014. NatNeurosci



Directional transgenerational plasticity in mice
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Transgenerationaépigenetic inheritance

A More likely in plants: less extensive resetting

B

Mother cell
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Stable epigenetiénheritance in Arabidopsis

QTLmappingand percent
varianceexplainedin
floweringtime (left) and
root length (right)

Cortijoet al. 2014. Science



