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Principles of epigenetics
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Where it all begins

iPSCs
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How?
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Epigenetic reprogramming: possibility to be transcribed
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Waddington’s epigenetic landscape
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Epigenetics during early development in mice
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Epigenetics
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Epigenetic regulation

- accessibility of genes in a heritable fashion

- modification of chromatin

- DNA methylation 

(repetitive DNA, imprinting, X inactivation)

- histone modifications or 

use of special histone variants

- association of ATP-dependent 

complexes (polycomb/tritorax proteins)

- association with non-coding RNAs
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DNA (CpG) methylation in mammals 

Distribution of CpG methylation
1. At global level, 80% of CpGs are methylated. 
2. CpG islands frequent near promoters
3. Unclear how the methylation enzymes know what sequences to methylate

Biological significances of CpG methylation
1. Gene regulation, silencing (cell identity, genomic imprinting, cancer) 
2. Suppression of retrotransposons (genome stability)
3. Chromosome organization (chromosome stability)

Methylation

Demethylation
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DNA methyltransferases
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DNA methylation and DNA demethylation
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DNA methylation and DNA demethylation
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DNA methylation and DNA demethylation

TET: ten-eleven translocation enzymes

TGD: thymide DNA glycosylase 

BER: base excision repair
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Histone modifications
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Functional significances of histone modifications 
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Enzymes regulating histone modifications
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Euchromatin and Heterochromatin

Euchromatin
Gene expression

Heterochromatin
Gene silencing 
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Epigenetic control is critical to control differentiation

Undifferentiated cell Differentiated cell

Euchromatin                  Large region Small region                          
Heterochromatin Small region                                    Large region
DNA methylation            Low                                                 High

Differentiation 

Dedifferentiation
(Reprogramming)
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Epigenetics:

X Chr inactivation



Chuva de Sousa Lopes 20

What determines sex?

A) Genetics (sex chromosomes) 

- birds: female – ZW; male – ZZ

- mammals: female – XX; male – XY

B)  Environmental variables (temperature)

- turtles an crocodiles

C)  Social variables (relative size)

- tropical clown fish – males can become females

- blue wrasse fish - females can become males
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What determines sex?
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Dosage compensation to equalize X-linked expression

Ercan, J Genomics, 2015

AA

AA

AA
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Epigenetic regulation of the X chromosome

Sequence of events:

- XIST (and TSIX)

- Ezh2 polycomb (PRC2)

- H3K27me3

- Histone variants (macroH2A)

- DNA methylation
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X-inactivation center

Peters, Yang& Brown, SCDB, 2016
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Epigenetic regulation – X chromosome inactivation

fast

mESC?

slow

Geens and Chuva de Sousa Lopes, HRU, 2017
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Epigenetic regulation – X chromosome inactivation

Geens and Chuva de Sousa Lopes, HRU, 2017
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Dosage compensation to equalize X-linked expression

mES cells

XX active

Differentiation

Random Xi

Recapitulating 

embryogenesis
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X-inactivation: order of events?

Initiation

-sensing

-counting

-choosing

Silencing

-upregulation XIST

-spreading

Maintenance

XIST-dependent:

-Random

-Imprinted

Jeon et al, COGD, 2012
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Dosage compensation to equalize X-linked expression
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Dosage compensation: XCI-escaping genes (3% vs 15%)

Pseudoautosomal region X_Y gene pairs

Beliott et al, Nature, 2014

PAR2
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Parental genomes are not equally transcribed

Xm Y

Xm Xp

XmXm – not viable

XpXp – not viable (hydatidiform moles in human)

XpY - not viable (hydatidiform moles in human)

Xm0 – viable - Turner syndrome

Xp0 – not viable 

XmXmY- Xm refractory to XCI in placenta - Klinefelter syndrome

XmXmXp- Xm refractory to XCI in placenta - Triple X syndrome

XmXpXp - not viable (hydatidiform moles in human)

XmXpY - not viable (hydatidiform moles in human)
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X chr in different mammals
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Epigenetics:

Genomic imprinting



Chuva de Sousa Lopes 34

Parental genome is not equal: genomic imprinting

“Battle of the sexes”:

Maternal imprints: smaller placenta

Paternal imprints: smaller embryo
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Genomic imprinting: distinguishes female and male 

gametes 

Different manner of
establishing imprinting 
in each sex 

mESC?

hESC?

Placenta?
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Examples of erasure of imprinted genes in PGCs
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Imprinted genes widely distributed to the genome
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Imprinted control region: paternally and maternally 

expressed genes

Imprint erasure?
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Global levels of DNA methylation

Smallwood and Kelsey, TIGS, 2012
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- Somatic

- Germ line

- Extraembr tissues

(placenta, amnion, etc)
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Somatic cells? 

Cotton, HG, 2011
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Placenta? 

Turner syndrome:

XpO

XmO = 90% births
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Placenta? 

Plos One 5:e10947, 2010
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Germ cells? 

Saitou&Yamaji, CSHP, 2012

- X chromosome reactivation

- DNA demethylation

- Imprint erasure

- Histone modifications

- Histone variants (gH2A, H3.3)

E8.5-E12.5

XX to male: X reactivation in spermatogenesis is lethal

XY to female: may work more easily (cases of oocytes)



Genomic imprinting – same sex couples offspring
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MII oocyte 1PN
Parthenogenetic

haploid ESCmom1

mom2



Genomic imprinting – same sex couples offspring
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MII oocyte Enucleated oocyte
Androgenetic

haploid ESC

dad1

dad2

Die E8.5
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Learning objectives: 

- What is epigenetics?

- What is X inactivation?

- What is imprinting?

- How epigenetics is species-specific/time-specific/tissue-specific


