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Schematic representation of pronuclear stages
in mouse zygote
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Kinetics of DNA demethylation in mouse zygote

Santos and Dean, 2004
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Principles of active and passive DNA demethylation

Reik and Walter, 2001



Barton et al, 2001

Zygotic reprogramming : DNA demethylation
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Zygotic DNA demethylation – pronuclear transplantation experiments

5mC
DAPI

template activityor

Regulation of 

epigenetic reprogramming

Chromatin template Presence of (de)modification

enzymes



DNA methylation

Chromatin structure

Histone modifications
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Me2K9 Me2K9HP1β HP1βMe2K9

Arney et al, 2002, Erhardt et al, 2003

Zygotic reprogramming – chromatin assymmetry

Me3K27

Similarity between chromatin configuration during the 
reprogramming in the zygote and the early germ line



Phase I

Zygotic epigenetic factory

DNA demethylation

Protamine to histone exchange

Histone variants:

Henikoff and Ahmad, 2005

•Incorporated into chromatin outside S phase

•Contain introns, UTRs

•Outside the the “histone cluster” in the genome

Torres-Padilla et al, 2006

Assymmetric distribution of histone variant H3.3 in zygotes
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Protamines in the paternal genome are replaced by H3.3



Dynamic changes of DNA methylation in early mouse embryos

Reik and Walter, 2001

Passive DNA demethylation of maternal genome by exclusion of Dnmt1
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Xi Xa

Female somatic nucleus

Xi : Xist expression and histone H3-3meK27

Xa :  DNA methylation of Xist locus

Reprogramming X chromosomes during SCNT

Somatic cell

Xist from Xi

Xi Xa

Xi retains the histone H3-3meK27 methylation mark

Xist on Xa is activated

Preferential inactivation of Xi in 
extraembryonic tissues

H3-3meK27

Xist from Xi and Xa

Histone lysine methylation is ‘erased’ later in the epiblast cells
Bao et al 05
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The story of ICM

Morula Blastocyst
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Re-activation of Xi in the cells of ICM
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Heterochromatin marks of Xi in female pre-implantation embryos

Erhardt et al, 2003

Mak et al, 2004

EedH3K27me3 merged

Re-activation of Xi in late blastocyst
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How do epiblast cells become ES cells?

Blastocysts

Day 2 outgrowths
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Sox2 Oct4 Merge + DNA

Day 2

Day 3

Maintenance of pluripotency markers 
expression
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