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Epigenetic information

Not coded for in the DNA (not genetic)
Propagated through cell divisions (heritable)

DNA methylation (5mGC, 5hmC)
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Mouse development - an epigenetic perspective
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Preimplantation development

Totipotency Pluripotency

LB N N _§ N & & N B N § & & N § § §R &R _§ 0§ § § 0§ §N )] ------*

Zygote Blastocyst ES cells

®0e S @

Maternal factors — Embryonic expression
Cleavage division _: Cell division

No self-renewal s——— Self-renewal possible
Intrinsic regulation .--’—- Responsive to external signals
X inactivation s~ X reactivation

Transcriptional networks ﬁ Epigenetic reqgulation

Surani, Hayashi and Hajkova,2007



Epigenetics of early development - overview
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replacement of protamines DNA demethylation DNA demethylation Xi reactivation
with histones (active) (passive) (ICM, female embryos)

removal of some histone variants (paternal genome)
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Phase I
Zygotic epigenetic factory

Protamine to histone exchange

DNA demethylation & chromatin assymetry of
parental genomes




Schematic representation of pronuclear stages
In mouse zygote
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Remodelling sperm genome

Removal of protamines

Deposition of new histones.... Histone chaperones (Hira)



Histone variants:

Incorporated into chromatin outside S phase

Nucleosome “bead”

-Contain introns, UTRs e

*QOutside the the “histone cluster” in the genome

Histones Fearures
Archazal hiseones | Anceseral hiseone fold proweins wichout wails found in singlvwrapped
eerramenc unic that compnse nucleosome parcicles.
H2A HIE Cananical core histones encoded by eplicavion-conpled genes.
H2AZ H2 A variant found in nearky all eukaryotes that has a diverged
se f-inee racoon d crmain.
macroH2 A Verebrame-specihe H2A variane wich a C-eerminal globular domain
Enriched on the mammalian inaceive X~hromosome.
H2A-Ebd Vermebraw -specihc H2A variane thac is widely distnbuesd. Belauvely
deficient on the inaceive X-chromosome.
H2AX H2A form with an SO[E/TY] @ (8 = hydroph obic) C-eerminal mocit chae
becomes serine phosphorvlated ac siess of double-seranded breaks.
H3, H4 Canonical core histones encoded by eplicavion-conpled genes.
TH33 (H3i.2 in H3 vanant thae replaces H3 and differs at posidon 31 and ac 2 fw residues
plants) on helix 2 chae allow deposicion oueside of replication.
N Packaging Core and linker hiseone vananes adapeed for tighe packaging of DA in
histones sperm and pollen in some organisms.

Henikoff and Ahmad, 2005



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

Torres-Padilla et al, 2006




Histone based epigenetic inheritance?

5-15% of histones retained in mature spermatozoa

Presence of canonical histones and testes specific histone variants

Histones retained over promoters of some developmentally regulated genes

Potential for inheritance of epigenetic marks (do these histones persist
through zygotic reprogramming?)

(Bradley Cairn’s lab — Nature 2009
A.Peter’s lab — Nat Struct Mol Biol 2010)



Phase I
Zygotic epigenetic factory

Protamine to histone exchange

DNA demethylation & chromatin asymmetry of
parental genomes




Schematic representation of pronuclear stages
In mouse zygote
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Kinetics of DNA demethylation in mouse zygote
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Zygotic reprogramming : DNA demethylation

Barton et a/, 2001




Zygotic DNA demethylation - pronuclear transplantation experiments

Barton et al, 2001
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Zygotic reprogramming - chromatin assymmetry
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What is the importance of the zygotic DNA
demethylation?

Species specific differences (mouse, bovine, human X sheep, rabbit)

Aberrant (does not occur) in ROST (development
proceeds normally till blastocyst)



What about the maternal genome?



Dynamic changes of DNA methylation in early mouse embryos

Embryo

Fertiization!
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Passive DNA demethylation of maternal genome by exclusion of Dnmt1

Reik and Walter, 2001



Mechanism of DNA demethylation?



Principles of active and passive DNA demethylation

D novo methylation
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Active DNA demethylation -
models....

Direct removal of methyl group

Removal of modified base
(BER)

Removal of nucleotide(s) - NER

2'end A



Schematic representation of pronuclear stages
In mouse zygote
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Kinetics of DNA demethylation in mouse zygotes
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Activation of BER components in zygote

Hajkova et al, 2010
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Active BER in zygotes in the absence of DNA replication

APET Positive for
DAPI APET BER Markers

(8/8)
Asymmetric
Pan Histone Localisation of
DAPI Pan Histone Bound XRCC1
Pre-extracted (12/13)
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Hajkova et al, 2010



Inhibition of BER pathway perturbes DNA demethylation
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Hajkova et al, 2010



Effect of small molecule inhibitors on DNA demethylation
in mouse zygotes

Bisulphite sequencing
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Hajkova et al, 2010



5mC deamination

chemical
modification of 5mC

5mC
glycosylase

5mC glycosylase

Hajkova et al, 2010



Genetic model:

Nat Cell Biol. 2007 Jan;9(1):64-71. Epub 2006 Dec 3.
PGC7/Stella protects against DNA demethylation in early embryogenesis.

Nakamura T, Arai Y, Umehara H, Masuhara M, Kimura T, Taniguchi H, Sekimoto T, Tkawa M,
Yoneda Y, Okabe M, Tanaka S, Shiota K, Nakano T.
Department of Pathology, Graduate School of Medicine and Frontier Biosciences, Osaka
University, Osaka 565-0871, Japan. tnakano@patho.med.osaka-u.ac.jp




BER is active in both pronuclei in Stella depleted zygotes

Fl

129x129 Stella’x129

Hajkova et al, 2010



Epigenetics of early development - overview
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replacement of protamines DNA demethylation DNA demethylation Xi reactivation
with histones (active) (passive) (ICM, female embryos)

removal of some histone variants (paternal genome)
(paternal genome)



Phase II
The story of ICM -

regaining pluripotency




Re-activation of Xi in the cells of ICM
(female embryos)

Morula Blastocyst
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Heterochromatin marks of Xi in female pre-implantation embryos
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Re-activation of Xi in late blastocyst
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Mouse development Re-activation of Xi
| Erasure of polycomb marks

blastocyst | Maintenance of DNA methylation

extraembryonic
ectoderm

DNA demethylation

Maintenance of some
chromatin marks

E 10.5-115
Mature gametes




Environmental factors affecting epigenetic processes in early embryos

Effect of culture conditions/ medium composition on genomic
Imprinting

Effect of small molecule compounds on DNA demethylation in zygote

Effect of manipulation or use of immature/defective gametes
(abnormal zygotic DNA demethylation in ROSI generated zygotes)
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