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Epigenetic reprogramming cycles during development
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Characterisation of chromatin features in the first cell cycle

Chromatin organisation in mammalian gametes
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Dynamic epigenetic changes typify the first cell cycle
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Heterochromatin Protein 13- HP13:
the marker of choice for constitutive heterochromatin

Relative abundance of HP1B

Heterochromatin Protein 13- HP18
present in both maternal and paternal chromatin
concentrates in the perinucleolar rings.

HP1B /H3K9me1 HP1B /H3K9me2 HP1B /H3K9me3

Heterochromatin epigenetics in the zygote

DNA methylation

= actively removed from the male pronucleus- residual methylation is retained
in perinucleolar rings.
« female pronucleus remains highly methylated throughout the first cell-cycle.

Chromatin

Histone H3 methylation

mono-methH3-K9 (H3K9me1)
= present in both maternal and paternal chromatin.
« concentrates in the perinucleolar rings in the male pronucleus.

di-methH3-K9 (H3K9me2)
= absent from the male chromatin until post-replication.
= always present in the female pronucleus and concentrating in the
perinucleolar rings.

tri-methH3-K9 (H3K9me3)

= always absent from the male chromatin.
= always present in the female pronucleus in the perinucleolar rings.




Chromatin organisation in somatic interphase nuclei
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Chromatin organisation in somatic interphase nuclei
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Anaphase Il Telophase |1 Cytokinesis.




Decondensation

PNO

major satellites
coalesce in the
center (red),
minor (green)
cluster to ~10
dots around the
major satellites

organisation
resembles the
chromocenters
found in somatic
cells (arrow)

PN1

chromatin
decondensing
starting from the
periphery while major
satellites still
coalescent and
organised together
with the surrounding
minor satellites

major satellites
organised around
NPBs (nucleolar
precursor bodies,
arrow), a few
chromocenter-like
structures persist.

PN2

minor satellites (green)
organisation looks
remarkably similar between
female and male pronuclei

PN3

major satellites organisation (red) in
the male pronucleus has changed
considerably but still looks different
from the female

PN2

minor satellites (green)
organisation looks
remarkably similar between
female and male pronuclei

PN3

major satellites organisation (red) in
the male pronucleus has changed
considerably but still looks different
from the female




3D- reconstruction

minor satellites are
nestled into the
spaces provided by
the major around
the central NPB in
the female but
appear in another
layer effectively on
top of these
structures in the
male

PN3

Comparing the organisation of centromeric satellites between a
fertilised oocyte and a somatic cell highlights the differences

Fertilised oocyte

Mouse fibroblast

3D- reconstruction

Post-replication

clear arrangement of
major satellites in
discontinuous rings,
interspaced by minor
satellites, now apparently
in both female and male
pronuclei

single optical slices




Heterochromatin - Immuno-FISH

single optical slices

o
LA y major satellites remain predominantly organised as rings
b around NPBs but a few pro-chromocenter structures are
2-cell already visible at this stage (arrows)
2-cell (48 hphCG)- DAPI Major satellites- red

Minor satellites- green

Z-projection of 18 optical slices

‘ Heterochromatin - Immuno-FISH

HP1ji- green/ HP1ji- grean/
o 2-gall {48 hphCG)- DAPI major sat- red H3KEmad- rad
a
2-cell
Simultaneous staining for HP1, H3K9me3 and . B[, W b

major satellite repeats. While HP1B and
H3K9me3 substantially co-localise (a, b’, ¢’, d,),
some HP1 foci do not correspond to major
satellite repeats ().




by the end of the third cell cycle all satellites are organised
in pro-chromocenters (with no visible rings around nucleoli)

4-cell 8-cell blastocyst

What's special about a one-cell embryo?

the embryo rules...are not yet in place?

What about cell lineages?

Blastocyst

major satellite- red
DAPI




Acknowledgements

Fatima Santos

Wendy Dean The Babraham Institute, Cambridge, UK

Wolf Reik

Aline Probst CNRS/]
Geneviéve Almouzni

Thomas Jenuwein

BBSRC - MRC




