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All female mammals have
one of their two X chromo-

somes randomly
inactivated in
every somatic cell
to ensure that X-
linked gene dosage
is equal in males

and females. X chromosome
inactivation occurs during early

development of female embryos, in
a process that is thought to be tightly
linked to early differentiation events.
New work by Edith Heard and col-
leagues recently published in Science
shows that X-chromosome inactiva-
tion occurs earlier than previously
indicated and highlights the surprising
lability of X-chromosome inactivation
in female mouse embryos.

Previous work indicated that
female embryos undergo three waves

of X-chromosome inactivation, which
correlate with the three earliest differ-
entiation steps. The first two lineages
to differentiate are the trophectoderm
and the primitive endoderm, which
give rise to extra-embryonic lineages.
Normally, the paternal X chromosome
(Xp) is inactivated in these two lin-
eages. This occurs as a result of an
imprinted predisposition of Xp to
inactivate, and an imprinted resistance
of the maternal X chromosome (Xm)
to inactivate. The third wave of differ-
entiation involves epiblast cells from
the inner cell mass (ICM), where X-
chromosome inactivation is random.
Both imprinted and random inactiva-
tion of X chromosomes involve Xist, a
unique un-translated RNA that coats
the X chromosome to induce silenc-
ing. Xist is expressed from the two- to
four-cell stage onwards, with early
expression from the Xp locus only.

To further understand the kinetics
of imprinted X-chromosome inacti-
vation during early development,
Heard and colleagues used a combina-
tion of RNA fluorescence in situ
hybridization (FISH) and immuno-

fluoresence at the single-cell level to
examine Xist expression and Xp-chro-
mosome inactivation. Xp-chromo-
some inactivation can be measured by
studying the enrichment of proteins
that are involved in X-chromosome
inactivation, such as H3 histone
methylase and the polycomb proteins
Eed/Enx1, as well as through RNA
polymerase II activity, characteristic
histone modifications and nascent
transcript detection of an X-linked
gene. These studies indicate that Xp is
rapidly inactivated at the four-cell
stage.At the 32-cell stage, Xp is inacti-
vated in nearly all cells, and this is
maintained in the trophectoderm and
primitive endoderm. However, during
ICM growth, Xp inactivation is
reversed and cells rapidly lose the Xist
coating, Eed/Enx1 enrichment and
histone modifications that are charac-
teristic of the inactive state from the
Xp chromosome. Reversal of Xp inac-
tivation allows random activation
of either the maternal or paternal
X chromosome in epiblast cells fol-
lowing implantation. This indicates
the highly labile state of Xp during
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early development and shows that the
ICM is crucial for the reversal of Xp
inactivation.

Why mouse embryos show this
dynamic inactivation of Xp is unclear,
although it might be a solution to
parental genome conflict. This
remarkable flexibility of the Xp chro-
mosome during pre-implantation
development highlights the impor-
tance of the ICM in reprogramming
epigenetic marks in early embryonic
development.
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