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Genomic imprinting beyond DNA

methylation: a role for maternal histones
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Abstract
Inheritance of DNA methylation states from gametes

determines genomic imprinting in mammals. A new

study shows that repressive chromatin in oocytes can

also confer imprinting.

Introduction

Genomic imprinting is an epigenetic phenomenon that

allows monoallelic expression of a subset of genes

dependent on parental origin and is canonically

regulated by DNA methylation. In a recent study, Inoue

and colleagues [1] showed that genomic imprinting is

also mediated by an oocyte-specific epigenetic mark: the

repressive modification of histone tails.

Early embryo manipulation experiments [2], in which

embryos were generated with two maternal (partheno-

genetic or gynogenetic) or paternal (androgenetic)

genomes rather than having biparental contributions
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strains; allelic states could thereby be distinguished by
aligning sequencing data to genetic variants that corre-



paternal DHSs, and then selected those that also showed
inherited maternal H3K27me3 methylation. A subset of
these genes exhibited paternal allele-biased gene expres-
sion. To test whether erasure of maternal H3K27me3
could 'reactivate' gene expression, the H3K27 demethy-
lase KDM6B was injected into parthenogenetic embryos
and, notably, both gene expression and DNase sensitivity
at several of these genes was increased. This was
replicated in hybrid embryos, in which the paternal allele
bias of gene expression and chromatin accessibility of
these genes was reduced. Together, these findings
suggest that maternally inherited H3K27me3 represses
gene expression of the maternal allele at several genomic
loci. It also raises the question of whether this state is
propagated further into development, such as is seen
with imprinted DNA methylation.

Persistence of allelic states occurs preferentially in
extra-embryonic tissues
Many genes are specifically imprinted in extra-
embryonic tissues [7]. In mouse, embryonic H3K27me3
is known to maintain the imprinting of genes not dir-
ectly regulated by differential DNA methylation [8].
Therefore, the authors evaluated allelic expression of
known non-canonically imprinted genes and the novel
candidate genes in blastocysts and extra-embryonic
lineages through embryo development up to E9.5. In
summary, ~67–80% of assayable candidate genes had
paternally biased expression in the blastocyst but, by
E9.5, only five non-canonically imprinted genes main-
tained paternal-specific expression, specifically in the
extra-embryonic tissues. These findings provide import-
ant evidence of transient imprinting of several loci in the
blastocyst-stage embryo that is mediated by the
maternal-repressive histone modification H3K27me3.
While only a subset of these domains will be propagated
into later development, these results nevertheless
highlight that genomic imprinting is more pervasive in
extra-embryonic tissues.

Perspectives and open questions
The results of this study suggest there a predominantly
transient effect of maternal H3K27me3 at non-
canonically imprinted domains during early embryogen-
esis because these loci are reprogrammed in the
embryonic lineages. Furthermore, for the most part,
these loci appear to gradually lose alleleic H3K27 tri-
methylation in extra-embryonic lineages during post-
implantation development (Fig. 1b). Importantly, this
form of non-canonical imprinting may be functionally
significant, because oocyte-specific deletion of EZH2, an
H3K27 methyltransferase, severely restricts fetal growth; it
is proposed that this is attributed to aberrant placental
function [9], and is reminiscent of the growth phenotypes
observed with loss of imprinting at several canonically
imprinted domains [2].

Interestingly, the transient regulation of gene expres-
sion by non-canonical imprinting might also be a
mechanism for establishing secondary imprinted DMRs.
Secondary imprinted regions are those that show
parental-specific DNA methylation, but which are not
inherited from the germline. Therefore, the parental bias
in methylation between these alleles is established some-
time during embryonic development. Duffie et al. [10]
characterised the
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