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The Polycomb repressive system functions through chro-
matin to regulate gene expression and development. In
this issue ofGenes&Development, Cohen and colleagues
(pp. 354–366) use the developing mouse epidermis as a
model system to show that the two central Polycomb re-
pressive complexes, PRC1 and PRC2, have autonomous
yet overlapping functions in repressing Polycomb target
genes. They show that this cooperation enables the stable
repression of nonepidermal transcription factors that
would otherwise compromise epidermal cell identity
and disrupt normal skin development.

The Polycomb repressive system post-translationally
modifies histones in chromatin to repress transcription
and is essential for controlling gene expression during de-
velopment. This relies on Polycomb repressive complex 1
(PRC1), whichmonoubiquitylates histone H2A, and Poly-
comb repressive complex 2 (PRC2), whichmethylates his-
tone H3 at lysine 27 (Schuettengruber et al. 2017).
Biochemical studies have shown that the activities of
PRC1 and PRC2 are coupled through their capacity to rec-
ognize each other’s histone modifications, enabling the
convergence of these complexes on a shared set of target
gene promoters (Fig. 1A, top panel) (Blackledge et al.
2015). Based on this, it has been widely proposed that
the feedback mechanisms that link PRC1 and PRC2
may define how the Polycomb system represses gene ex-
pression. However, in the context of development, where
Polycomb system function is critical, it remains unclear
to what extent coupling between PRC1 and PRC2 under-
pins Polycomb-dependent gene regulation.
Cohen et al. (2021) tackle this important point using

mouse genetics and the developing epidermis as a model
system. Through an elegant series of perturbation experi-
ments using embryonic epidermal progenitor cells, they
removed PRC1 and PRC2, individually or in combination,
and then examined the resulting effects on skin develop-

ment. The investigators found that ablation of PRC1 or
PRC2 individually had only minor effects on the develop-
ing epidermis. However, in contrast to these mild pheno-
types, the combined removal of both PRC1 and PRC2
caused catastrophic defects in epidermis differentiation,
suggesting that these complexes may have overlapping
roles in skin development.
To explore themolecular explanation for these develop-

mental phenotypes, Cohen et al. (2021) then examined
gene expression in embryonic epidermal stem cells
(EpSCs). In agreement with the observed developmental
phenotypes, ablationofPRC1orPRC2 individually caused
a modest derepression of Polycomb target genes (∼1300
genes for PRC1 and ∼500 for PRC2), a proportion of which
overlapped. However, when both PRC1 and PRC2were re-
moved in combination,∼2500 geneswere significantly de-
repressed.Therefore, if oneof the twoPolycomb repressive
complexes is removed, the remaining complex appears to
retain some capacity to repress transcription. Importantly,
these findings are consistentwith previouswork inmouse
embryonic stem cell culture in which complete derepres-
sion of Polycomb target genes only manifested when
both PRC1 and PRC2 were removed (Leeb et al. 2010;
King et al. 2018). Together, these observations show that
PRC1 and PRC2 must have autonomous yet overlapping
functions in repressing target genes despite their biochem-
ical coupling on chromatin (Fig. 1A). Furthermore, it sug-
gests that they can also use independent mechanisms to
achieve target gene identification.
The Polycomb repressive system has previously been

shown to maintain the silent state of developmental tran-
scription factors in tissues where they should not be ex-
pressed (Schuettengruber et al. 2017). It is often
suggested that elevated expression of these factors in the
absence of Polycomb repression would drive alternative
gene expression programs and perturb cell identity (Leeb
et al. 2010; Perdigoto et al. 2016). However, evidence
directly supporting this inmammals is sparse. Interesting-
ly, within the genes that showed increased expression fol-
lowing removal of both PRC1 and PRC2, Cohen et al.
(2021) found ∼300 nonepidermal transcription factors
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(TFs). Amongst these TFs, the investigators identified 19
that had consensus binding motifs that were enriched at
epidermal gene promoters and other putative regulatory
elements. Importantly, Cohen et al. (2021) then showed
that ectopic expression of different combinations of these
TFs in EpSCs was sufficient to suppress the expression of
essential epidermal genes. This was consistent with the
reduced expression of these genes after PRC1 and PRC2
removal, strongly suggesting that inappropriate expres-
sion of nonepidermal transcription factors underpins the
developmental phenotypes observed following perturba-
tion of the Polycomb system (Fig. 1B). Interestingly, a re-
cent study examining maintenance of cell fate in the
adult mouse intestine also found that disruption of the
Polycomb system caused inappropriate expression of a
number of normally silenced TFs, and showed that this
leads to the re-emergence of an embryonic intestine tran-
scriptional program (Jadhav et al. 2019). Together, these
findings provide formal evidence in mammals that the
Polycomb system plays an important role in safeguarding
cell identity by protecting against inappropriate expres-
sion of developmental TFs in cell types where they should
not be expressed.

Importantly, the discoveries by Cohen et al. (2021) re-
inforce at least two emerging themes in Polycomb-depen-
dent gene regulation. First, they highlight that PRC1 and
PRC2 must have independent mechanisms to identify
target genes that do not intrinsically rely on molecular
coupling and recognition of each other’s histone modifi-
cations. In agreement with this, several distinct PRC1
and PRC2 complexes have recently been shown to in-
clude auxiliary proteins with inherent DNA-binding ac-
tivities that support autonomous binding to Polycomb
target genes (Blackledge et al. 2015; Hauri et al. 2016;
Laugesen et al. 2019; van Mierlo et al. 2019). Building
on this work, in future studies it will be important to fur-
ther define the molecular logic that enables PRC1 and

PRC2 to select their appropriate target genes in specific
cell types. Second, Cohen et al. (2021) provide further ev-
idence that PRC1 and PRC2 must have the capacity to
repress transcription through distinct mechanisms, de-
spite their molecular coupling on chromatin, as other-
wise, removing either complex would yield the same
effects on gene expression. A central challenge for future
studies remains to understand the detailed molecular
mechanisms through which each Polycomb complex
counteracts the process of transcription to enable gene
repression.

Based on the emerging view that Polycomb complexes
have independent yet overlapping roles in repressing
target genes, this then raises the important question
of what molecular coupling between PRC1 and PRC2
contributes to gene regulation. One possibility is that
this additional layer of coupling could enable synergy
between the complexes, and as a result provide further
robustness in supporting Polycomb-mediated gene re-
pression. This may be particularly important over devel-
opmental time scales where gene expression patterns
must be maintained to protect cell identity. To examine
these possibilities, future work will be required to dissect
how development and gene expression are affected when
the molecular coupling between PRC1 and PRC2 is dis-
rupted in a manner that does not influence their auton-
omous functions. Inevitably, the elegant approaches
used by Cohen et al. (2021) will be central to answering
these fundamental questions about Polycomb system
function.

Acknowledgments

We thank Emilia Dimitrova and Nadya Fursova for critical read-
ing of this manuscript. Work in the Klose laboratory is supported
by the Wellcome Trust (209400/Z/17/Z) and the European Re-
search Council (681440).

A

B

Figure 1. PRC1 and PRC2 can indepen-
dently repress gene expression yet cooperate
to maintain epidermal gene expression pat-
terns and cellular identity. (A, top panel)
Coupling between PRC1 and PRC2 through
their capacity to recognize each other’s
histone modifications is associated with
Polycomb-mediated gene repression. How-
ever, Cohen et al. (2021) show that at many
genes, both PRC1 (bottom left panel) and
PRC2 (bottom middle panel) are able to
act independently to partially maintain
gene repression. (Bottom right panel) Full
derepression is only achieved when both
PRC1 and PRC2 are ablated. (B) In wild-
typeEpSCs,PRC1andPRC2act tomaintain
the repressed state of nonepidermal tran-
scription factors, thereby protecting the epi-
dermal transcriptional program. However,
in the absence of PRC1 and PRC2, misex-
pression of nonepidermal TFs suppresses
the expression of essential epidermal genes.
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