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Review 

Phase separation and inheritance of repressive 
chromatin domains 
Nazli Akilli*, Thierry Cheutin and Giacomo Cavalli   

Polycomb-associated chromatin and pericentromeric 
heterochromatin form genomic domains important for the 
epigenetic regulation of gene expression. Both Polycomb 
complexes and heterochromatin factors rely on ‘read and write’ 
mechanisms, which, on their own, are not sufficient to explain 
the formation and the maintenance of these epigenetic 
domains. Microscopy has revealed that they form specific 
nuclear compartments separated from the rest of the genome. 
Recently, some subunits of these molecular machineries have 
been shown to undergo phase separation, both in vitro and in 
vivo, suggesting that phase separation might play important 
roles in the formation and the function of these two kinds of 
repressive chromatin. In this review, we will present the recent 
advances in the field of facultative and constitutive 
heterochromatin formation and maintenance through phase 
separation. 
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Introduction 
The eukaryotic genome consists of different epigenetic 
domains separated from each other in 3D in the cell 
nucleus, and maintenance of the right epigenetic land
scape through cell division is critical for homeostasis. 
Constitutive (HP1-bound H3K9me3 domains) and fa
cultative heterochromatin (Polycomb domains marked 
by H3K27me3) are two types of epigenetically inherited 

domains [4]. They repress transcription through higher- 
order chromatin compaction (Box 1) and are involved in 
epigenetic processes such as variegated gene expression  
[19] and in the maintenance of gene silencing 
throughout development and adult life [9]. Moreover, 
both Polycomb-associated chromatin and hetero
chromatin have been shown to be involved in transge
nerational (Box 1) inheritance [13,35]. As the enzymes 
that catalyze the respective histone modifications can 
read their own reaction product and are allosterically 
regulated by them, the establishment of these domains 
has been described as the result of a ‘read and write’ 
mechanism [28]. Modeling approaches however argue 
that the read and write mechanisms alone cannot be 
enough for the long-term maintenance of hetero
chromatin domains [1,2,44,50]. 

Key components of constitutive and facultative het
erochromatin have been shown to set up multivalent 
interactions and form molecular condensates (Box 1) by 
phase separation, which can affect their function. Phase 
separation is a general term that indicates the formation 
of different compartments in which certain types of 
molecules can segregate. This phenomenon can occur 
in different physical states, including liquid, solid or 
gel-like state. Both Polycomb and heterochromatin 
components were shown to form condensates that can 
drive a liquid–liquid phase separation (LLPS) process 
in vitro, offering an attractive explanation for the clus
tering of these and other molecular components into 
membraneless condensates in the nucleus (Figure 1)  
[6,42]. Phase separation of biomolecules into con
densates has been suggested to provide the cells with 
several benefits, including sensitivity to reversible in
puts (temperature, ion concentrations, concentration of 
the individual complex components), the generation of 
an isolated microenvironment, which provides reaction 
specificity and regulation of reaction kinetics. Intrinsic 
properties of the components and their interplay with 
their molecular environment create a robust system 
where dynamic regulation of biological processes can be 
achieved without compromising on specificity  
[21,60,69]. In this review, we will focus on the role of 
phase separation in chromatin-based epigenetic main
tenance and transmission and discuss how the known 
biophysical properties of these complexes can be re
levant for this process. 
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Constitutive heterochromatin 
The main hallmark of constitutive heterochromatin is 
the formation of densely packed, transcriptionally re
pressed, H3K9me3-modified chromatin domains, mainly 
including pericentromeric heterochromatin regions 
(Figure 1) [19]. Mechanistically, the proteins involved in 
the formation and the maintenance of heterochromatin 
rely on a ‘writer–reader’ system composed of Suvar39, 
which specifically trimethylates H3K9, and HP1 pro
teins, which recognize this chromatin mark. The mam
malian genome contains three HP1 paralogs: HP1α, 
HP1β and HP1γ. While the three paralogs show a high 
degree of homology, HP1α is mostly associated with 
gene silencing, HP1β plays both gene activating and 
repressive roles, and HP1γ is more often associated with 
transcription [28]. Recently, LLPS suggested a possible 
explanation for how single HP1 molecules, which bind 
to chromatin with a fast dynamics in the order of seconds  
[12,23], might promote the formation of repressive 

chromatin states that are stable for several hours [26,52]. 
Indeed, the human HP1α protein is able to form phase- 
separated droplets (Box 1), which is stimulated by either 
phosphorylation of its N-terminal extension or DNA 
binding [37]. Similar results have been reported for the 
Drosophila HP1a protein, which forms droplets in vitro 
and nucleates into foci that display liquid properties 
during heterochromatin domain formation in early Dro
sophila embryogenesis [58]. Moreover, nucleosomal ar
rays marked by H3K9me2 and H3K9me3 and associated 
HP1-containing complexes undergo phase separation to 
form macromolecule-enriched droplets [63]. Altogether, 
these works suggest that HP1 can be the driver of phase 
separation of heterochromatin into condensed structures, 
helping to keep a high local concentration of hetero
chromatin factors (Figure 2). 

The role of LLPS in heterochromatin formation appears 
to be more complex than suggested by initial works. 

Box 1 Some terms in the field, such as droplet or chromatin condensation, are often used with slightly different meaning in the literature. 
Here, we list some of the potentially confusing terms and define how they are operationally used in this review.     

Term Definition used in this paper  

Droplets Condensates formed via LLPS. 
Liquid A state of matter, characterized by the loose contact between the molecules, enabling them freely moving within 

the structure. 
Condensates A pool of biomolecules, clustered in a separated volume in the rest of the cyto-/nucleoplasm, which can be 

detected as a foci by confocal imaging. 
Chromatin compaction A conformation of the chromatin, in which the target loci of the chromatin-modifying enzymes get closer in 3D 

space, resulting in a smaller volume of the target chromatin, and fostering more confined activity of the enzymes. 
Epigenetic inheritance Transfer of epigenetic information during/after cell division. Long-term epigenetic memory. 
Transgenerational epigenetic 
inheritance 

Transfer of epigenetic information to multiple subsequent generations, at least to the F2, when assessing 
inheritance through males and to the F3, when assessing inheritance through the female germ line.    

Figure 1  
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Chromatin compartments in the 3D nucleus and simplified depiction of some of the proteins involved in the formation. Gray: constitutive 
heterochromatin, which forms large nuclear chromatin domains. Dark red: Polycomb foci. Green: transcription foci. The main proteins or protein 
complexes and their associated histone marks are depicted.   
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Each HP1 paralog has different ability to form liquid 
condensates, and it has been shown that HP1α con
densates can be readily dissolved by HP1β. The dis
ordered regions of each HP1 paralog are responsible for 
differences in DNA compaction and phase separation 
properties [32]. Moreover, different behaviors have been 
reported for HP1 and for chromatin itself since con
densed chromatin exhibits solid-like behavior, whereas 
heterochromatin proteins display liquid-like behavior 
and coalesce around the solid chromatin scaffold in vivo  
[57]. The role of LLPS in heterochromatin formation 
has also been challenged by a work, which reported that 
HP1 has only a weak capacity to form droplets in living 
cells. The authors conclude that heterochromatin foci 
resemble collapsed polymer globules that are percolated 
with the same nucleoplasmic liquid as the surrounding 
euchromatin [20]. Finally, by considering the interplay 
between the in vitro–derived LLPS properties of HP1 
and those of the viscoelastic chromatin scaffold, a recent 
work suggests that anomalously slow equilibration ki
netics results in the coexistence of multiple long-lived 
microphase-separated compartments [60]. In sum, al
though the formation of HP1 droplet in vitro is well 
understood, its role in the context of the cell nucleus is 
more difficult to address because of the complex nu
cleoplasmic composition and of its interplay with long 
chromatin fiber. 

Polycomb chromatin 
Facultative heterochromatin, or Polycomb chromatin, is 
characterized by large H3K27me3 domains in which 
Polycomb group (PcG) proteins bind discrete genomic 
elements. Two main types of Polycomb complexes are 
Polycomb Repressive complex 2 (PRC2) that specifically 
trimethylates H3K27 and Polycomb Repressive complex 1 
(PRC1), which deposits the H2AK119ub mark. These two 
classes of complexes mutually reinforce their function to 
induce chromatin compaction and robust gene silencing  
[53]. In the cell nucleus, chromatin associated to 
H3K27me3 and PcG proteins accumulates in nuclear na
nocompartments called Polycomb foci (Figure 1) [11]. Al
though PRC1 was clearly involved in the formation of 
these foci, the underlying mechanism remains unclear. 
Initial works on phase separation and Polycomb biology 
showed that CBX2 can phase separate in vitro. This ability 
can be abolished by point mutations on the intrinsically 
disordered region (IDR) of CBX2, which is also required to 
form Polycomb foci in vivo and to compact nucleosomes in 
vitro (Figure 2) [27,47,59]. During spermatogenesis, the 
CBX2 subunit of PRC1 complex forms condensates via its 
IDR, and this condensation is essential for cell differ
entiation, maintenance of Polycomb target gene repression, 
and chromatin compaction [34]. The SAM domain of Ph, 
another subunit of PRC1, is required to form Polycomb 
foci in Drosophila [64]. Although SAM domains can 

Figure 2  
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Putative effects of protein and chromatin compaction on the function and memory of epigenomic domains. (a) Left: structural domains of HP1 composed of an 
N-terminal chromodomain, a middle unstructured hinge region and a C-terminal chromoshadow domain. Middle: Depiction of condensates formed by HP1 and 
nucleosomal arrays in vitro. Right: depiction of the heterochromatin foci observed in vivo. Gray shadow around nucleosomes represents HP1 and other 
heterochromatin factors, such as Su(var)s, MeCP proteins and KAP1, that can vary in different foci. The formation of compact chromatin into a specific 
compartment can create an isolated reaction environment and enhance the efficiency of heterochromatin inheritance (Grewal et al. [37]). (b) Top right: structural 
domains of CBX2 composed of N-terminal chromodomain, unstructured region in green and a C box. In vitro, CBX2 can compact nucleosomal arrays via 
its intrinsically disordered region (IDR) which is essential for the stability of Polycomb-associated chromatin in vivo (b, left). CBX7 is a CBX homolog, which does 
not possess the IDR and is unable to compact nucleosomal arrays in vitro. In the absence of IDR, Polycomb-targeted chromatin is less compact [27,34]. 
Illustration of the organization of the corresponding proteins within chromatin has been inspired by electron microscopy images [55,61], and these 
representations should be viewed as simplified schemes.   
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oligomerize [31], truncated PH containing its SAM domain 
phase separates in vitro and is able to concentrate DNA as 
well as other PRC1 subunits from Drosophila cell nuclear 
extracts [54]. Moreover, 1,6-hexanediol, which disrupts li
quid condensates, reversibly disrupts PRC1-mediated 
clustering of Polycomb-associated chromatin in mouse 
embryonic stem cells [66]. Altogether, these works suggest 
that Polycomb foci correspond to nuclear condensates 
formed by LLPS. However, a strict demonstration that 
PcG proteins phase separate in vivo is still lacking because 
the resolution of optical microscopy prevents characteriza
tion of their internal structure, in contrast to bigger as
semblies observed in vitro. Also, recent work studying 
compaction of Polycomb chromatin at single cell level 
concluded that Polycomb domains do not mediate chro
matin compaction through LLPS; rather, they possess 
spatial feedback induced by transient long-range interac
tions [41]. 

The composition of the Polycomb machinery is not uni
form. Many different Polycomb complexes coexist in the 
nucleus, with functions that are only partially overlapping  
[53]. This seems difficult to reconcile with a simple form of 
LLPS where all the subunits would gather in the same 
condensates. Recent works focusing on individual CBX 
subunits shed light on the heterogeneity of Polycomb-as
sociated condensates. Live-cell single-molecule imaging 
indicates that CBX2 nucleates on chromatin in
dependently of H3K27me3 and other CBX2-PRC1 com
plex subunits. The formation of condensates on CBX2- 
PRC1 containing chromatin requires interactions between 
CBX2 and DNA [59]. A scaffold-client model has been 
proposed to explain the formation and the regulation of 
PRC1 condensates, where CBX2 behaves as the scaffold 
while the other PRC1 subunits are clients [8]. PRC1 
subunits are key components driving LLPS associated to 
the Polycomb machinery. PRC1 was shown to form mul
ticomponent condensates through hetero-oligomerization 
preferentially seeded at H3K27me3 marks, whereas 
H2AK119ub marks appear after condensate formation [18]. 
Since these condensates promote a chromatin compaction, 
which persists even when the condensates have been re
moved, the authors concluded that the PRC1 condensates 
function as ‘reaction hubs’, where the histone marks, rather 
than PRC1 condensates, could be the main driver of 
chromatin compaction. These data were recently extended 
by a chromatin reconstitution approach and single-mole
cule imaging, which showed that nucleosomal arrays re
duce the PRC1 concentration required to form 
condensates by 20-folds and that the CBX subunit is re
quired for condensate formation, whereas PHC subunits 
are required for their stability [43]. Furthermore, individual 
PHC and CBX subunits modulate condensate initiation, 
morphology, stability and dynamics [43], suggesting that 
different PRC1 complex forms might perform specific 
functions partly thanks to their differential ability to set up 
higher-order nuclear foci. 

Phase separation and inheritance of 
chromatin states 
During replication, histone marks are diluted at each cycle 
and need to be re-established for proper inheritance. 
Modeling studies showed that long-term epigenetic 
memory may require several ingredients. A physical model 
suggests that sustained epigenetic memory relies on (1) a 
compartmentalized nucleus, (2) spreading of the epigenetic 
marks in 3D, (3) limited concentration of read–write en
zymes that catalyze epigenetic modification [44]. Other ap
proaches also provided models that supports these three 
criteria. In addition, they suggest that epigenetic memory 
requires (4) strong enough positive feedback of reader and 
writer chromatin modifiers and (5) genomic bookmarking of 
the chromatin factors for the fidelity of the reestablishment 
of epigenetic domains [1,50]. As mentioned in the previous 
sections, several works reported that critical factors involved 
in the formation of both kind of heterochromatin undergo 
LLPS, which can serve as a versatile mechanism to provide 
these criteria. The presence of nucleosome bridges or 
chromatin domains that can create a compaction allowing 
communication with distant loci could generate the 3D 
environment required for spreading of chromatin marks in a 
particular domain (first and second criteria). The nucleation 
and condensation of chromatin factors such as HP1, HDAC, 
and Su(var)s or PRC1 and PRC2 could create an isolated 
environment enhancing robust feedback mechanisms, 
where all specifically required elements may cluster in the 
same condensates (fourth criteria). The clustering of epi
genetic factors in a condensate would then prevent the il
legitimate spreading of chromatin domains, while allowing 
the spreading of the marks specifically around the nuclea
tion sites. Preventing factors from freely diffusing out of the 
condensates would effectively increase their local con
centrations and function within their cognate chromatin 
domains. A recent study provided experimental support for 
this idea. When the IDR of Ccc1, a member of the PRC2 
complex in Cryptococcus neoformans , was mutated to prevent 
phase separation in vitro, the ectopic recruitment of PRC2 
was shown to induce the deposition of ectopic H3K27me3 
at HP1 domains [38]. This suggests that the ability of Ccc1 
to recognize H3K9me and the ectopic recruitment of Ccc1 
to HP1 domains is suppressed by the phase separation of 
Ccc1, which therefore only accumulates in Polycomb do
mains. On the other hand, it has been reported in another 
study that after excision of PREs in Drosophila, PRC2 can 
propagate the mark for a few cell divisions, but silencing is 
gradually attenuated and finally lost. H3K27me3 inheritance 
alone without local PRC2 recruitment to the PREs is not 
enough to maintain the off state a target gene, showing that 
localized activity of the Polycomb machinery is cri
tical [14,36]. 

Condensates might be dispersed upon chromosome con
densation in mitosis and meiosis, but during the critical 
phase in which they are dispersed, epigenetic inheritance 
(Box 1) could be conveyed by the transmission of histone 
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marks through cell division, as predicted by earlier works  
[48,68]. In Drosophila, maternally inherited H3K27me3 
marks a subset of the Polycomb domains in the early em
bryo and represses the illegitimate activation of enhancers 
and lineage-specific genes during development [67], high
lighting the role of H3K27me3 histone mark in inter
generational inheritance. It has also recently been shown 
that quick restoration of H2AK119ub is required for accu
rate and slower restoration of H3K27me3 after replication  
[25]. These data support the fifth criteria suggested by the 
modeling studies. It is noteworthy that observation of both 
spreading, and inheritance of heterochromatin relies on 
maintenance of a critical density of the domains [15,44], 
suggesting a mechanistic link between the establishment 
and the maintenance of chromatin domains, both relying on 
the phase separation of the factors involved [51]. 

Enzyme concentration might be regulated by protein 
homeostasis. However, having several nucleation sites 
along the genome and condensation of the enzymes 
around these sites (which might be facilitated by phase 
separation) can be another way to provide the third cri
terion [38,50]. Altogether, one might postulate that 
phase separation is a key process responsible for the 
compartmentalization of heterochromatin helping the 
proper and efficient deposition of heterochromatin 
marks and epigenetic inheritance. We note however, 
that other models of inheritance which do not imply the 
essential role of chromatin condensation or 3D com
partments [48,68], are also possible, although not the 
subject of this review. 

Regulation of transcription also involves condensation of 
transcription components via phase separation  
[30,49,65], yet their inheritance is much less docu
mented. Still, there is evidence that bookmarking of 
histone marks and transcription factors can lead to their 
inheritance [5,7,33,45,56]. Sustained promoter–tran
scription factor interactions can even allow basal level of 
transcription during mitosis [22]. While the principles 
discussed above might underlie epigenetic memory of 
silent chromatin states, an important question is whether 
similar principles might apply to active chromatin states. 
Intriguingly, recent research showed that compact 
chromatin regions marked by H3K9me3 are required for 
the maintenance of mitotic bookmarking of some tran
scription factors such as Essrb [16]. This suggests the 
possibility that LLPS mechanisms might not only reg
ulate heterochromatin and transcription separately, but 
they might also set up a cross-talk between them. 

Conclusion 
Although many studies provide insights in the formation 
of specific nuclear compartment without membranes 
within the cell nucleus, many questions remain un
answered. A direct experimental data showing the 

necessity of chromatin and protein condensation for 
epigenetic inheritance is still missing, mainly due to the 
technical difficulties and lack of consensus on the bio
physical properties of biomolecules. Understanding the 
biophysical nature of chromatin-associated condensates 
would provide insights into the regulation and main
tenance of the epigenetic domains. For instance, 
Polycomb-mediated transgenerational epigenetic in
heritance is sensitive to the growth temperature in 
Drosophila [3]. Since the properties of Polycomb foci in 
flies are also temperature dependent, this observation 
raises the possibility that the biophysical properties of 
Polycomb foci participate in transgenerational epigenetic 
inheritance of Polycomb-dependent silencing [10,24]. 

The role of IDRs of chromatin-binding factors on the 
sequestration of chromatin domains is difficult to dis
entangle from other possible roles, such as enabling 
specific interactions, enzymatic or direct architectural 
activities (i.e. in driving chromatin compaction). It is 
thus important to investigate further the sequence 
grammar of IDRs, to identify which domains are suffi
cient to drive condensation and to understand whether it 
is possible to separate this function from other regulatory 
roles of associated protein domains. Lyons et al. present 
an example of this kind of study, which shows that a 
particular IDR charge pattern of MED1 is crucial for 
selectively partitioning RNA Pol 2 and its positive al
losteric regulators while excluding its negative regulators  
[40]. Another study on cBAF showed that the differ
ences in the sequences of IDRs in different subunits 
could serve different functions, either in clustering or to 
drive heterotypic interactions [46]. 

As a final note, although in this review we focused on 
LLPS in chromatin-based epigenetic inheritance, other 
biomolecular condensates such as germ granules, P- 
bodies or prions, that are not directly associated with 
chromatin, are also involved in phenomena of cellular 
memory and transgenerational inheritance [17,29,39,62]. 
This suggests that the regulation of the physical states of 
a variety of cellular components might be involved in the 
inheritance of functional states across cell division and 
through organismal generations. 

Data Availability 

No data was used for the research described in the ar
ticle. 

Declaration of Competing Interest 

None. 

Acknowledgements 
We would like to thank Daniel Jost for critical reading of the manuscript. 
N.A. was supported by funds of the LabMuse EpiGenMed, the University 

Phase separation and chromatin inheritance Akilli, Cheutin and Cavalli 5 

www.sciencedirect.com Current Opinion in Genetics & Development 2024, 86:102201 



of Montpellier and the Ligue contre le Cancer. Research in the G.C. la
boratory was supported by grants from the European Research Council 
(Advanced Grant 3DEpi), the Horizon 2020 Programme, Brussels (Marie 
Sklodowska-Curie CHROMDESIGN ITN, grant agreement No. 813327), 
the Horizon 2020, Brussels (E-RARE NEURO DISEASES "IMPACT" 
project), the Agence Nationale de la Recherche (PLASMADIFF3D, grant 
No. ANR-18-CE15-0010 and Liv Chrom, grant No. ANR-21-CE45-0011), 
the Fondation pour la Recherche Médicale (EQU202303016), the MSD 
Avenir Foundation (Project GENE-IGH), and the French National Cancer 
Institute (INCa, PIT-MM grant No. INCA-PLBIO18-362). 

References and recommended reading 
Papers of particular interest, published within the period of review, have 
been highlighted as:  

•• of special interest  
•• of outstanding interest  

1. Abdulla AZ, Salari H, Tortora MMC, Vaillant C, Jost D: 4D 
epigenomics: deciphering the coupling between genome 
folding and epigenomic regulation with biophysical modeling. 
Curr Opin Genet Dev 2023, 79:102033, https://doi.org/10.1016/j. 
gde.2023.102033 

2.
•

Abdulla AZ, Vaillant C, Jost D: Painters in chromatin: a unified 
quantitative framework to systematically characterize 
epigenome regulation and memory. Nucleic Acids Res 2022, 
50:9083-9104, https://doi.org/10.1093/nar/gkac702. 

This study highlights the importance of 3D genome organisation on the 
regulation and maintenance of the epigenomic domains. The authors 
used a modelling approach that takes the relationship between the 
nucleation/spreading and read and write mechanism of chromatin fac
tors into account. 

3. Bantignies F, Grimaud C, Lavrov S, Gabut M, Cavalli G: 
Inheritance of Polycomb-dependent chromosomal interactions 
in Drosophila. Genes Dev 2003, 17:2406-2420, https://doi.org/10. 
1101/gad.269503 

4. Bell O, Burton A, Dean C, Gasser SM, Torres-Padilla M-E: 
Heterochromatin definition and function. Nat Rev Mol Cell Biol 
2023, 24:691-694, https://doi.org/10.1038/s41580-023-00599-7 

5. Bellec M, Dufourt J, Hunt G, Lenden-Hasse H, Trullo A, El Aabidine 
AZ, Lamarque M, Gaskill MM, Faure-Gautron H, Mannervik M, 
Harrison MM, Andrau J-C, Favard C, Radulescu O, Lagha M: The 
control of transcriptional memory by stable mitotic 
bookmarking. Nat Commun 2022, 13:1176, https://doi.org/10. 
1038/s41467-022-28855-y 

6. Bhat P, Honson D, Guttman M: Nuclear compartmentalization as 
a mechanism of quantitative control of gene expression. Nat 
Rev Mol Cell Biol 2021, 22:653-670, https://doi.org/10.1038/ 
s41580-021-00387-1 

7. Brickner JH: Inheritance of epigenetic transcriptional memory 
through read–write replication of a histone modification. Ann NY 
Acad Sci 2023, 1526:50-58, https://doi.org/10.1111/nyas.15033 

8. Brown K, Chew PY, Ingersoll S, Espinosa JR, Aguirre A, Espinoza 
A, Wen J, Astatike K, Kutateladze TG, Collepardo-Guevara R, Ren 
X: Principles of assembly and regulation of condensates of 
Polycomb repressive complex 1 through phase separation. Cell 
Rep 2023, 42:113136, https://doi.org/10.1016/j.celrep.2023. 
113136 

9. Cavalli G, Heard E: Advances in epigenetics link genetics to the 
environment and disease. Nature 2019, 571:489-499, https://doi. 
org/10.1038/s41586-019-1411-0 

10. Cheutin T, Cavalli G: Progressive polycomb assembly on 
H3K27me3 compartments generates polycomb bodies with 
developmentally regulated motion. PLoS Genet 2012, 
8:e1002465, https://doi.org/10.1371/journal.pgen.1002465 

11. Cheutin T, Cavalli G: Polycomb silencing: from linear chromatin 
domains to 3D chromosome folding. Curr Opin Genet Dev 2014, 
25:30-37, https://doi.org/10.1016/j.gde.2013.11.016 

12. Cheutin T, McNairn AJ, Jenuwein T, Gilbert DM, Singh PB, Misteli 
T: Maintenance of stable heterochromatin domains by dynamic 

HP1 binding. Science 2003, 299:721-725, https://doi.org/10.1126/ 
science.1078572 

13. Ciabrelli F, Comoglio F, Fellous S, Bonev B, Ninova M, Szabo Q, 
Xuéreb A, Klopp C, Aravin A, Paro R, Bantignies F, Cavalli G: 
Stable Polycomb-dependent transgenerational inheritance of 
chromatin states in Drosophila. Nat Genet 2017, 49:876-886, 
https://doi.org/10.1038/ng.3848 

14. Coleman RT, Struhl G: Causal role for inheritance of H3K27me3 
in maintaining the OFF state of a Drosophila HOX gene. Science 
2017, 356:eaai8236, https://doi.org/10.1126/science.aai8236 

15.
••

Cutter DiPiazza AR, Taneja N, Dhakshnamoorthy J, Wheeler D, 
Holla S, Grewal SIS: Spreading and epigenetic inheritance of 
heterochromatin require a critical density of histone H3 lysine 9 
tri-methylation. Proc Natl Acad Sci USA 2021, 118:e2100699118, 
https://doi.org/10.1073/pnas.2100699118. 

In this study, using Schizosaccharomycespombeas model organism, the 
authors showed that a critical density threshold of H3K9me3 has to be 
established in order to sustain inheritance of heterochromatin domains 
via the read and write mechanism. They used a system generating an 
ectopic domain with a histone mutant that cannot be methylated at 
H3K9 residue and showed that this results in impairment of the 
spreading and memory of heterochromatin in a dosage-dependent 
manner. When they enhanced the affinity of Clr4/Suv39h towards H3K9 
methyl residue by replacing the chromodomain of Clr4 with that of 
Chp1, the heterochromatin spreading, and memory were recovered. 

16.
•

Djeghloul D, Dimond A, Cheriyamkunnel S, Kramer H, Patel B, 
Brown K, Montoya A, Whilding C, Wang Y-F, Futschik ME, Veland 
N, Montavon T, Jenuwein T, Merkenschlager M, Fisher AG: Loss of 
H3K9 trimethylation alters chromosome compaction and 
transcription factor retention during mitosis. Nat Struct Mol Biol 
2023, 30:489-501, https://doi.org/10.1038/s41594-023-00943-7. 

The findings of this study highlight the importance of heterochromatin 
marks, particularly that of H3K9me3, on the epigenetic memory during 
cell division. The authors found that enzymes catalyzing the H3K9me, 
such as Suv39h1/2, are retained on chromatin during mitosis and found 
a surprising effect of the repressive histone marks on the mitotic re
tention of some transcription factors. 

17. Du Z, Shi K, Brown JS, He T, Wu W-S, Zhang Y, Lee H-C, Zhang D: 
Condensate cooperativity underlies transgenerational gene 
silencing. Cell Rep 2023, 42:112859, https://doi.org/10.1016/j. 
celrep.2023.112859 

18. Eeftens JM, Kapoor M, Michieletto D, Brangwynne CP: Polycomb 
condensates can promote epigenetic marks but are not 
required for sustained chromatin compaction. Nat Commun 
2021, 12:5888, https://doi.org/10.1038/s41467-021-26147-5 

19. Elgin SCR, Reuter G: Position-effect variegation, 
heterochromatin formation, and gene silencing in Drosophila. 
Cold Spring Harb Perspect Biol 2013, 5:a017780, https://doi.org/ 
10.1101/cshperspect.a017780 

20.
•

Erdel F, Rademacher A, Vlijm R, Tünnermann J, Frank L, Weinmann 
R, Schweigert E, Yserentant K, Hummert J, Bauer C, Schumacher 
S, Al Alwash A, Normand C, Herten D-P, Engelhardt J, Rippe K: 
Mouse heterochromatin adopts digital compaction states 
without showing hallmarks of HP1-driven liquid-liquid phase 
separation. Mol Cell 2020, 78:236-249.e7, https://doi.org/10.1016/ 
j.molcel.2020.02.005. 

In this study, the authors showed that heterochromatin loci in mouse 
cells do not show the hallmarks of a liquid state. They also showed that 
the compaction and stability of the heterochromatin domains do not 
depend on the HP1 protein and HP1 has only a weak capacity to form 
condensates in the cell nucleus. A new framework to distinguish the 
hallmarks of different condensate states was developed. 

21. Erdel F, Rippe K: Formation of chromatin subcompartments by 
phase separation. Biophys J 2018, 114:2262-2270, https://doi. 
org/10.1016/j.bpj.2018.03.011 

22. Fenstermaker TK, Petruk S, Kovermann SK, Brock HW, Mazo A: 
RNA polymerase II associates with active genes during DNA 
replication. Nature 2023, 620:426-433, https://doi.org/10.1038/ 
s41586-023-06341-9 

23. Festenstein R, Pagakis SN, Hiragami K, Lyon D, Verreault A, Sekkali 
B, Kioussis D: Modulation of heterochromatin protein 1 
dynamics in primary mammalian cells. Science 2003, 
299:719-721, https://doi.org/10.1126/science.1078694 

6 Genome Architecture and Expression  

www.sciencedirect.com Current Opinion in Genetics & Development 2024, 86:102201 

https://doi.org/10.1016/j.gde.2023.102033
https://doi.org/10.1016/j.gde.2023.102033
https://doi.org/10.1093/nar/gkac702
https://doi.org/10.1101/gad.269503
https://doi.org/10.1101/gad.269503
https://doi.org/10.1038/s41580-023-00599-7
https://doi.org/10.1038/s41467-022-28855-y
https://doi.org/10.1038/s41467-022-28855-y
https://doi.org/10.1038/s41580-021-00387-1
https://doi.org/10.1038/s41580-021-00387-1
https://doi.org/10.1111/nyas.15033
https://doi.org/10.1016/j.celrep.2023.113136
https://doi.org/10.1016/j.celrep.2023.113136
https://doi.org/10.1038/s41586-019-1411-0
https://doi.org/10.1038/s41586-019-1411-0
https://doi.org/10.1371/journal.pgen.1002465
https://doi.org/10.1016/j.gde.2013.11.016
https://doi.org/10.1126/science.1078572
https://doi.org/10.1126/science.1078572
https://doi.org/10.1038/ng.3848
https://doi.org/10.1126/science.aai8236
https://doi.org/10.1073/pnas.2100699118
https://doi.org/10.1038/s41594-023-00943-7
https://doi.org/10.1016/j.celrep.2023.112859
https://doi.org/10.1016/j.celrep.2023.112859
https://doi.org/10.1038/s41467-021-26147-5
https://doi.org/10.1101/cshperspect.a017780
https://doi.org/10.1101/cshperspect.a017780
https://doi.org/10.1016/j.molcel.2020.02.005
https://doi.org/10.1016/j.molcel.2020.02.005
https://doi.org/10.1016/j.bpj.2018.03.011
https://doi.org/10.1016/j.bpj.2018.03.011
https://doi.org/10.1038/s41586-023-06341-9
https://doi.org/10.1038/s41586-023-06341-9
https://doi.org/10.1126/science.1078694


24. Fitz-James MH, Cavalli G: Molecular mechanisms of 
transgenerational epigenetic inheritance. Nat Rev Genet 2022, 
23:325-341, https://doi.org/10.1038/s41576-021-00438-5 

25. Flury V, Reverón-Gómez N, Alcaraz N, Stewart-Morgan KR, 
Wenger A, Klose RJ, Groth A: Recycling of modified H2A-H2B 
provides short-term memory of chromatin states. Cell 2023, 
186:1050-1065.e19, https://doi.org/10.1016/j.cell.2023.01.007 

26. Gerlich D, Beaudouin J, Kalbfuss B, Daigle N, Eils R, Ellenberg J: 
Global chromosome positions are transmitted through mitosis 
in mammalian cells. Cell 2003, 112:751-764, https://doi.org/10. 
1016/s0092-8674(03)00189-2 

27. Grau DJ, Chapman BA, Garlick JD, Borowsky M, Francis NJ, 
Kingston RE: Compaction of chromatin by diverse Polycomb 
group proteins requires localized regions of high charge. Genes 
Dev 2011, 25:2210-2221, https://doi.org/10.1101/gad.17288211 

28. Grewal SIS: The molecular basis of heterochromatin assembly 
and epigenetic inheritance. Mol Cell 2023, 83:1767-1785, https:// 
doi.org/10.1016/j.molcel.2023.04.020 

29. Harvey ZH, Chakravarty AK, Futia RA, Jarosz DF: A prion 
epigenetic switch establishes an active chromatin state. Cell 
2020, 180:928-940.e14, https://doi.org/10.1016/j.cell.2020.02.014 

30. Hnisz D, Shrinivas K, Young RA, Chakraborty AK, Sharp PA: A 
phase separation model for transcriptional control. Cell 2017, 
169:13-23, https://doi.org/10.1016/j.cell.2017.02.007 

31. Isono K, Endo TA, Ku M, Yamada D, Suzuki R, Sharif J, Ishikura T, 
Toyoda T, Bernstein BE, Koseki H: SAM domain polymerization 
links subnuclear clustering of PRC1 to gene silencing. Dev Cell 
2013, 26:565-577, https://doi.org/10.1016/j.devcel.2013.08.016 

32. Keenen MM, Brown D, Brennan LD, Renger R, Khoo H, Carlson CR, 
Huang B, Grill SW, Narlikar GJ, Redding S: HP1 proteins compact 
DNA into mechanically and positionally stable phase separated 
domains. ELife 2021, 10:e64563, https://doi.org/10.7554/eLife. 
64563 

33. Kent D, Marchetti L, Mikulasova A, Russell LJ, Rico D: Broad 
H3K4me3 domains: maintaining cellular identity and their 
implication in super-enhancer hijacking. BioEssays. John Wiley 
and Sons Inc; 2023, https://doi.org/10.1002/bies.202200239 

34.
•

Kim JJ, Steinson ER, Lau MS, de Rooij DG, Page DC, Kingston RE: 
Cell type-specific role of CBX2 and its disordered region in 
spermatogenesis. Genes Dev 2023, 37:640-660, https://doi.org/ 
10.1101/gad.350393.122. 

The findings of this study showed the importance of condensate- 
forming heterochromatin factor CBX2 on differentiation of stem cells 
into spermatogonia. The disordered region of CBX2 that is required for 
the chromatin compaction is also shown to be essential for the re
pressed state of stem cell – specific genes in sperm. This study high
lights a mechanism of epigenetic memory that relies mainly on the 
condensation of a chromatin-associating factor, as opposed to other 
studies emphasizing the importance of histone marks. 

35. Klosin A, Casas E, Hidalgo-Carcedo C, Vavouri T, Lehner B: 
Transgenerational transmission of environmental information 
in C. elegans. Science 2017, 356:320-323, https://doi.org/10. 
1126/science.aah6412 

36. Laprell F, Finkl K, Müller J: Propagation of Polycomb-repressed 
chromatin requires sequence-specific recruitment to DNA. 
Science 2017, 356:85-88, https://doi.org/10.1126/science.aai8266 

37. Larson AG, Elnatan D, Keenen MM, Trnka MJ, Johnston JB, 
Burlingame AL, Agard DA, Redding S, Narlikar GJ: Liquid droplet 
formation by HP1α suggests a role for phase separation in 
heterochromatin. Nature 2017, 547:236-240, https://doi.org/10. 
1038/nature22822 

38. Lee S, Abini-Agbomson S, Perry DS, Goodman A, Rao B, Huang 
MY, Diedrich JK, Moresco JJ, Yates JR, Armache K-J, Madhani 
HD: Intrinsic mesoscale properties of a Polycomb protein 
underpin heterochromatin fidelity. Nat Struct Mol Biol 2023, 
30:891-901, https://doi.org/10.1038/s41594-023-01000-z 

39. Lev I, Toker IA, Mor Y, Nitzan A, Weintraub G, Antonova O, Bhonkar 
O, ben Shushan I, Seroussi U, Claycomb JM, Anava S, Gingold H, 
Zaidel-Bar R, Rechavi O: Germ granules govern small RNA 

inheritance, e4, Curr Biol 2019, 29:2880-2891, https://doi.org/10. 
1016/j.cub.2019.07.054 

40. Lyons H, Veettil RT, Pradhan P, Fornero C, de La Cruz N, Ito K, 
Eppert M, Roeder RG, Sabari BR: Functional partitioning of 
transcriptional regulators by patterned charge blocks, e28, Cell 
2023, 186:327-345, https://doi.org/10.1016/j.cell.2022.12.013 

41. Murphy SE, Boettiger AN: Polycomb repression of Hox genes 
involves spatial feedback but not domain compaction or phase 
transition. Nat Genet 2024, 56:493-504, https://doi.org/10.1038/ 
s41588-024-01661-6 

42. Narlikar GJ: Phase-separation in chromatin organization. J 
Biosci 2020, 45:5, https://doi.org/10.1007/s12038-019-9978-z 

43. Niekamp S, Marr SK, Oei TA, Subramanian R, Kingston RE: 
Modularity of PRC1 composition and chromatin interaction 
define condensate properties, Mar 15, Mol Cell 2024, S1097- 
2765:00181-00183, https://doi.org/10.1016/j.molcel.2024.03.001 

44.
••

Owen JA, Osmanović D, Mirny L: Design principles of 3D 
epigenetic memory systems. Science 2023, 382:eadg3053, 
https://doi.org/10.1126/science.adg3053. 

The authors developed a model which shows that 3D genome folding 
can promote epigenetic memory if the following criteria are provided: (1) 
large density difference between the epigenomic domains, (2) spreading 
of read and write activity along the 3D genome, (3) limited amounts of 
enzymes compared to the substrates. 

45. Palozola KC, Lerner J, Zaret KS: A changing paradigm of 
transcriptional memory propagation through mitosis. Nature 
Reviews Molecular Cell Biology Nature Publishing Group; 
2019:55-64, https://doi.org/10.1038/s41580-018-0077-z 

46. Patil A, Strom AR, Paulo JA, Collings CK, Ruff KM, Shinn MK, 
Sankar A, Cervantes KS, Wauer T, st. Laurent JD, Xu G, Becker LA, 
Gygi SP, Pappu R v, Brangwynne CP, Kadoch C: A disordered 
region controls cBAF activity via condensation and partner 
recruitment, e26, Cell 2023, 186:4936-4955, https://doi.org/10. 
1016/j.cell.2023.08.032 

47. Plys AJ, Davis CP, Kim J, Rizki G, Keenen MM, Marr SK, Kingston 
RE: Phase separation of Polycomb-repressive complex 1 is 
governed by a charged disordered region of CBX2. Genes Dev 
2019, 33:799-813, https://doi.org/10.1101/gad.326488.119 

48.
•

Reinig J, Ruge F, Howard M, Ringrose L: A theoretical model of 
Polycomb/Trithorax action unites stable epigenetic memory 
and dynamic regulation. Nat Commun 2020, 11:4782, https://doi. 
org/10.1038/s41467-020-18507-4. 

In this study, the authors developed a mathematical model, which 
predicts that the balance between Polycomb and Thritorax complexes 
and the length of the cell cycle are the critical factors for establishing a 
stable epigenomic memory. 

49. Sabari BR, Dall’Agnese A, Boija A, Klein IA, Coffey EL, Shrinivas K, 
Abraham BJ, Hannett NM, Zamudio A v, Manteiga JC, Li CH, Guo 
YE, Day DS, Schuijers J, Vasile E, Malik S, Hnisz D, Lee TI, Cisse II, 
... Young RA: Coactivator condensation at super-enhancers 
links phase separation and gene control. Science 2018, 
361:eaar3958, https://doi.org/10.1126/science.aar3958 

50.
•

Sandholtz SH, MacPherson Q, Spakowitz AJ: Physical modeling 
of the heritability and maintenance of epigenetic modifications. 
Proc Natl Acad Sci 2020, 117:20423-20429, https://doi.org/10. 
1073/pnas.1920499117. 

In this study, the authors employed physical modelling to show that the 
linear spreading of epigenetic marks and HP1 condensation leads to 
chromatin compaction. In conditions where the enzymes are present in 
limited amounts, epigenetic landscapes can be sustained over several 
generations. 

51. Sanulli S, J. Narlikar G: Liquid-like interactions in 
heterochromatin: implications for mechanism and regulation. 
Curr Opin Cell Biol 2020, 64:90-96, https://doi.org/10.1016/j.ceb. 
2020.03.004 

52. Sanulli S, Trnka MJ, Dharmarajan V, Tibble RW, Pascal BD, 
Burlingame AL, Griffin PR, Gross JD, Narlikar GJ: HP1 reshapes 
nucleosome core to promote phase separation of 
heterochromatin. Nature 2019, 575:390-394, https://doi.org/10. 
1038/s41586-019-1669-2 

Phase separation and chromatin inheritance Akilli, Cheutin and Cavalli 7 

www.sciencedirect.com Current Opinion in Genetics & Development 2024, 86:102201 

https://doi.org/10.1038/s41576-021-00438-5
https://doi.org/10.1016/j.cell.2023.01.007
https://doi.org/10.1016/s0092-8674(03)00189-2
https://doi.org/10.1016/s0092-8674(03)00189-2
https://doi.org/10.1101/gad.17288211
https://doi.org/10.1016/j.molcel.2023.04.020
https://doi.org/10.1016/j.molcel.2023.04.020
https://doi.org/10.1016/j.cell.2020.02.014
https://doi.org/10.1016/j.cell.2017.02.007
https://doi.org/10.1016/j.devcel.2013.08.016
https://doi.org/10.7554/eLife.64563
https://doi.org/10.7554/eLife.64563
https://doi.org/10.1002/bies.202200239
https://doi.org/10.1101/gad.350393.122
https://doi.org/10.1101/gad.350393.122
https://doi.org/10.1126/science.aah6412
https://doi.org/10.1126/science.aah6412
https://doi.org/10.1126/science.aai8266
https://doi.org/10.1038/nature22822
https://doi.org/10.1038/nature22822
https://doi.org/10.1038/s41594-023-01000-z
https://doi.org/10.1016/j.cub.2019.07.054
https://doi.org/10.1016/j.cub.2019.07.054
https://doi.org/10.1016/j.cell.2022.12.013
https://doi.org/10.1038/s41588-024-01661-6
https://doi.org/10.1038/s41588-024-01661-6
https://doi.org/10.1007/s12038-019-9978-z
https://doi.org/10.1016/j.molcel.2024.03.001
https://doi.org/10.1126/science.adg3053
https://doi.org/10.1038/s41580-018-0077-z
https://doi.org/10.1016/j.cell.2023.08.032
https://doi.org/10.1016/j.cell.2023.08.032
https://doi.org/10.1101/gad.326488.119
https://doi.org/10.1038/s41467-020-18507-4
https://doi.org/10.1038/s41467-020-18507-4
https://doi.org/10.1126/science.aar3958
https://doi.org/10.1073/pnas.1920499117
https://doi.org/10.1073/pnas.1920499117
https://doi.org/10.1016/j.ceb.2020.03.004
https://doi.org/10.1016/j.ceb.2020.03.004
https://doi.org/10.1038/s41586-019-1669-2
https://doi.org/10.1038/s41586-019-1669-2


53. Schuettengruber B, Bourbon HM, di Croce L, Cavalli G: Genome 
regulation by Polycomb and Trithorax: 70 years and counting. 
Cell 2017, 171:34-57, https://doi.org/10.1016/j.cell.2017.08.002 

54. Seif E, Kang JJ, Sasseville C, Senkovich O, Kaltashov A, Boulier EL, 
Kapur I, Kim CA, Francis NJ: Phase separation by the 
polyhomeotic sterile alpha motif compartmentalizes Polycomb 
group proteins and enhances their activity. Nat Commun 2020, 
11:5609, https://doi.org/10.1038/s41467-020-19435-z 

55. Spector DL: Macromolecular domains within the cell nucleus. 
Annu Rev Cell Dev Biol 1993, 9:265-315, https://doi.org/10.1146/ 
annurev.cb.09.110193.001405 

56. Stewart-Morgan KR, Petryk N, Groth A: Chromatin replication 
and epigenetic cell memory. Nat Cell Biol 2020, 22:361-371, 
https://doi.org/10.1038/s41556-020-0487-y 

57.
•

Strickfaden H, Tolsma TO, Sharma A, Underhill DA, Hansen JC, 
Hendzel MJ: Condensed chromatin behaves like a solid on the 
mesoscale in vitro and in living cells, e13, Cell 2020, 
183:1772-1784, https://doi.org/10.1016/j.cell.2020.11.027. 

In this study, the authors used nucleosomal arrays to study the bio
physical properties of chromatin in vitro under several conditions. They 
also assed the mobility of condensed chromatin in vivo and showed that 
in both cases, the chromatin behaves like a solid material. They also 
showed that solid-like chromatin can function as a scaffold, around 
which chromatin factors present in a liquid-like state can cluster. 

58. Strom AR, Emelyanov Av, Mir M, Fyodorov Dv, Darzacq X, Karpen 
GH: Phase separation drives heterochromatin domain 
formation. Nature 2017, 547:241-245, https://doi.org/10.1038/ 
nature22989 

59. Tatavosian R, Kent S, Brown K, Yao T, Duc HN, Huynh TN, Zhen 
CY, Ma B, Wang H, Ren X: Nuclear condensates of the 
Polycomb protein chromobox 2 (CBX2) assemble through 
phase separation. J Biol Chem 2019, 294:1451-1463, https://doi. 
org/10.1074/jbc.RA118.006620 

60.
•

Tortora MMC, Brennan LD, Karpen G, Jost D: HP1-driven phase 
separation recapitulates the thermodynamics and kinetics of 
heterochromatin condensate formation. Proc Natl Acad Sci 
2023, 120:e2211855120, https://doi.org/10.1073/pnas. 
2211855120. 

By molecular modelling of heterochromatin in early Drosophila embryos, 
this study shows that self-interactions of HP1 proteins and their het
erotypic interactions with the chromatin scaffold determine the behavior 
of pericentromeric heterochromatin. In particular, the affinity of HP1 
towards H3K9me2/3 marked chromatin domains can lead to pericen
tromeric heterochromatin condensation at a concentration of HP1 that 
was previously determined in in vitro studies. 

61. Trzaskoma P, Ruszczycki B, Lee B, Pels KK, Krawczyk K, Bokota 
G, Szczepankiewicz AA, Aaron J, Walczak A, Śliwińska MA, 
Magalska A, Kadlof M, Wolny A, Parteka Z, Arabasz S, Kiss- 
Arabasz M, Plewczyński D, Ruan Y, Wilczyński GM: Ultrastructural 
visualization of 3D chromatin folding using volume electron 
microscopy and DNA in situ hybridization. Nat Commun 2020, 
11:2120, https://doi.org/10.1038/s41467-020-15987-2 

62. Wan G, Fields BD, Spracklin G, Shukla A, Phillips CM, Kennedy S: 
Spatiotemporal regulation of liquid-like condensates in 
epigenetic inheritance. Nature 2018, 557:679-683, https://doi. 
org/10.1038/s41586-018-0132-0 

63. Wang L, Gao Y, Zheng X, Liu C, Dong S, Li R, Zhang G, Wei Y, Qu 
H, Li Y, Allis CD, Li G, Li H, Li P: Histone modifications regulate 
chromatin compartmentalization by contributing to a phase 
separation mechanism, e6, Mol Cell 2019, 76:646-659, https:// 
doi.org/10.1016/j.molcel.2019.08.019 

64. Wani AH, Boettiger AN, Schorderet P, Ergun A, Munger C, 
Sadreyev RI, Zhuang X, Kingston RE, Francis NJ: Chromatin 
topology is coupled to Polycomb group protein subnuclear 
organization. Nat Commun 2016, 7:10291, https://doi.org/10. 
1038/ncomms10291 

65. Weintraub AS, Li CH, Zamudio A v, Sigova AA, Hannett NM, Day 
DS, Abraham BJ, Cohen MA, Nabet B, Buckley DL, Guo YE, Hnisz 
D, Jaenisch R, Bradner JE, Gray NS, Young RA: YY1 is a structural 
regulator of enhancer-promoter loops, e28, Cell 2017, 
171:1573-1588, https://doi.org/10.1016/j.cell.2017.11.008 

66. Williamson I, Boyle S, Grimes GR, Friman ET, Bickmore WA: 
Dispersal of PRC1 condensates disrupts polycomb chromatin 
domains and loops. Life Sci Alliance 2023, 6:e202302101, https:// 
doi.org/10.26508/lsa.202302101 

67. Zenk F, Loeser E, Schiavo R, Kilpert F, Bogdanovic O, Iovino N: 
Germ line-inherited H3K27me3 restricts enhancer function 
during maternal-to-zygotic transition. Science 2017, 
357:212-216, https://doi.org/10.1126/science.aam5339 

68. Zerihun MB, Vaillant C, Jost D: Effect of replication on epigenetic 
memory and consequences on gene transcription. Phys Biol 
2015, 12:026007, https://doi.org/10.1088/1478-3975/12/2/026007 

69. Zhang H, Qin W, Romero H, Leonhardt H, Cardoso MC: 
Heterochromatin organization and phase separation. Nucleus 
2023, 14:2159142, https://doi.org/10.1080/19491034.2022. 
2159142  

8 Genome Architecture and Expression  

www.sciencedirect.com Current Opinion in Genetics & Development 2024, 86:102201 

https://doi.org/10.1016/j.cell.2017.08.002
https://doi.org/10.1038/s41467-020-19435-z
https://doi.org/10.1146/annurev.cb.09.110193.001405
https://doi.org/10.1146/annurev.cb.09.110193.001405
https://doi.org/10.1038/s41556-020-0487-y
https://doi.org/10.1016/j.cell.2020.11.027
https://doi.org/10.1038/nature22989
https://doi.org/10.1038/nature22989
https://doi.org/10.1074/jbc.RA118.006620
https://doi.org/10.1074/jbc.RA118.006620
https://doi.org/10.1073/pnas.2211855120
https://doi.org/10.1073/pnas.2211855120
https://doi.org/10.1038/s41467-020-15987-2
https://doi.org/10.1038/s41586-018-0132-0
https://doi.org/10.1038/s41586-018-0132-0
https://doi.org/10.1016/j.molcel.2019.08.019
https://doi.org/10.1016/j.molcel.2019.08.019
https://doi.org/10.1038/ncomms10291
https://doi.org/10.1038/ncomms10291
https://doi.org/10.1016/j.cell.2017.11.008
https://doi.org/10.26508/lsa.202302101
https://doi.org/10.26508/lsa.202302101
https://doi.org/10.1126/science.aam5339
https://doi.org/10.1088/1478-3975/12/2/026007
https://doi.org/10.1080/19491034.2022.2159142
https://doi.org/10.1080/19491034.2022.2159142

	Phase separation and inheritance of repressive chromatin domains
	Introduction
	Constitutive heterochromatin
	Polycomb chromatin
	Phase separation and inheritance of chromatin states
	Conclusion
	Data Availability
	Declaration of Competing Interest
	Acknowledgements
	References and recommended reading




