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Post-translational modifications in histones play important roles in regulat-

ing chromatin structure and gene expression programs, and the modified

histones can be passed on to subsequent generations as an epigenetic mem-

ory. The fission yeast has been a great model organism for studying histone

modifications in heterochromatin assembly and epigenetic inheritance.

Here, we review findings in this organism that cemented the idea of

chromatin-based inheritance and highlight recent studies that reveal the

role of histone turnover in regulating this process.

Introduction

Eukaryotic genomic DNA is folded with histones and

nonhistone proteins into chromatin. Covalent modifi-

cations in histones, chromatin remodeling, as well as

DNA modifications play important roles in setting up

the gene expression programs that determine cell iden-

tity. Once these chromatin states have been estab-

lished, they can form an epigenetic memory of gene

activity that will be inherited by subsequent genera-

tions of cells [1].

Histones play major roles in transmitting epigenetic

information [1–3]. The prevailing view is that during

DNA replication, the passage of the replication fork

disrupts parental nucleosomes. Parental (H3–H4)2 tet-

ramers, which contain original histone modifications,

are deposited back to the original location and equally

segregated onto both daughter strands to direct the

formation of nucleosomes [4–8]. The remaining gaps in

DNA are filled by nucleosomes formed by newly syn-

thesized (H3–H4)2, resulting in the intermingling of

nucleosomes containing either parental or new (H3–
H4)2. For certain histone modifications involved in

gene silencing, such as trimethylation of histone H3 at

lysine 9 (H3K9me3) and lysine 27 (H3K27me3), the

existing histone modifications on parental histones

recruit the corresponding modifying enzymes, which

lead to modifications in nearby nucleosomes, and

therefore restore the original histone modification pro-

files on both replicated chromatids (Fig. 1) [1,9].

Abbreviations

CLRC, Clr4 methyltransferase complex; dsRNA, double-strand RNA; FACT, facilitates chromatin transcription; H3K9me3, trimethylation of

histone H3 lysine 9; RITS, RNA-induced transcriptional silencing complex; RIXC, Rix1 complex; RNAi, RNA interference; SAGA, Spt-Ada-

Gcn5 acetyltransferase; SET, Suv39, enhancer of zeste, and trithorax; SHREC, Snf2/Hdac-containing repressor complex; TetO, tetracycline

operator; TetR, tetracycline repressor; TSA, tricostatin A.

1The FEBS Journal (2021) ª 2021 Federation of European Biochemical Societies

 17424658, 0, D
ow

nloaded from
 https://febs.onlinelibrary.w

iley.com
/doi/10.1111/febs.16260 by C

olum
bia U

niversity H
ealth Sciences, W

iley O
nline L

ibrary on [31/12/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-7927-0227
https://orcid.org/0000-0002-7927-0227
https://orcid.org/0000-0002-7927-0227
mailto:
http://crossmark.crossref.org/dialog/?doi=10.1111%2Ffebs.16260&domain=pdf&date_stamp=2021-11-13


Studies of heterochromatin formation in the fission

yeast Schizosaccharomyces pombe have been instrumen-

tal in revealing the mechanisms of heterochromatin

assembly and chromatin-mediated epigenetic inheri-

tance [9]. In this article, we will highlight the discover-

ies in fission yeast on epigenetic inheritance and also

discuss recent work revealing the critical role of con-

trolling histone turnover rate during this process.

Fission yeast heterochromatin
assembly

In fission yeast, large domains of heterochromatin are

formed at pericentric regions, the silent mating-type

region, and subtelomeres [10]. The nucleosomes within

these regions are hypoacetylated and contain H3K9me3,

which is catalyzed by the histone methyltransferase Clr4

[11,12]. Clr4 also associates with a E3 ubiquitin ligase

(Cul4, Rik1, Raf1, and Raf2) to form the Clr4 complex

(CLRC) [13–15]. CLRC ubiquitylates H3K14

(H3K14ub) and H3K14ub increases the affinity of Clr4

with the H3 tail to enhance its enzymatic activity [16–18].
In addition to the catalytic Suv39, enhancer of zeste,

and trithorax (SET) domain, Clr4 contains a

chromodomain that recognizes H3K9me3 [19]. There-

fore, Clr4 not only ‘writes’ the H3K9me3 mark but

also ‘reads’ the mark it creates. Existing H3K9me3

recruits Clr4 and enhances its enzymatic activity [20],

forming a self-reinforcing loop for H3K9me3, leading

to heterochromatin spreading and the formation of

large H3K9me3 domains. H3K9me3 creates binding

sites for HP1 family proteins Swi6 and Chp2, which in

turn recruit diverse proteins to regulate transcription,

recombination, and other cellular processes, such as

chromosome segregation and mating-type switching

[10].

Heterochromatin establishment and
maintenance

The formation of heterochromatin is separated into

two distinct steps: establishment and maintenance [9]

(Fig. 2A,B, and Table 1). During the establishment

step, Clr4 is recruited to specific genomic loci to initi-

ate H3K9me3. During the maintenance step, Clr4

restores heterochromatin structure after DNA replica-

tion based on existing H3K9me3 on parental histones,

independent of the recruitment signal. The pathways

Fig. 1. A model for histone-based epigenetic inheritance. At heterochromatin regions, the histones are marked with H3K9me3. During DNA

replication, parental (H3–H4)2 tetramers are deposited back to the original location and segregated equally onto both daughter strands. The

histone H3K9 methyltransferase Clr4 contains the catalytic SET domain and a chromodomain (CD) that recognizes H3K9me3. Parental

histones containing H3K9me3 recruit Clr4 to modify nearby nucleosomes formed by newly synthesized histones, therefore duplicating the

histone modification on both replicated DNA strands.
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responsible for each step have been clearly delineated

in this organism.

The RNA interference (RNAi) pathway is critical

for the recruitment of Clr4 to establish heterochro-

matin at repetitive DNA present at all major hete-

rochromatin domains [10]. The DNA repeats are

transcribed, producing double-stranded RNAs

(dsRNAs) [21]. The ribonuclease Dicer (Dcr1) pro-

cesses these dsRNAs into small-interfering RNAs (siR-

NAs), which are loaded onto the RNA-induced

transcriptional silencing complex (RITS) [22]. The

Argonaute protein (Ago1) within RITS binds siRNAs

and directs RITS to nascent RNA transcripts from

repeat regions [22]. RITS then recruits CLRC to initi-

ate H3K9me3 [19,23].

While RNAi is the major pathway recruiting CLRC

to pericentric repeats, DNA-based mechanisms are

also involved in heterochromatin establishment at

other locations. For example, at the silent mating-type

region, the cenH repeat, which is homologous to peri-

centric repeats, recruits Clr4 through the RNAi path-

way [24]. Adjacent to cenH are binding sites for

transcription factor Atf1/Pcr1, which also indepen-

dently recruits Clr4 [25–29]. At subtelomeres, a similar

repeat sequence present in the tlh genes promotes

RNAi-mediated recruitment of Clr4 [30]. In addition,

the telomere-protecting complex shelterin recruits Clr4

Fig. 2. Heterochromatin establishment and maintenance. (A) Heterochromatin establishment refers to the targeting of Clr4 to defined

genomic locations by RNAi, transcription factors or other DNA-binding proteins to initiate H3K9me3. (B) Heterochromatin maintenance

refers to the process of replicating H3K9me3 during DNA replication without initiation signals. (C) Methods used to examine

heterochromatin establishment. Pre-existing heterochromatin is first erased by clr4Δ or the addition of TSA, followed by the reintroduction

of Clr4 or removal of TSA. (D) Methods used to examine heterochromatin maintenance. Top, the replacement of cenH, which mediates

heterochromatin establishment through RNAi, with an ura4+ reporter results in two metastable epigenetic states. The ura4-off state can be

maintained through mitosis and meiosis. Bottom, TetR-Clr4-SET is recruited to tetO sites to establish heterochromatin. The addition of

tetracycline release TetR-Clr4-SET and heterochromatin is maintained by endogenous Clr4.

Table 1. Factors involved in heterochromatin establishment and

maintenance.

Protein name Establishment Maintenance

CLRC U U

Swi6 U U

Dicer U

RITS U

Atf1/Pcr1 U

Shelterin U
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to telomere repeats to establish heterochromatin

[30,31].

Heterochromatin maintenance is the process of

restoring histone modification profiles after DNA

replication. As the replication fork moves forward,

parental histones are deposited back to the original

location and intermixed with newly synthesized his-

tones. Parental histones containing H3K9me3 serve as

signals for the recruitment of Clr4 to modify newly

synthesized histones, restoring the H3K9me3 domain

[9,19]. This self-template mechanism is expected to

maintain heterochromatin structure even after the sig-

nals for heterochromatin establishment are removed.

In normal conditions, both establishment and main-

tenance pathways are required for heterochromatin

integrity, but genetic manipulations allow clear deter-

mination whether a factor is involved specifically in

heterochromatin establishment or maintenance. For

example, to examine the role of RNAi in heterochro-

matin establishment, pre-existing heterochromatin is

first completely erased by clr4Δ, followed by the rein-

troduction of clr4+ through transformation or genetic

crosses [23,24,32–34]. Alternatively, the histone

deacetylase inhibitor tricostatin A (TSA) is used to

erase existing heterochromatin, followed by TSA

removal to examine heterochromatin integrity. RNAi

mutants failed to establish H3K9me3 in these assays,

suggesting that it is required for heterochromatin

establishment [24,25] (Fig. 2C).

Examining heterochromatin maintenance requires

the removal of heterochromatin establishment path-

ways. At the silent mating-type locus, cenH mediates

Clr4 recruitment through RNAi [24]. Replacing cenH

with a ura4+ reporter gene leads to cells with one of

two stably maintained states: ‘ura4-on’ (the reporter is

expressed) and ‘ura4-off’ (the reporter is repressed) [35]

(Fig. 2D). The cells are identical in DNA sequence,

but differ in their chromatin environment at the silent

mating-type locus [24,36]. Because the conversion from

ura4-on to ura4-off is at a very low frequency, it is pre-

sumed that the heterochromatin in ura4-off cells is

maintained independent of the initiation signal.

Genetic analyses demonstrate that these epigenetic

states are inherited through both mitosis and meiosis

similar to gene alleles [35], thus firmly establishing the

role of chromatin structure in epigenetic inheritance.

However, such a simplified explanation is compli-

cated by later findings of an additional, albeit less

robust mechanism of heterochromatin establishment

involving DNA binding proteins Atf1/Pcr1, which

cooperate with RNAi to recruit Clr4 to the silent

mating-type region [25–29]. To avoid complications

from possible unknown mechanisms at endogenous

heterochromatin loci, ectopic heterochromatin is estab-

lished by the recruitment of Clr4 to tetO binding sites

through a tetracycline repressor (TetR) and Clr4-SET

domain (TetR-Clr4-SET) fusion protein, leading to the

silencing of adjacent report genes [33,37] (Fig. 2D). As

the addition of tetracycline quickly releases TetR-Clr4-

SET from tetO binding sites, heterochromatin is

expected to be maintained through the self-templated

restoration of H3K9me3 by the endogenous Clr4.

However, silencing and H3K9me3 are quickly lost

upon the release of TetR-Clr4-SET, suggesting that

heterochromatin is not stably inherited in wild-type

cells.

Interestingly, removal of an antisilencing protein

Epe1 allows the inheritance of this artificial hete-

rochromatin after TetR-Clr4-SET release [33,37].

Moreover, the inheritance of such chromatin structure

is critically dependent on the ability of the chromod-

omain of Clr4 to recognize H3K9me3. These results

clearly demonstrate that cells can indeed mediate epi-

genetic inheritance through chromatin structure by

coupling the ‘reading’ and ‘writing’ of H3K9me3.

However, they also indicate that there are mechanisms

that normally counteract histone-based heterochro-

matin maintenance in wild-type cells.

Epe1 contains a JmjC domain, which is the catalytic

domain of histone demethylases [38]. It localizes to

heterochromatin regions through its interaction with

Swi6 [39–41]. It is proposed that Epe1 is a H3K9

demethylase and that H3K9me3 removal by Epe1

opposes epigenetic inheritance [33,37]. However, no

enzymatic activity of Epe1 has been demonstrated in

vitro, and the commonly used mutations that are

expected to only abolish Epe1 demethylase activity

also influence its interaction with Swi6 [42]. Moreover,

Epe1 also exerts its function on heterochromatin inde-

pendent of its JmjC domain [43–45]. For example, it

recruits the Spt-Ada-Gcn5 acetyltransferase (SAGA)

histone acetyltransferase complex and the BET family

bromodomain protein Bdf2 [43,44]. Therefore, the

mechanisms that counteract histone-based heterochro-

matin maintenance remain unclear.

Mutations that bypass RNAi reveal the
role of histone turnover in regulating
epigenetic inheritance

Further clues about the mechanisms that counteract

heterochromatin inheritance come from many muta-

tions that bypass RNAi for heterochromatin integrity.

At pericentric repeats, RNAi is the major pathway to

establish heterochromatin [21]. However, heterochro-

matin is not properly maintained in RNAi mutants,
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even though RNAi is not expected to be required for

heterochromatin inheritance [24,33]. This result is con-

sistent with the idea that there are pathways actively

preventing heterochromatin maintenance. Interestingly,

inactivating a number of pathways, such as the Mst2

histone acetyltransferase complex, the INO80

chromatin-remodeling complex, the JmjC domain pro-

tein Epe1, and the transcription-associated Paf1 com-

plex, allows heterochromatin formation at pericentric

repeats in the absence of RNAi [32,33,40,46–49]. Anal-

yses of these factors demonstrate a critical role of sup-

pressing histone turnover in regulating epigenetic

inheritance (Fig. 3).

Mutations of the Mst2 histone acetyltransferase

complex bypass RNAi for heterochromatin mainte-

nance [32]. The Mst2 complex includes the MYST

family histone acetyltransferase Mst2 as the catalytic

subunit and other proteins such as Nto1, Pdp3, Tfg3,

Ptf1, and Ptf2 [50,51]. The subunit composition is sim-

ilar to the NuA3 complex in budding yeast and the

MOZ/MORF complex in mammalian systems [52].

The Mst2 complex is normally excluded from hete-

rochromatin regions because the PWWP domain of

the Pdp3 subunit recognizes H3K36me3, which is nor-

mally enriched at euchromatin regions [53]. However,

in the absence of RNAi, the Mst2 complex gains

access to heterochromatin and acetylates histones

within heterochromatin regions [32]. The Mst2 com-

plex is a highly specific H3K14 acetyltransferase,

and abolishing its enzymatic activity is critical for

bypassing RNAi [32,51]. It is proposed that H3K14

acetylation promotes transcription at pericentric

repeats, which leads to a higher histone turnover

rate and the loss of the parental histones containing

H3K9me3, therefore breaking the ‘read-write’ cycle for

chromatin-based epigenetic inheritance. As a result,

RNAi is needed to reestablish heterochromatin during

every cell cycle [32]. The Mst2 complex was later

demonstrated to stimulate histone turnover at hete-

rochromatin [54].

Mutations of the INO80 chromatin-remodeling com-

plex also bypass RNAi for heterochromatin mainte-

nance [49]. The INO80 complex regulates diverse

processes such as nucleosome positioning, histone

turnover, and the incorporation of histone variant

H2A.Z [55]. Fission yeast INO80 complex is composed

of a conserved catalytic core containing Ino80, Rvb1,

Rvb2, Ies2, Ies4, Ies6, Act1, Arp4, Arp5, Arp8, and

Taf14 [49,56,57]. It also contains accessory subunits,

such as Iec1, Hap2, Nht1, Iec3, and Iec5, although

how they regulate INO80 function is not clear. Inter-

estingly, mutations bypassing RNAi are all accessory

subunits of INO80, and this function is largely depen-

dent on the Iec5 subunit. Further analyses show that

Iec5 regulates histone turnover, but has no impact on

nucleosome positioning or histone H2A.Z exchange at

heterochromatin regions [49]. INO80 localizes to hete-

rochromatin and interacts with heterochromatin pro-

tein Swi6, suggesting that it plays a direct role at

heterochromatin regions [49,58]. As the repeat regions

are transcribed during the S phase of the cell cycle

[59,60], RNA polymerase II (Pol II) inevitably collides

with the advancing replication fork [61]. In budding

yeast, INO80 is critical for resolving transcription–
replication conflicts by removing Pol II [62,63]. It is

possible that such a function is conserved in fission

yeast, and the presence of INO80 at heterochromatin

ensures the proper replication of heterochromatin.

However, an undesired effect of INO80 action is an

increase in histone turnover rate at heterochromatin

regions. Histone turnover reduces the amounts of par-

ental histones deposited onto daughter DNA strands,

therefore affecting the propagation of H3K9me3

required for heterochromatin inheritance.

Mutations of Epe1 bypass RNAi [40], and later it

was shown that epe1Δ bypasses heterochromatin

Fig. 3. Low histone turnover rate is critical

for preserving parental histones for

epigenetic inheritance. The turnover of

parental histones breaks the read–write

mechanism of Clr4 to duplicate parental

histone modifications. Epe1, the Mst2

complex, the INO80 complex, and the Paf1

complex promote histone turnover, while

SHREC, Fft3, and FACT ensure low histone

turnover rate.
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maintenance in RNAi mutants [33]. As discussed ear-

lier, the biochemical activity of Epe1 remains elusive.

Interestingly, Epe1 also regulates transcription and

promotes histone turnover at heterochromatin regions

[64], further corroborating the idea that low histone

turnover rate is critical for maintaining parental his-

tone modification for heterochromatin inheritance.

Although the mechanism of how Epe1 affects histone

turnover is unclear, the association of Epe1 with

SAGA [44] suggests that Epe1 might stimulate histone

turnover through histone acetylation.

Mutations of the Paf1 complex (Paf1C) bypass

RNAi and increase the spreading of heterochromatin

to neighboring regions, and Paf1C counteracts both

heterochromatin establishment and maintenance

[48,65,66]. The Paf1 complex is associated with tran-

scriptional elongation and it augments other histone

modifications such as H2B ubiquitination and H3K4

methylation [67]. However, the impact of Paf1C on

heterochromatin is independent of these histone modi-

fications [48]. Interestingly, Paf1C also regulates his-

tone turnover at heterochromatin regions, further

supporting a role of low histone turnover rate in hete-

rochromatin inheritance [48].

Finally, mutations of telomere shelterin bypass

RNAi for heterochromatin maintenance [47]. Shelterin

is required for chromosome end protection and telom-

ere length homeostasis [68]. It also directly associates

with Clr4 to promote heterochromatin assembly at the

telomere region [31]. Separation-of-function mutations

of shelterin allow the clear demonstration that telom-

ere heterochromatin assembly, but not chromosome

end protection or telomere length control, is involved

in bypassing RNAi [47]. Mutations of shelterin disrupt

telomere heterochromatin, leading to an increase in

the availability of Swi6 to facilitate heterochromatin

maintenance at centromeres in RNAi mutants. Consis-

tent with this idea, overexpression Swi6 also bypasses

RNAi [47]. As HP1 proteins can undergo liquid–liquid
phase separation [69–71], it is possible that higher

levels of Swi6 create a favorable environment for

retaining parental histones containing H3K9me3,

which interact with Swi6.

Regulating histone turnover at
heterochromatin in wild-type cells

The histone turnover rate at heterochromatin regions

is normally low in wild-type cells [64,72]. This could

be the consequence of low transcriptional activity

within heterochromatin regions. However, there are

also mechanisms that actively maintain low histone

turnover rate at heterochromatin, involving proteins

such as the Snf2/Hdac-containing repressor complex

(SHREC) complex, chromatin remodeling protein

Fft3, and the histone chaperone facilitates chromatin

transcription (FACT).

SHREC is a complex that includes the histone

deacetylase Clr3, the chromatin remodeling protein

Mit1, and additional proteins [73,74]. It is recruited to

heterochromatin regions through its interaction with

HP1 proteins Swi6 and Chp2, as well as other DNA-

based mechanisms [41,73–75]. The resulting histone

deacetylation and chromatin remodeling lead to regu-

larly spaced nucleosomes, the exclusion of the tran-

scription machinery, and low histone turnover rate

[64,73,74]. Since both SHREC and Epe1 are recruited

by HP1 proteins to heterochromatin, they compete

with each other to regulate histone turnover [64].

Fft3 is a chromatin remodeling protein homologous

to SMARCAD1 in humans and FUN30 in budding

yeast, and is required for heterochromatin integrity

[76]. It regulates heterochromatin maintenance, but

not establishment [77]. Fft3 is recruited to heterochro-

matin through Swi6 and associates with the replication

machinery. It is proposed that Fft3 reduces histone

turnover during DNA replication to prevent the accu-

mulation of RNA-DNA hybrids [77].

Facilitates chromatin transcription is a histone chap-

erone that maintains nucleosome structure during tran-

scription and replication [78]. FACT associates with

Swi6 and this association requires the nuclear rim pro-

tein Amo1 and the RNA processing Rix1 complex

(RIXC) complex. FACT, Amo1, and RIXC are all

required for heterochromatin maintenance, but dispens-

able for heterochromatin establishment [79–82]. The

tethering of heterochromatin to Amo1 at the nuclear

periphery may create a specialized domain with a higher

concentration of silencing proteins, which aids the

recruitment of FACT to suppress histone turnover [80].

While SHREC regulates histone turnover through-

out the cell cycle, Fft3 and Amo1-RIXC-FACT might

have more dedicated roles in suppressing histone turn-

over during DNA replication. As DNA replication

machinery requires the disruption of nucleosomes to

advance the replication fork, such forces may conse-

quently increase histone turnover rate. The combined

actions of these factors counteract disruptions caused

by DNA replication and preserves parental histones

for epigenetic inheritance. For example, sequences

adjacent to cenH at the mating-type region recruit

diverse factors to maintain low histone turnover rate,

therefore allowing heterochromatin inheritance even in

the presence of Epe1 [25–29].
The studies of heterochromatin in wild-type and

RNAi mutant cells all demonstrate that low turnover
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rate of parental histones is important for epigenetic

inheritance. The process that generates higher degree

of H3K9me3 is very slow in mammalian cells [83,84],

which might also be the case in fission yeast given that

Clr4 is inefficient in catalyzing H3K9me3 compared to

H3K9me2 [20]. Therefore, the parental histones need

to remain at their original locations for longer periods

to serve as the template for H3K9me3 inheritance.

Histone turnover and epigenetic
stability

Low histone turnover rate not only preserves existing

heterochromatin but also stabilizes ectopic heterochro-

matin. In certain cases, such ectopic heterochromatin

creates epigenetic alleles that allow cells to adapt to

environmental challenges.

In addition to large constitutive heterochromatin

domains, the fission yeast genome also contains smaller

regions of H3K9me2 scattered within the genome, ter-

med heterochromatin islands [85]. These islands are

dynamic and can frequently change in response to envi-

ronmental signals [85–87]. Mutations of the Mst2 com-

plex, INO80 complex, Epe1, and Paf1C all lead to

increased H3K9me levels at existing heterochromatin

islands, the expansion of H3K9me2 into neighboring

regions, and the formation of new ectopic heterochro-

matin islands [17,45,48,54,85]. Such expansion is espe-

cially dramatic when cells lose both Mst2 and Epe1,

leading to the inactivation of essential genes nearby and

growth arrest [54]. However, these cells quickly recover

by the formation of an ectopic heterochromatin island

at the clr4+ locus, which in turn downregulates the levels

of Clr4 to constrain heterochromatin domains in the

genome. When the formation of heterochromatin at the

clr4+ locus is blocked, cells accumulate heterochromatin

at the rik1+ locus, which encodes the Rik1 protein of

CLRC required for H3K9 methylation. Given that inde-

pendent colonies form ectopic heterochromatin at the

same locus, it is conceivable that there are weak hete-

rochromatin initiation signals at these loci. In wild-type

cells, such heterochromatin islands are quickly erased

due to high histone turnover rate by the combined

actions of Mst2 and Epe1. However, when both proteins

are absent, these ectopic heterochromatin loci are stabi-

lized and selected as they are advantageous for cell

growth. Such epigenetic changes can be inherited

through mitosis and meiosis, conferring future genera-

tions’ greater resistance to heterochromatic stress [54].

Interestingly, when fission yeast cells are treated

with caffeine, the levels of Epe1 are reduced and a

shortened form of Mst2 is produced [88]. These

changes lead to the formation of an ectopic

heterochromatin at hba1+, leading to caffeine resis-

tance. Therefore, there are mechanisms that maintain

epigenetic stability through higher histone turnover

rate. When subjected to environmental challenges, cells

modulate these activities to stabilize heterochromatin,

leading to a pool of epigenetic alleles for the selection

of new traits and adaption to the environment.

Concluding remarks

The fission yeast has been instrumental in elucidating

the mechanism of heterochromatin assembly. The

advanced genetic tools allow clear distinction of estab-

lishment and maintenance steps to further dissect the

mechanism of epigenetic inheritance. The discoveries in

fission yeast and other systems firmly established

chromatin-based model of epigenetic inheritance: the

parental histones are equally deposited into both daugh-

ter strands at the original location after DNA replica-

tion, and the existing modifications on parental histones

recruit the enzymes to modify newly incorporated his-

tones. Recent studies in fission yeast also demonstrate

the role of low histone turnover rate in preserving the

parental histones during DNA replication for epigenetic

inheritance. Interestingly, in Neurospora crassa, hete-

rochromatin regions also show reduced histone turn-

over, which is dependent on the function of H3K9

methyltransferase, HP1 protein, and histone deacetylase

[89], suggesting that the role of low histone turnover in

epigenetic inheritance is conserved. Factors that regu-

late histone turnover not only are critical for maintain-

ing the epigenetic stability of the genome but also

provide ample opportunities for regulatory inputs to

change the epigenetic landscapes, allowing cells to adapt

to changing environmental conditions. It would be

interesting to examine how the activities of these factors

are regulated and whether mechanisms of epigenetic

inheritance are conserved in higher organisms.
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