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In Schizosaccharomyces pombe, the RNAi pathway is
required for the formation of pericentric heterochroma-
tin, proper chromosome segregation, and repression of
pericentric meiotic recombination. Here we demonstrate
that, when the activity of the histone H3 Lys 14 (H3K14)
acetyltransferase Mst2 is eliminated, the RNAi machin-
ery is no longer required for pericentric heterochromatin
functions. We further reveal that reducing RNA poly-
merase II recruitment to pericentric regions is essential
for maintaining heterochromatin in the absence of RNAI.
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Repetitive DNA elements are major components of most
eukaryotic genomes and are preferential sites for the
assembly of heterochromatin structures (Grewal and Jia
2007; Peng and Karpen 2008). Heterochromatin recruits a
myriad of proteins to control diverse processes such as
transcription, recombination, and chromosome segregation
(Grewal and Jia 2007). The formation of heterochromatin
requires the concerted actions of several histone-modifying
enzymes, which lead to methylation of histone H3 Lys 9
(H3K9me) and the subsequent recruitment of structural
proteins such as HP1 (Grewal and Jia 2007). Heterochro-
matin assembly also depends on the RNAi pathway, which
targets histone-modifying activities to repeat regions
(Matzke and Birchler 2005; Buhler and Moazed 2007;
Grewal and Jia 2007).

Extensively characterized in fission yeast (Supplemen-
tal Fig. S1; Buhler and Moazed 2007; Grewal and Jia 2007),
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RNAi-mediated heterochromatin assembly is triggered
by the generation of dsRNAs from repetitive DNA ele-
ments, which are then processed by the Dicer nuclease
into siRNAs. The siRNAs are loaded onto the ARC com-
plex (composed of the Argonaute protein Agol plus Arbl
and Arb2) and then the RITS complex (composed of Agol,
a chromodomain protein Chpl, and a GW domain protein,
Tas3) and guide RITS to nascent transcripts originating
from DNA repeats. RITS recruits the histone methyltrans-
ferase complex CLRC (composed of H3K9 methyltransfer-
ase Clr4, E3 ubiquitin ligase Cul4, Rikl, Rafl, and Raf2)
via Stcl to initiate H3K9me (Bayne et al. 2010), which
subsequently recruits the HP1 orthologs Swi6 and Chp2.
RITS also recognizes H3K9me via Chpl and recruits the
RDRC complex (composed of an RNA-dependent RNA
polymerase [Rdpl], a putative helicase [Hrrl], and a polyA
polymerase [Cid12]). RDRC promotes the production of
dsRNAs, resulting in a positive feedback loop that strength-
ens heterochromatin structures.

In fission yeast, the pericentric regions, subtelomeres,
and silent mating type region are major sites of hetero-
chromatin. All of these regions contain repetitive DNA
elements of a common origin and require functional RNAi
for heterochromatin establishment (Grewal and Jia 2007).
However, at the silent mating type region and subtelo-
meres, RNAI is not necessary for the subsequent mainte-
nance of heterochromatin due to the presence of redundant
RNAi-independent heterochromatin assembly pathways
(Grewal and Jia 2007). Interestingly, heterochromatin
maintenance at pericentric regions is RNAi-dependent,
although the mechanism of this maintenance is not clear
(Sadaie et al. 2004). Consequently, the loss of RNAi com-
ponents selectively disrupts pericentric heterochromatin,
making this region ideal for studying the mechanism
of RNAi-mediated heterochromatin assembly (Buhler
and Moazed 2007; Grewal and Jia 2007). Here we show
that RNAI is dispensable for pericentric heterochroma-
tin maintenance when a key histone-modifying enzyme,
Mst2, is absent. Our results further indicate that locally
limiting RNA polymerase II (Pol II) transcription is
critical for heterochromatin maintenance in the absence
of RNAI.

Results and Discussion

We recently identified a histone H3K14 acetyltransferase
complex containing the MYST family protein Mst2 as the
catalytic subunit (Y Wang and S Jia, unpubl.). Loss of Mst2
mildly strengthens silencing near telomeres, and mst24
cells are sensitive to Swi6 overexpression (Gomez et al.
2005), indicating an important yet functionally unclear role
for Mst2 in heterochromatin assembly. Since the loss of
many heterochromatin components results in increased
H3K14 acetylation (H3K14ac) levels at pericentric regions
(Sugiyama et al. 2007; Motamedi et al. 2008), we explored
whether the loss of Mst2 could bypass the requirement of
any components essential for heterochromatin function by
examining the expression of a reporter gene inserted at two
sites within the pericentric heterochromatin region of
chromosome I (otr::urad* and imr::ura4”) (Fig. 1A; Allshire
et al. 1995). The silencing of ura4® expression by het-
erochromatin enables cell growth on media contain-
ing 5-fluoroorotic acid (FOA), which is toxic to cells
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Figure 1. In mst2A cells, the RNAi machinery is no longer required
to stabilize pericentric heterochromatin. (A) A schematic diagram of
the centromere of chromosome I and the otr::ura4* and imr::urad4*
reporter genes. (B) Tenfold serial dilution analyses of indicated yeast
strains were grown on media with or without FOA to measure the
expression of ura4*. (N/S) Nonselective medium. (C) Chromatin
immunoprecipitation (ChIP) analysis of Swi6 and H3K9me levels
at otr::ura4*. DNA immunoprecipitated with Swi6é or H3K9me2
antibodies and from whole-cell extract (WCE) was analyzed by
competitive PCR. Fold enrichment is indicated in the graph below.
The numbers are averages of three biological repeats. Error bars
represent standard deviation.

expressing ura4”. The loss of RNAi components such as
Dicer (dcriA) leads to defective heterochromatin assem-
bly and a loss of silencing at these reporters (Fig. 1B). In-
terestingly, in mst2A dcr1A cells, the silencing of reporter
genes is significantly rescued (Fig. 1B) and heterochroma-
tin hallmarks such as H3K9me and Swi6 are considerably
restored at pericentric regions (Fig. 1C).

Pericentric heterochromatin is essential for the recruit-
ment of cohesin proteins to ensure proper chromosome
segregation during mitosis (for review, see Grewal and Jia
2007). In RNAi mutants such as dcriA, cells lose pericen-
tric heterochromatin and exhibit a variety of defects in
chromosome segregation, including an increased incidence
of lagging chromosomes, a high loss rate of a nonessential
minichromosome, and an increased sensitivity to the
microtubule-destabilizing agent thiabendazole (TBZ) (Fig.
2A-C; Hall et al. 2003; Volpe et al. 2003). All of these de-
fects are largely rescued in mst2A dcrlA cells, suggesting
that heterochromatin formed in mst2A dcriA cells func-
tions normally.

RNAI is also required for repression of meiotic recom-
bination around centromeres (Ellermeier et al. 2010). In
wild-type cells, there is essentially no meiotic recombi-
nation between two markers flanking the centromere of
chromosome IIT and ~125 kb apart (Fig. 2D; Ellermeier
et al. 2010). The recombination rate in this region is
elevated ~100-fold in the absence of RNAi (Fig. 2E;

Heterochromatin maintenance without RNAi

Ellermeier et al. 2010). Importantly, however, this high
recombination rate is strongly reduced in mst2A dcrlA
cells. The level of pericentric, meiosis-specific DNA double-
strand breaks (DSBs), which are essential for initiating
homologous recombination, is very low in wild-type cells,
but is significantly elevated in dcriA cells (Fig. 2F; Supple-
mental Fig. S2; Ellermeier et al. 2010). However, in mst24
dcr1A cells, the level of such DSBs is reduced to nearly
wild-type levels, demonstrating that the heterochromatin
formed in mst2A dcrlA cells is capable of inhibiting the
formation of meiosis-specific DSBs. Thus, all functions of
heterochromatin examined—reduction of gene expression,
faithful segregation of chromosomes, and repression of
meiotic recombination—are restored by the loss of Mst2
in the absence of RNAI.

Testing the generality of this suppression, we found
that mst2A suppressed the silencing defects and TBZ
sensitivity of all RNAi mutants examined, such as those
in ARC (agolA, arblA, and arb2A), RITS (agolA and
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Figure 2. Loss of Mst2 bypasses the requirement of the RNAi
machinery for pericentric heterochromatin functions. (A) Cells
growing exponentially were stained with DAPI to visualize DNA
and with a TAT1 antibody to visualize tubulin. The percentages of
cells with lagging chromosomes (indicated by arrows) at late
anaphase were determined microscopically (n = 100). (B) The loss
rate of a nonessential minichromosome, Ch16, was measured. The
total number of colonies counted is indicated at the top of each
column. (C) Tenfold serial dilution plating assays were performed to
measure the sensitivity of cells to TBZ. (D) Schematic diagram of the
construct used to measure meiotic recombination across the cen-
tromere of chromosome III. The ura4* and his3* genes were inserted
into the chkI* and near the mid1* loci, respectively (Ellermeier et al.
2010). (E) The rate of recombination was measured as the percentage
of spores that showed nonparental segregation of the ura4* and his3*
markers. The total number of colonies counted is indicated at the
top of each column. (F) Cells were induced for meiosis and harvested
at 0 h (—) and 5 h (+). DNA was extracted, digested with Bgll, and
analyzed for DSBs by Southern blot hybridization using a probe, as
indicated in D. Arrows indicate the unbroken Bgll fragment (~125
kb). The size difference of this fragment in dcrlA cells may reflect
recombination, meiotic or mitotic, between the outermost repeats
(Ellermeier et al. 2010). Meiosis-specific DNA fragments (bracket)
result from Recl2-dependent DNA breakage at specific sites around
cen3 (Ellermeier et al. 2010). Numbers below the gel are the percent
of total DNA broken at 5 h minus that at 0 h.
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chp1A), and RDRC (rdp1A and cid12A), and the recently
identified RNAi factors rshiA (Roguev et al. 2008) and
stc1A (Fig. 3A; Supplemental Fig. S3; Bayne et al. 2010).
However, mst2A had no effect in mutants lacking hetero-
chromatin components involved in histone modifications
or their recognition, such as those in the CLRC (clr44,
rik1A, raf1A, and raf2A), HP1 homologs (swiéA and chp24),
the SHREC complex (cIr3A and mit1A) (Sugiyama et al.
2007), or histone deacetylase sir2A (Fig. 3B). These results
suggest that Mst2 specifically affects heterochromatin
assembly mediated by RNAI.

RNAi is required for both the establishment and
maintenance of heterochromatin at pericentric regions
(Sadaie et al. 2004). To distinguish whether mst2A dcriA
rescues heterochromatin establishment or maintenance,
we pulse-treated cells with the histone deacetylase in-
hibitor trichostatin A (TSA) to erase pre-existing hetero-
chromatin structures (Fig. 3C; Ekwall et al. 1997; Jia et al.
2004). We then examined the re-establishment of hetero-
chromatin as cells recovered. In both dcriA and mst24
dcrlA cells, silencing at otr::ura4* was not re-established,
and H3K9me2 and Swi6 remained delocalized from
pericentric regions (Fig. 3C). To further examine
the effect of mst2A4 dcrlA on heterochromatin
establishment, we introduced clr4* into a mst2A
dcrlA clrdA otr::ura4* strain by a genetic cross
(Fig. 3D; Hall et al. 2002; Bayne et al. 2010). The
resulting mst2A dcrlA otr::ura4* strain could not
re-establish silencing, at least within the time
between spore germination and the assay, as in-
dicated by the loss of growth on FOA media as
well as diminished levels of H3K9me and Swib6 at
pericentric regions (Fig. 3D). Thus, loss of Mst2
bypasses the requirement of the RNAi pathway
for maintaining, but not for establishing, peri-
centric heterochromatin.

Because the Mst2 complex is a specific histone
H3K14 acetyltransferase (Y Wang and S Jia,
unpubl.), we next examined whether the enzy-
matic activity of Mst2 is required to bypass RNAi
defects. We found that the catalytically inactive
mutant of Mst2 (E274Q) and null mutants of Mst2
complex components essential for its activity, such
as Ntol and Ptf2 (Y Wang and S Jia, unpubl.), also
suppress RNAi mutant phenotypes in transcrip-
tional silencing and TBZ sensitivity (Fig. 4A). In
contrast, null mutations of two Mst2 complex
components not required for acetyltransferase ac-
tivity (Ptfl and Eaf6) failed to suppress RNAIi
defects (data not shown).

Since H3K14ac is correlated with gene tran-

scription in diverse organisms (Pokholok et al.
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Figure 3. Loss of Mst2 bypasses the requirement of the RNAi machinery for
heterochromatin maintenance, but not for its establishment. (A, B) Tenfold serial
dilutions of the indicated yeast strains were grown on media with or without
FOA to measure the expression of otr::ura4*. (C,D, top) Schematic diagrams of the
experimental design to examine heterochromatin establishment. (Middle) Tenfold
serial dilutions of the indicated yeast strains were spotted onto media with or
without FOA to measure the expression of otr::ura4”. (Bottom) ChIP analysis of

H3K9me2 and Swib levels at otr::ura4*.
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2005; Wang et al. 2008), we performed microarray
analysis to examine whether the ability of mst24
dcrlA cells to maintain heterochromatin is the
result of altered expression of genes encoding RNAi
and heterochromatin components. However, the
expression profiles of such genes were not signifi-
cantly altered (Supplemental Table S1). In addition,
we found that siRNAs are absent in mst2A dcr1A
cells, indicating that the rescue of silencing is not
a result of activating alternative small RNA-
producing pathways (Supplemental Fig. S4).

We hypothesized that the Mst2 complex directly
acetylates H3K14 at pericentric regions in the
absence of RNAj; i.e., that H3K14 acetylated by
Mst2 acts in cis at pericentric regions. As pre-
dicted, we found that H3K14ac levels at pericentric
regions are greatly reduced in mst2A dcri1A cells as
compared with dcriA cells (Fig. 4B). Also consis-
tent with our hypothesis, the Mst2 complex com-
ponent Ntol is enriched at pericentric regions in
dcrlA cells (Supplemental Fig. S5A). Since the
purified Mst2 complex is capable of acetylating
H3K14 irrespective of H3K9me status in vitro
(Supplemental Fig. S5B), our results suggest that
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Figure 4. Loss of the Mst2 complex reduces transcription at pericentric
heterochromatin in the absence of RNAi. (A) Tenfold serial dilutions of the
indicated yeast strains were spotted onto the indicated media to measure the
expression of otr::ura4* and the sensitivity to TBZ. (B) ChIP analysis of H3K14
acetylation levels at otr::ura4*. (C) ChIP analysis of Pol II levels at otr::ura4*. (D)
Real-time RT-PCR analysis of centromeric dh transcript levels. (E) ChIP analysis

of Flag-Clr4 levels at otr::ura4*.

RNAI functions to exclude Mst2 from heterochromatin
regions in wild-type cells rather than regulate its activity.
Mst2 functions redundantly with another histone ace-
tyltransferase, Genb5, to regulate global levels of H3K14ac
(Nugent et al. 2010; Y Wang and S Jia, unpubl.). However,
the loss of Gen5 did not suppress RNAi defects in either
transcriptional silencing, TBZ sensitivity, or repression of
meiotic recombination (Fig. 4A; Supplemental Fig. S6),
and pericentric H3K14ac levels were not reduced in gcn54
dcrlA cells as compared with dcriA cells (Fig. 4B). These
results suggest that the effects on pericentric heterochro-
matin function in the absence of RNAIi are unique to the
Mst2 complex. Because the H3K14R mutation abolished
Swi6 recruitment and silencing at pericentric regions
(Mellone et al. 2003), an effect not duplicated by fully
abrogating H3K14ac through enzymatic inactivation (Sup-
plemental Fig. S7), we could not definitively establish
whether H3K14 is the sole target of the Mst2 complex at
pericentric regions. Thus, although our results suggest
that it is highly likely that Mst2 directly acetylates H3K14
at pericentric regions in the absence of RNAI, it is possible
that Mst2 acetylates other substrates that indirectly affect
H3K14ac levels. Taken together, these results demon-
strate that RNAi-mediated heterochromatin assembly
excludes access of the Mst2 histone acetyltransferase
complex to prevent H3K14ac at pericentric regions.
Consistent with the fact that H3K14ac levels are posi-
tively correlated with transcription rates (Pokholok et al.
2005; Wang et al. 2008), we found that both Pol II protein
levels at pericentric regions and pericentric transcript
levels were high in dcriA cells, but were significantly
reduced in mst24 dcr1A cells (Fig. 4C,D; Supplemental Fig.
S8A). Increased gene transcription, such as that in dcriA
cells, might result in nucleosome displacement as well as
altered nucleosome modifications (Dion et al. 2007; Li
et al. 2007). This could, in turn, affect the localization of
the CLRC complex, which binds to pre-existing H3K9me
to facilitate heterochromatin spreading and maintenance
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(Zhang et al. 2008). Indeed, the loss of Dicer leads to
the delocalization of CLRC components Clr4 and
Raf2 at pericentric regions (Fig. 4E; Supplemental
Fig. S8B). In contrast, in mst2A dcrlA cells, Pol IT
level is reduced and CLRC localization is restored
(Fig. 4C,E; Supplemental Fig. S8B). Transcription of
DNA repeats by Pol I during the S phase is required
for the generation of siRNAs through the RNAi
pathway, which targets histone-modifying activi-
ties to heterochromatic loci (Cam et al. 2009), and
mutations in Pol II subunits result in defective
heterochromatin assembly (Djupedal et al. 2005;
Kato et al. 2005). However, mutations in the Mst2
complex have little effect on the stability of peri-
centric heterochromatin (Figs. 1, 2; Gomez et al.
2005), and the Mst2 complex does not show cell
cycle-dependent localization at pericentric regions
(Supplemental Fig. S9). Thus, it is unlikely that
Mst2 affects S-phase-specific transcription of peri-
centric repeats in the presence of RNAI.

A recent large-scale epistasis analysis showed
that RNAi mutants exhibit positive genetic in-
teractions with mutations of the Mst2 complex,
the RNA polymerase Mediator complex, the gen-
eral transcription machinery, and a JmjC domain
protein, Epel (Roguev et al. 2008). Epel promotes
the localization of Pol II to heterochromatin (Zofall
and Grewal 2006), and epelA dcr1A cells can also maintain
pericentric heterochromatin structures (Trewick et al.
2007). This suggests that limiting the access of Pol II to
pericentric repeats by independent means can alleviate
defects in heterochromatin maintenance associated with
the loss of RNAI.

To further test this suggestion, we examined the effect
of deleting a Mediator complex component (pmc24) on
RNAi-mediated heterochromatin maintenance. We found
that pmc2A dcrlA cells also maintain silencing of otr : :ura4*
to some extent (Fig. 5A). Furthermore, there are higher
levels of heterochromatin marks such as H3K9me and Swi6
proteins in pmc2A dcrlA cells than in dcr1A cells (Fig. 5B).
In addition, pmc2A dcriA cells partially rescue TBZ sensi-
tivity associated with dcr1A (Fig. 5A). However, pericentric
heterochromatin in pmc2A dcrlA cells is not as stable as in
mst2A dcrlA cells, and silencing gradually deteriorates
during passages (S Jia, unpubl.).

We thus further examined the stability of the silenced
states with an otr::ade6* reporter gene, the silencing of
which results in the formation of red colonies when cells
are grown in low-adenine medium. The culture of freshly
made pmc2A dcrlA cells contains a mixture of red and
white colony-forming cells, indicating silenced and ex-
pressed states of ade6®, respectively (Fig. 5C), demon-
strating that pmc2A dcrlA cells can maintain heterochro-
matin structures. While further growth of red cells gives
rise to both red and white cells, white cells cannot revert to
red cells (S Jia, unpubl.), indicating that these cells maintain
heterochromatin only partially, but cannot re-establish
heterochromatin once lost. As a result, the proportion of
pmc2A dcrlA cells that retains silencing is gradually
reduced upon continued growth (S Jia, unpubl.). The
effect of pmc2A dcrlA on transcription at pericentric
regions is weaker than that of mst2A dcrlA (Supple-
mental Fig. S10). Thus, it seems that the ability to
maintain heterochromatin in the absence of RNAI is
correlated with the extent of reduction in RNA Pol II
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Figure 5. Loss of RNA Pol II Mediator component Pmc2 bypasses the re-
quirement of the RNAi machinery for heterochromatin assembly. (A) Tenfold
serial dilutions were performed to measure the expression of otr::ura4* and the
sensitivity to TBZ. The pmc2A dcrlA otr::urad” strain was generated by crossing
a pmc2A dcrlA strain with an otr::ura4* strain, and freshly germinated cells were
used for serial dilution assays and ChIP analysis. (B) ChIP analysis of H3K9me2
and Swi6 levels at otr::urad*. (C) The pmc2A dcrlA otr::ade6* strain was
generated by crossing a pmc2A dcrlA strain with an otr::ade6® strain, and 10-
fold serial dilutions of freshly germinated yeast cells were spotted onto low-
adenine media (YE) to measure the expression of otr::ade6*. (D) A model of
heterochromatin maintenance in the absence of RNAi-mediated heterochroma-
tin establishment. (Top) In wild-type cells, S-phase-specific transcription results
in the production of siRNAs and continued recruitment of CLRC to pericentric
regions to reinitiate heterochromatin assembly. In addition, pre-existing H3K9me
(blue flags) is distributed randomly into newly replicated DNA during DNA
replication, which helps recruit CLRC to methylate newly deposited histones,
resulting in inheritance of this epigenetic state. (Middle) In RN Ai mutants, higher
levels of transcription result in the incorporation of histones without H3K9me or
with other modifications (red lollipops). Without RN Ai-mediated reinitiation, the
absence of “seed” H3K9me after DNA replication to recruit CLRC prevents
restoration of H3K9me patterns, and the heterochromatin state is not main-
tained. (Bottom) In the absence of RNAI, reducing transcription slows nucleo-
some turnover, allowing maintenance of H3K9me patterns after DNA replication
without continued reinitiation.

of pericentric heterochromatin is critical for estab-
lishing functional centromeres (Malik and Henikoff
2009; Buscaino et al. 2010). Despite their essential
functions, however, neither centromeric nor peri-
centric DNA sequences are evolutionarily con-
served (Malik and Henikoff 2009). In multicellular
eukaryotes, it has been suggested that meiotic
drive, in which asymmetry in female meiosis
leads to the retention of only one of four meiotic
products, promotes rapid coevolution of centro-
meric and pericentric DNA sequences (Malik
and Henikoff 2009). Fission yeast, which engages
in symmetrical meiosis, nevertheless has signifi-
cant differences of centromeric and pericentric
DNA organization even among different isolates
(Steiner et al. 1993). Thus, there must be additional
mechanisms responsible for the accelerated evo-
lution of centromeric and pericentric sequences.
The highly homogeneous and tandemly arranged
repetitive DNA elements common to pericentric
regions are best explained by extensive recombina-
tion (Peng and Karpen 2008; Talbert and Henikoff
2010). However, these repeats are preferred targets
for the assembly of heterochromatin, which strongly
represses recombination (Peng and Karpen 2008;
Ellermeier et al. 2010). Our data suggest that com-
peting forces, such as the Mst2 complex and the
RNAIi machinery, regulate heterochromatin stabil-
ity and thereby the efficiency of meiotic recombi-
nation at pericentric regions, which might permit
fine-tuned evolution of pericentric sequences.
Histone acetyltransferases in the MYST family are
highly conserved across species, making it plausi-
ble that similar mechanisms regulate the evolution
of pericentric heterochromatin in multicellular
eukaryotes.

Materials and methods

Fission yeast strains and genetic analyses

Yeast strains containing deletions of Mst2 complex components
(mst2A, ntolA, and ptf2A) and epitope-tagged versions of proteins
(N'tol-myc and Raf2-Flag) were constructed using a PCR-based
module method (Bahler et al. 1998). Strains containing deletions
of RNAi or heterochromatin components (arblA, arb24,
cid12A, rsh1A, stc1A, rik1A, raf1A, raf2A, swibA, chp2A, mit1A,
sir2A, and pmc2A) were purchased from Bioneer, verified via
PCR, and backcrossed. Genetic crosses were used to construct
all other strains. For serial dilution plating assays, 10-fold
dilutions of a log-phase culture were plated on the indicated
medium and grown for 3 d at 30°C. The loss rate of minichro-
mosome Chl6 was assayed as described previously (Hou et al.
2010). Meiotic recombination assays were performed as de-
scribed previously (Ellermeier et al. 2010). Tetrad analysis was
used to measure the recombination frequency. The generation of
DNA DSBs during meiosis was analyzed by Southern blot
hybridization as described previously (Ellermeier et al. 2010).

transcription. Altogether, these results support our
conclusion that reduced levels of RNA Pol II and
transcription are critical to maintaining heterochroma-
tin in the absence of RNAI (Fig. 5D).

Proper kinetochore assembly at centromeres is essen-
tial for accurate chromosome segregation (Allshire and
Karpen 2008; Malik and Henikoff 2009), and the integrity
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Chromatin immunoprecipitation (ChIP)

ChIP analysis was performed as described previously (Hou et al. 2010).
Immunoprecipitation was performed with H3K9me2 (Abcam), Swi6,
H3Kl14ac (Millipore), Pol II (8WG16, Covance), myc (Covance), or Flag
(Sigma) antibodies. DNA isolated from ChIP or whole-cell extract was
quantitatively analyzed by multiplex PCR with one primer pair amplifying
different-sized PCR fragments from otr::ura4* and the control ura4DS/E



minigene. The ratios of signal intensities were used to calculate relative
fold enrichment. Three biological repeats were performed for each ChIP
experiment, and error bars represent standard deviation unless otherwise
noted. Representative gels are shown.

RNA analyses

Total cellular RNA isolation, semiquantitative RT-PCR, and quantifica-
tion with real-time RT-PCR were performed as described previously (Hou
et al. 2010). Microarray analyses were performed as described previously
(Lyne et al. 2003). The gene expression profile of dcr1A (Hansen et al. 2005)
was also included for comparison. Northern blot of siRNAs was per-
formed as described previously (Partridge et al. 2007).
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