
Ers1 links HP1 to RNAi 
Mathieu Rougemaillea,b , Sigurd Brauna,c,1 , Scott Coylea,1 , Phillip A. Dumesica,1 , Jennifer F. Garciaa,1 , Richard Stefan Isaaca,1 , 
Domenico Librib, Geeta J. Narlikara, and Hiten D. Madhania,2 

aDepartment of Biochemistry and Biophysics, University of California, San Francisco, CA 94158; bEuropean Associated Laboratories, Laboratory of Nuclear RNA 
Metabolism, Centre de Génétique Moléculaire, Centre National de la Recherche Scientifique, Unité Propre de Recherche, 3404 Gif-sur-Yvette, France; and 
cButenandt Institute of Physiological Chemistry, Ludwig Maximilians Universität München, 81377 Munich, Germany 

Edited* by Jasper Rine, University of California, Berkeley, CA, and approved May 28, 2012 (received for review March 23, 2012) 

Pericentromeric heterochromatin formation is mediated by repres-
sive histone H3 lysine 9 methylation (H3K9Me) and its recognition 
by HP1 proteins. Intriguingly, in many organisms, RNAi is coupled 
to this process through poorly understood mechanisms. In Schiz-
osaccharomyces pombe, the H3-K9 methyltransferase Clr4 and the 
heterochromatin protein 1 (HP1) ortholog Swi6 are critical for 
RNAi, whereas RNAi stimulates H3K9Me. In addition to the endor-
ibonuclease Dcr1, RNAi in S. pombe requires two interacting pro-
tein complexes, the RITS complex, which contains an Argonaute 
subunit, and the RDRC complex, which contains an RNA-depen-
dent RNA polymerase subunit. We previously identified Ers1 (es-
sential for RNAi-dependent silencing) as an orphan protein that 
genetically acts in the RNAi pathway. Using recombinant proteins, 
we show here that Ers1 directly and specifically interacts with 
HP1/Swi6. Two-hybrid assays indicate that Ers1 also directly inter-
acts with several RNAi factors. Consistent with these interactions, 
Ers1 associates in vivo with the RITS complex, the RDRC complex, 
and Dcr1, and it promotes interactions between these factors. Ers1, 
like Swi6, is also required for RNAi complexes to associate with 
pericentromeric noncoding RNAs. Overexpression of Ers1 results 
in a dominant-negative phenotype that can be specifically sup-
pressed by increasing levels of the RDRC subunit Hrr1 or of Dcr1, 
further supporting a functional role for Ers1 in promoting the 
assembly of the RNAi machinery. Through the interactions de-
scribed here, Ers1 may promote RNAi by tethering the correspond-
ing enzyme complexes to HP1-coated chromatin, thereby placing 
them in proximity to the nascent noncoding RNA substrate. 

Heterochromatin is a specialized form of DNA packaging that 
plays numerous critical roles in chromosome biology. How-

ever, the mechanisms that drive its assembly remain poorly 
understood. In fission yeast Schizosaccharomyces pombe, het-
erochromatin is assembled on pericentromeric repeats, sub-
telomeric regions, and the silent mat2/3 mating type locus (1, 2). 
Establishment and maintenance of heterochromatin at these 
sites depend on histone-modifying enzymes, histone marks, and 
histone-binding proteins. Among the histone-modifying enzymes 
is the histone methyltransferase, Clr4, the ortholog of Drosophila
melanogaster and mammalian SU(VAR)3-9 enzymes (1, 2). Clr4 
catalyzes methylation of histone H3 lysine 9 (H3K9me), an es-
sential heterochromatin mark that serves as a docking site for the 
chromodomain-containing HP1 proteins Swi6 and Chp2 (1, 2). 
Surprisingly, many sites of heterochromatin formation corre-
spond to sites that serve as templates for RNAi. Pericentromeric 
dh and dg repeats, for instance, are transcribed by RNA poly-
merase II, converted into double-stranded RNA by an RNA-
dependent RNA polymerase (Rdp1), and processed into siRNAs 
by a Dicer enzyme (Dcr1) (1, 2). Remarkably, RNAi requires the 
formation of heterochromatin. Loss of Clr4 or of Swi6 results in 
a loss of  siRNAs (3–5). RNAi also promotes, but is not essential 
for, H3K9Me (6). Precisely how the formation of heterochromatin 
promotes RNAi is unclear. A complex called RITS was identified, 
which contains an Argonaute protein, Ago1, a chromodomain 
protein, Chp1, which recognizes the H3K9Me mark, and a GW 
protein called Tas3, which links the two proteins together (5, 7). 
The RITS complex interacts with a second three-protein 
complex called RDRC, which contains an RNA-dependent 

RNA polymerase subunit (Rdp1), a helicase subunit (Hrr1), 
and a noncanonical polyA polymerase subunit (Cid12) (3). It was 
suggested that the recruitment of Ago1 to sites of H3K9Me 
mediated by the Chp1 subunit of RITS could explain the cou-
pling between H3K9Me and RNAi (5, 7). However, although the 
components of RITS are each individually required for RNAi, 
disruption of the RITS complex by mutating the interaction in-
terface of Ago1 and Tas3 revealed that a dramatic reduction in 
the interaction does not impact RNAi (8). These data, together 
with the known requirement for the HP1 protein Swi6 in siRNA 
accumulation, suggest that additional links between hetero-
chromatin and the RNAi machinery likely exist. 
Previously, we genetically identified a factor required for 

S. pombe silencing that we named Ers1, a 957-amino-acid 
protein with no obvious homologs outside the genus Schizo-
saccharomyces and no identifiable domains (9). This factor 
was independently identified by others and named Rsh1 (10) 
(for simplicity, we will refer to it as Ers1 here). We demon-
strated that Ers1 is required for silencing at centromeres, but 
not at the mating type locus and telomeres, consistent with 
a role in RNAi-dependent heterochromatin formation (9). 
Ers1 is needed for proper levels of H3K9 methylation as well 
as the recruitment of the RITS complex to centromeres (9). 
Deletion of ers1+ also triggers accumulation of noncoding 
centromeric transcripts and a defect in siRNA production (9). 
High-throughput analysis demonstrated that ers1+ behaves 
genetically in a manner similar to silencing factors (10). 
However, whether Ers1 functions directly in the RNAi-dependent 
pathway of heterochromatic silencing has not been established. 

Here we show that Ers1 plays a direct role in silencing by 
interacting with Swi6 and with several components of the RDRC 
and RITS complexes. We also demonstrate specific in  vivo  asso-
ciations between Ers1 and pericentromeric noncoding RNAs, the 
RITS complex, the RDRC complex, and Dcr1. Moreover, we 
find that Ers1 is required for previously described associations 
between these complexes and for their associations with peri-
centromeric noncoding RNAs. Finally, we describe genetic 
studies that point to a functional role for Ers1 in activating the 
machinery responsible for the production of small RNAs. 
Through its interactions with Swi6 and RNAi factors, Ers1 may 
promote RNAi by tethering the corresponding complexes to 
HP1-coated chromatin, thereby placing the RNAi machinery in 
proximity to its nascent noncoding RNA substrate. 
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Results 
Ers1 Functions in the RNAi Pathway. To solidify the notion that Ers1 
functions in the RNAi pathway, we examined its role in silencing 
at the mat2/3 locus, where RNAi-dependent mechanisms act re-
dundantly with RNAi-independent mechanisms mediated by the 
Atf1–Pcr1 DNA-binding regulator (11). Like a dcr1Δ knockout, 
the ers1Δ mutation produces a silencing defect in cells lacking 
Pcr1 (Fig. S1). Ers1 is also required, like Dcr1, for silencing 
produced by tethering of Tas3 to ura4 transcripts (12) (Fig. S1). 
Unlike the case with Tas3, tethering of Ers1 was not sufficient to 
trigger silencing, although a reproducible increase in H3K9Me 
was induced by Ers1 in this context (Fig. S1). Presumably, the 
increase in H3K9Me does not reach a threshold required to 
trigger a robust reporter gene phenotype. 

Two-Hybrid Analysis Reveals Prominent Interactions Between Ers1 
and Swi6 and Between Ers1 and Tas3. To test whether Ers1 might 
interact with any of the six components of RITS and RDRC 
complexes, we cloned full-length cDNAs for each of these fac-
tors as both baits and preys for LexA-based Saccharomyces cer-
evisiae two-hybrid assays (13). We assayed the interactions using 
quantitative β-galactosidase assays and expressed the results as 
fold change over the empty-prey control (Table S1). Using a 
stringent fourfold cutoff, we detected interactions within the 
RITS and RDRC complexes (Fig. 1 A and D and Table S1). 
Specifically, we detected interactions between Chp1 and Tas3 
(RITS) and between Hrr1 and both Cid12 and Rdp1 (RDRC) 
(Fig. 1 A and D). We also detected interactions between Tas3 
and Cid12 and between Tas3 and Rdp1 (Table S1 and Fig. 1A). 
These new interactions may help to explain previous studies in-
dicating an association between these two complexes (3). As is 
not uncommon with two-hybrid assays, most interactions are only 
apparent in one bait–prey configuration. Unfortunately, we found 
no evidence for interactions involving Ers1 (Fig. 1A). Reasoning 

that such interactions may be masked in the full-length protein (a 
common cause of false-negatives in two-hybrid assays), we con-
structed eight bait and eight prey clones coding for fragments of 
the Ers1 protein (Fig. 1B) and assayed these against the RNAi 
factors as well as Swi6 and each component of the Clr4 complex 
(CLRC) (14–17), which are required for RNAi (Tables S2 and 
S3). Using the same cutoff, we identified an interaction between 
fragment 2 (amino acids 125–420) and full-length Swi6 and be-
tween fragment 3 (amino acids 393–561) and Tas3 (Fig. 1 B–D, 
indicated by ++). Several reproducible albeit weaker (below the 
fourfold threshold) interactions were identified between frag-
ments of Ers1 and components of the RDRC or Dcr1 (indicated 
by + in Fig. 1 B and D). 

Ers1 Interacts with Swi6 in Vitro and in Vivo. Because Swi6 can be 
made in recombinant form in Escherichia coli, we sought to test 
the Ers1–Swi6 interaction using purified proteins. We success-
fully expressed fragment 2 as a soluble maltose-binding protein 
(MBP) fusion. MBP–Ers1 fragment 2, but not MBP alone, spe-
cifically bound to beads containing His-Swi6-FLAG (Fig. 2A). 
Moreover, a mutation in the chromoshadow domain (CSD) that 
blocks Swi6 dimerization (18) resulted in reduced binding to 
Ers1, further demonstrating the specificity (Fig. 2A). We also 
attempted to use immobilized recombinant Swi6 to select Ers1 
from S. pombe cell extracts overexpressing full-length, FLAG-
tagged Ers1, and found that Swi6 beads but not control beads 
could select Ers1, but not a control protein (p34) from the extract 
(Fig. 2B). Thus, Ers1 is a direct Swi6-binding protein that func-
tions in the RNAi pathway. 
We were unable to detect association between Ers1 and Swi6 

in soluble S. pombe cell extracts using standard coimmunopre-
cipitation protocols. Because the interaction may be transient 
in vivo and because of the relatively low abundance of Ers1, we 
attempted to detect an interaction between an overexpressed 
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Analysis of interactions between Ers1 fragments and factors 
required for RNAi. Ers1 fragments are used as baits or prey to 
detect interactions with RITS, RDRC, Dcr1, and Swi6 by yeast 
two-hybrid. In the bait/prey column, Ers1 fragments are drawn 
to scale and the start and end positions of each fragment are 
denoted in amino acids. (C) Plate assays. β-Galactosidase plate 
assays of the strongest interactions with the Ers1 fragments 
are shown. Black denotes the prey; blue denotes the bait. Red 
boxes highlight the strong interactions between Swi6 and Ers1 
fragment 2 and between Ers1 fragment 3 and Tas3. (D) 
Summary of interactions. Arrows represent yeast two-hybrid 
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Ers1 and RNAi Factors Associate with Pericentromeric Noncoding 
RNAs in a Mutually Dependent Manner. The association of RITS 
and RDRC with pericentromeric transcripts can be detected 
using an RNA immunoprecipitation assay (RIP), which is 

Like other factors involved in RNAi, Ers1 is required for the 
association of the RDRC with Dcr1 and for the association of 
RITS with RDRC (Fig. 2H and Fig. S3G), but does not affect 
interactions between components of individual complexes (Fig. 
S3 H and I). Swi6 is not required for the association of Ers1 with 
components of the RDRC or Dcr1. However, we did observe 
a partial dependence on Swi6 for the association of Ers1 with the 
RITS component Tas3 (Fig. S3D), indicating that Ers1 and Swi6 
act cooperatively in this instance. Finally, Ers1 associates with 
Stc1 (Fig. S3F), another factor required for RNAi that has been 
proposed to physically link the RNAi machinery to the Clr4 
complex (20). 

these components reduces the interactions between these proteins 
(3, 19). In the case of Ers1, we found that it coimmunoprecipiates 
with Tas3 (RITS), Chp1 (RITS), Rdp1 (RDRC), Hrr1 (RDRC), 
and Dcr1 (Fig. 2 F and G and Fig. S3 C–E). In most cases, 
mutations that block RNAi (e.g., ago1Δ, dcr1Δ, and  rdp1Δ) or  
heterochromatin (e.g., clr4Δ) reduce these interactions, consis-
tent with a model in which the supercomplexes involved in this 
process assemble in a highly cooperative manner (Fig. 2G and 
Fig. S3 C–F). Strikingly, for Hrr1, the interaction with Ers1 is 
preserved in every mutant background tested and is resistant to 
DNase or RNase treatment of extracts, indicating a particularly 
robust interaction between Ers1 and this RNAi factor in vivo 
(Fig. 2F and Fig. S3B).
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tagged allele of Ers1 and endogenous Swi6. Indeed, we detected 
a specific interaction (Fig. 2C). This interaction was resistant to 
DNase and RNase treatement of extracts before immunopre-
cipitation (see Fig. S3A). Importantly, this Ers1–Swi6 association 
is disrupted when the region corresponding to fragment 2 is de-
leted from Ers1 (Fig. 2C). Correspondingly, the Swi6 interaction-
deficient Ers1 mutant is defective in centromeric silencing as de-
termined by reporter gene assays and RNA measurements (Fig. 2 
D and E). 

Ers1 Associates with RNAi Factors in Vivo and Is Required for the 
Assembly of RNAi Supercomplexes. Because we did  not have  
recombinant RNAi factors available, we tested the association 
of Ers1 with these components using a coimmunoprecipitation 
strategy in which the endogenous proteins were differentially 
epitope tagged (Fig. S2). Using this assay, previous studies have 
shown that RITS, RDRC, and Dcr1 mutually interact but that 
these associations are highly cooperative, such that lack of any of 

the indicated genotypes performed as in A. For Ers1-CBP-2×FLAG IPs, the 
associated transcript levels in ago1Δ, dcr1Δ, clr4Δ, and  swi6Δ cells have been 
normalized to mutants expressing untagged Ers1, because loss of silencing in 
these strains results in higher levels of cen RNAs and therefore show higher 
background RNA levels in the IP experiments. Error bars represent SD from 
three experiments. (C) Requirement for Ers1 and Swi6 for RITS and RDRC 
association with pericentromeric RNAs. RIPs were performed as in A on 
strains of the indicated genotypes. Diagram shows the enrichment of cen 
transcripts normalized to act1+ RNA levels and relative to untagged strains. 
Error bars represent SD from three experiments. 
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Suppressed by Overexpression of Dcr1 and Hrr1. Overexpression of 
proteins that exhibit multiple protein–protein interaction domains 
can result in a dominant-negative phenotype in which mass action 
results in the loss of functional complexes at the expense of par-
tially assembled complexes. Such behavior has been proposed to 
explain the dose sensitivity of signaling scaffolds. We observed 
that overexpression of Ers1 using the strong adh1 promoter 
(Fig. S4 A and B) produces a defect in pericentromeric reporter 
gene silencing (Fig. 4 A and B) and mat3 reporter gene silencing 
in pcr1Δ cells (Fig. S4C) and results in a decrease in pericentro-
meric H3K9Me (Fig. 4C) as well as in RITS binding to chromatin
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methodologically analogous to ChIP (19). Using this method, we 
found that Ers1, like the RDRC component Hrr1, associates with 
pericentromeric transcripts but not with a control RNA, U2 
snRNA, a component of the spliceosome (Fig. 3A). In contrast, an 
abundant U2 snRNP protein, Sap61, associates with U2 snRNA 
but displays no enrichment for pericentromeric transcripts (Fig. 
3A). Consistent with the cooperative nature of the assembly of 
RNAi supercomplexes, Ers1 does not associate with pericen-
tromeric transcripts in cells lacking Ago1, Dcr1, or Clr4 (Fig. 3B). 
Likewise, the association of RITS and RDRC components with 
transcripts is abolished in ers1Δ cells (Fig. 3C). Significantly, we 
found that Swi6 is also required for Ers1, the RITS complex, and 
the RDRC to associate with pericentromeric transcripts (Fig. 3 
B and C), supporting a pivotal role for Swi6 in the assembly of 
RNAi complexes in vivo. 

Rougemaille et al. 

(Fig. S4D). Remarkably, overexpression of Ers1 not only blocks 
the association of Rdp1 and Chp1 with pericentromeric non-
coding RNAs, it also inhibits its own association with these 
RNAs (Fig. 4D). Consistent with the thinking outlined above in 
which overexpression is anticipated to produce partially as-
sembled complexes, overexpression of Ers1 disrupts the asso-
ciation of RITS with  RDRC (Fig.  4E) and of RDRC with Dcr1 
(Fig. 4F), yet Ers1 still associates with each complex when 
assayed individually (Fig. 4 G and H). 
To further probe the mechanism behind the dominant-neg-

ative phenotype, we tested whether it could be suppressed by 
overexpression of another component, thereby presumably re-
storing the formation of functional RNAi complexes. We an-
alyzed the effects of overexpressing Rdp1, Hrr1, Cid12, Dcr1, 
Chp1, Tas3, and Swi6. Among these, only overexpression of the 
RDRC component Hrr1 and Dcr1 suppresses the Ers1 domi-
nant-negative phenotype (Fig. 5 A and B). The suppression by 
overexpression of Dcr1 is remarkable in that Dcr1 over-
expression itself produces a silencing defect (most evident at 
the RNA level; Fig. 5 A and B). Thus, overexpression of Ers1 
and Dcr1 mutually suppresses each other’s dominant-negative 
phenotype, suggesting a particularly close functional relationship 
between these proteins. In contrast, although overexpression of 
Cid12 using the act1 promoter produces a silencing defect, this 
phenotype is not suppressed by overexpression of Ers1 (Fig. 5 A 
and B). Overexpression of proteins was verified by immunoblot-
ting (Figs. S5 and S6). 
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Discussion 
Since the exciting discovery nearly a decade ago that RNAi is 
linked to H3K9Me, there has been a great deal of progress in the 
identification of the core protein complexes required for both 
H3K9Me and RNAi. However, how these activities are co-
ordinated is still not clear. A major breakthrough was the identi-
fication of the RITS complex, which contains both a high-affinity 
H3K9Me-binding module in the chromodomain of the Chp1 
subunit and the Argonaute protein Ago1 (5, 7). However, sub-
sequent work demonstrated that the disruption of the RITS 
complex by mutation of the Argonaute-binding GW hooks in 
Tas3 did not affect silencing or siRNA production (8). A defect 
for the Tas3–GW mutant was uncovered by disrupting the gene 
coding for the Clr4 histone methyltransferase and reintroducing 
the wild-type clr4 through a genetic cross (8). This phenotype 
revealed by this maneuver suggests a redundant role for RITS in 
connecting H3K9Me and RNAi that only becomes evident under 
sensitizing conditions. Consistent with this possibility, the HP1 
protein Swi6 was shown to be required for RNAi, offering an-
other avenue by which the H3K9Me and RNAi pathways could 
be connected (3, 4). Moreover, Swi6 was shown to be required 
for the recruitment of RDRC to chromatin (21). However, no 
physical link between Swi6 and the RNAi machinery had been 
identified. Our studies of Ers1 begin to clarify the connection 
between heterochromatin and RNAi. 
Before this work, it was unclear whether or not Ers1 partici-

pated directly in RNAi. The in vivo physical associations of Ers1 
with pericentromeric noncoding RNAs and RNAi components 
that we describe here strongly support a direct role in the pro-
cess. Furthermore, our two-hybrid studies provide evidence that 

Ers1 participates in protein–protein interactions with factors 
required for RNAi, the strongest being with Swi6 and Tas3. 
Additional interactions were observed with fragments of Ers1 
and components of the RDRC and Dcr1. We were able to re-
constitute the Ers1–Swi6 interaction with recombinant proteins 
produced in E. coli, defining a unique direct interaction between 
an HP1 protein and an RNAi factor in S. pombe. The only other 
such example described in eukaryotes is the direct interaction 
between Drosophila HP1a and the Argonaute superfamily pro-
tein Piwi (22). A comparison with our results indicates that, 
whereas the link between RNAi complexes and HP1 is generally 
highly conserved, the biochemical details of the linkage can differ 
significantly between species. Strict biochemical validation of the 
directness of the interaction of Ers1 with components of RITS 
and the RDRC will require the production of the corresponding 
proteins in soluble, recombinant form. Nonetheless, the unique 
ability of Hrr1 and Dcr1 overexpression to suppress the effect of 
Ers1 overexpression, the two-hybrid interaction data, and the 
coimmunoprecipitation data are together consistent with the view 
that Ers1 directly interacts with these proteins in vivo. The ability 
of Ers1 to interact with Hrr1 in mutant cells lacking Ago1, Dcr1, 
or Clr4 (Fig. 2F) further supports this notion. 
A parsimonious model would be that the Ers1–Swi6 in-

teraction helps to tether the three key RNAi components (RITS, 
RDRC, and Dcr1) to chromatin, thereby bringing the RNAi 
machinery into proximity to the nascent noncoding RNA sub-
strate. Because recruitment of the Chp1 component of RITS 
does not require Swi6 (6), the interactions between Ers1 and the 
RDRC/Dcr1 complex may be particularly important in terms of 
recruitment to chromatin. This view is particularly consistent 
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with our genetic suppression results. In addition, while this work 
was under review, an independent study by Hayashi et al. (23) 
showed that tethering of Hrr1 to centromeric regions can bypass 
the requirement for Swi6 in heterochromatin formation, further 
highlighting a role for HP1 in recruiting RDRC to chromatin. The 
Ers1–Swi6 interaction documented here also likely explains the 
previously described role for Swi6 in RNAi and the observation 
that Swi6 physically associates with centromeric transcripts in vivo 
(4). The associations of Swi6 may be cell-cycle regulated because 
pericentromeric heterochromatin has been shown to be tran-
siently disrupted to a degree and selectively transcribed during S 
phase at which time RNAi appears to be most active (24, 25). 
Curiously, mutation of a docking site for Swi6, lysine 9 of the H3 
tail, has differential effects on RNAi that depend on the region 
examined (26). Whereas siRNAs templated by the dh repeat 
absolutely require the H3K9Me mark for their accumulation, 
those derived from the dg repeat are much less dependent on 
H3K9Me. A possible explanation for the latter observation is the 
finding that a transcript-associated RNA export factor, Mlo3, is 
directly methylated by Clr4 and acts in parallel with H3K9Me 
to promote siRNA accumulation (27). Intriguingly, Mlo3 was 
identified as a protein associated with Swi6 in vivo (28), raising 
the possibility that Swi6 may dock to either a methylated histone 
or to a methylated nonhistone protein to nucleate the assembly 
of RNAi complexes on the transcript. Finally, because Ers1, but 
not Swi6, is required for the recruitment of RITS to chromatin 
(9), Ers1 likely also plays Swi6-independent roles promoting 
RNAi. In agreement with this, centromeric silencing triggered by 
the tethering of Hrr1 can bypass a requirement for Swi6, but not 
Ers1, indicating that the function of Ers1 is not limited to bridging 
HP1 to RDRC (23). 
An additional contact between the histone methylation and 

RNAi machineries is likely to be provided by the LIM domain 
protein Stc1. Stc1 has phenotypes similar to Ers1 in that it is 
required for the assembly of RNAi complexes and coimmu-
noprecipitates with the RITS complex (20). The direct binding 
partners of Stc1 are unknown as no recombinant protein or two-
hybrid studies with Stc1 have been reported. However, Stc1 has 
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been found to copurify with the CLRC complex, and, when 
artificially tethered to DNA, can trigger silencing independently 
of RNAi (20). On the basis of these observations, it has been 
proposed that Stc1 physically links RITS to the CLRC. Thus, 
at least three distinct adhesive links between the H3K9Me 
and RNAi pathways have emerged: one mediated by Stc1 that 
involves the CLRC complex, one mediated by RITS that requires 
the H3K9 methyl mark, and a third mediated by Ers1 that is 
mediated by direct binding to HP1/Swi6. Although much bio-
chemical work remains to be done to flesh out the mechanistic and 
structural details, the existence of such a multilayered network of 
interactions between the H3K9Me and RNAi pathways may ex-
plain how siRNA production in S. pombe is tightly restricted to 
those regions of the genome that are stably packaged into het-
erochromatin. Such a coupling may prevent normal cellular 
mRNAs from being subjected to destruction by erroneous RNAi. 

Methods 
Fission yeast strain cultivation and strain construction was performed using 
standard methods. Two-hybrid analysis was performed by mating bait and 
prey strains and performing both plate and liquid β-galactosidase assays. His-
tagged Swi6 was peformed in E. coli and purified using Cobalt-NTA affinity 
chromatography. Immunoprecipitation experiments were performed using 
moderate salt concentrations (200 mM KCl) on whole-cell extracts prepared 
by disruption of frozen cells. Standard ChIP, RNA immunoprecipitatoin, 
RT-qPCR, and immunoblotting methods were used. Fission yeast strains are 
available in Table S4, primers in Table S5, and yeast two-hybrid plasmids in 
Table S6. 

Detailed methods can be found in the SI Methods. 
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