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Abstract Heterochromatin is an epigenetically heritable and
conserved feature of eukaryotic chromosomes with important
roles in chromosome segregation, genome stability, and gene reg-
ulation. The formation of heterochromatin involves an ordered
array of chromatin changes, including histone deacetylation, his-
tone H3-lysine 9 methylation, and recruitment of histone binding
proteins such as Swi6/HP1. Recent discoveries have uncovered a
role for the RNA interference (RNAi) pathway in heterochroma-
tin assembly in the fission yeast Schizosaccharomyces pombe and
other eukaryotes. Purification of two RNAi complexes, RITS
and RDRC, from fission yeast has provided further insight into
the mechanism of RNAi-mediated heterochromatin assembly.
These discoveries have given rise to a model in which small inter-
fering RNA molecules act as specificity factors that initiate epi-
genetic chromatin modifications and double strand RNA
synthesis at specific chromosome regions.
� 2005 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
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1. Introduction

RNAi was initially defined by Fire et al. [1] as a process that

is triggered by double strand RNA (dsRNA) and silences the

expression of genes complementary to the dsRNA in Caeno-

rhabditis elegans. We now know that RNAi is conserved from

Fungi to mammals and is mechanistically related to other

RNA silencing processes previously described in Fungi and

plants, like quelling, co-suppression, and post-transcriptional

gene silencing (PTGS) [2,3]. The RNAi pathway plays impor-

tant roles in protecting the cell against viruses and repetitive

DNA elements [4] (also see Ding and Li in this issue). Further-

more, a wide variety of cellular processes such as the regulation

of development, growth, differentiation, apoptosis, and cancer

require the RNAi pathway [5,6] (Plasterk in this issue).

The initiation of RNAi-mediated silencing involves the pro-

cessing of double stranded RNA to small �22 nucleotide inter-

fering RNA (siRNA) by the ribonuclease III, Dicer [7]
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(reviewed by Hammond in this issue). Dicer also processes cel-

lular hairpin RNA, transcribed from the genome by RNA

polymerase II, into micro RNAs (miRNAs), which are similar

in size to siRNAs [5,8]. Both types of small RNAs then act as

specificity factors that guide effector complexes to complemen-

tary sequences. The RNA-induced silencing complex (RISC)

uses siRNAs and miRNAs to target corresponding mRNAs

for inactivation through either degradation or translational

repression [9]. In addition to this type of post-transcriptional

gene silencing, the RNAi pathway acts at the transcriptional

level (transcriptional gene silencing, TGS) by promoting

DNA or histone modifications leading to the assembly of a

repressive chromatin structure called heterochromatin [10–

12]. RNAi-mediated chromatin and DNA modifications play

important roles in genome stability by inhibiting undesired

recombination and mobilization of repetitive DNA elements

such as retrotransposons [4]. RNAi-mediated heterochromatin

formation is also required for proper chromosome segregation

as Swi6, a structural component of heterochromatin, recruits

the cohesin complex and promotes sister chromatid cohesion

at pericentromeric regions [13,14]. The role of RNAi in direct-

ing repressive chromatin or DNA modifications appears to be

conserved in Drosophila, plants, and mammals [15]. In addi-

tion, RNAi is involved in the massive and highly specific

DNA elimination that occurs in the somatic macronucleus of

the protozoa, Tetrahymena [16,17].

Studies in fission yeast have revealed a crucial role for com-

ponents of the RNAi pathway in heterochromatin assembly at

centromeres and the silent mating type loci [18,19]. Biochemi-

cal studies have identified the RNA-induced transcriptional

silencing (RITS) complex that uses siRNAs to target specific

chromosome regions for inactivation [20]. RITS also regulates

dsRNA and siRNA synthesis by recruiting an RNA-directed

RNA polymerase complex (RDRC) to sites of heterochroma-

tin assembly [21]. This review is primarily focused on how the

RNAi machinery mediates heterochromatin assembly in fis-

sion yeast. Other aspects of RNAi or links between RNAi

and heterochromatin in other organisms have been covered

in several excellent and recent reviews as well as in this issue

of FEBS (see [10,17,22,23]).
2. Chromosomal targets of RNAi

Schizosaccharomyces pombe heterochromatin is known to be

present at centromeres, telomeres and the mating type region.

S. pombe centromeres span over 35–110 kb of DNA. The

central core region (cnt) of the centromere has a unique
blished by Elsevier B.V. All rights reserved.

mailto:andre_verdel@hms.harvard.edu 
mailto:Verdel),�danesh@hms.harvard.edu 
mailto:Verdel),�danesh@hms.harvard.edu 


Fig. 1. DNA and chromatin organization of fission yeast centromeres,
the mating type locus and telomeres. (A) Centromeres: All three S.
pombe centromeres share a common organization, containing a central
core domain (cnt, green), juxtaposed by innermost (imr, open arrows)
and outermost (otr) repeats; imr DNA sequence is quasi identical on
both side of a centromere, but different from one centromere to
another, and contains tRNA genes (asterisk) ,otr DNA contains
tandem dh and dg repeats (dark and light brown, respectively). The
number of dh and dg repeats and their orientation varies from one
centromere to another; only one copy of dh and dg is present on both
sides of centomere 1 (shown in A), whereas centromeres 2 and 3 (not
shown) have from one to seven repeats on each side. (B) The mating
type locus: This region contains a domain known as cenH, which is
about 3 kb in size and shares over 96% identity with a dh/dg
centromeric repeat. Mating type heterochromatin spans over a 10 kb
DNA region that encompasses Mat2P and Mat3M. (C) Telomeres:
Sequencing of telomeric DNA regions has not yet being completed,
triangles denote telomeric DNA repeats, DNA fragments with high
identity (97%) to centromeric dh repeats are present in two identical
copies of a gene present in subtelomeric region (dark grey rectangular
box) on the left arm of chromosome 1 and the right arm of
chromosome 2. The rDNAs repeats, which are a target of RNAi, are
found next to the subtelomeric regions of chromosome 3.
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DNA sequence for each centromere and is flanked by two

types of repeated DNA, the innermost (imr) and outermost

(otr) repeats (Fig. 1). The otr region itself is composed of

two types of repeat sequences called the dg and dh repeats.
Table 1
Conservation of fission yeast RNAi components in other organisms. Protei
presented for C. elegans, A. thaliana, Drosophila and human

S. pombe C. elegans A. thaliana D

Dcr1 Dcr-1 Dcl-1 to -4 D
Chp1 (–) (–) (
Tas3a (–) (–) (
Ago1 Rde1, Alg-1 and -2, Prg-1 and -2b Ago-1 to -10 A
Rdp1 Ego1, Rrf-1 to -3 Rdr-1 to -6 (
Hrr1 ZK1067.2 c G
Cid12 Rde3d d d

(–) no apparent homolog.
aTas3 shares potentially significant homology with a mouse ovary testis tran
bC. elegans has a total of 24 Argonaute genes.
cS. pombe Hrr1 is closely related to another pombe gene SPAC16C9.06c, e
elegans, Drosophila and human each have one gene related to both the S. pomb
possess only genes that are more closely related to SPAC16C9.06c.
dCid12 belongs to a large family of protein, which are conserved from ye
oligoadenylate synthetases, and Trf4/5 like nucleotidyltransferases.
Mutations in components of the RNAi pathway lead to loss

of heterochromatin at centromeres, and accumulation of sense

and anti-sense transcripts that originate from the dg/dh regions

[18].

S. pombe has only one gene for each of the key RNAi pro-

teins: Dicer (Dcr1), a ribonuclease III-like enzyme that cleaves

long dsRNAs into siRNAs; Argonaute (Ago1), which binds di-

rectly to siRNA; and an RNA-directed RNA polymerase

(Rdp1), which synthesizes dsRNA from an RNA template

(Table 1). Deletion of dcr1+, ago1+ or rdp1+ leads to loss of

silencing of a reporter gene integrated at a centromere, as well

as absence of H3-K9 methylation and recruitment of Swi6 [18].

Furthermore, Rdp1 localizes to centromeric DNA and RNA

in immunoprecipitation experiments [18,21,24]. These results

suggest that transcription of sense and anti-sense RNA from

centromeres produces dsRNA, which is then processed into

siRNA. Consistent with these observations, siRNAs comple-

mentary to the fission yeast centromeric DNA were identified

by sequencing of a library of small RNAs [25].

RNAi also contributes to the formation of heterochromatin

at other genomic regions. The mat2/3 mating type locus con-

tains a DNA region, called cenHomology (cenH), that shares

more than 96% identity with a portion of dh and dg centromeric

repeats (Fig. 1). Unlike centromeres, disruption of RNAi only

affects mating type heterochromatin when combined with dele-

tions of other genes [19,26]. This difference is explained by the

fact that two stress-response transcription factors, Atf1 and

Pcr1, work in parallel to RNAi to initiate heterochromatin for-

mation at the mat2/3 locus [26,27]. Therefore, to completely

block heterochromatin assembly at this locus, both pathways

need to be disrupted. These results highlight the fact that het-

erochromatin formation can occur both in an RNAi-dependent

and -independent manner. This might also be the case at telo-

meres. During normal meiosis telomeres cluster, but in RNAi

mutants this clustering is impaired suggesting that RNAi plays

a role in this process [28]. The subtelomeric regions of the left

arm of chromosome 1 and the right arm of chromosome 2 also

contain fragments of the dh centromeric repeat inserted in an

open reading frame [29] (Fig. 1). When RNAi is disrupted the

mRNA from this gene accumulates further supporting the idea

that RNAi plays a role at subtelomeric DNA regions [29]. On

the other hand, as for the mating type locus, disruption

of RNAi does not prevent the localization of hallmarks of
ns homologous to the characterized S. pombe RNAi components are

rosophila Human

cr-1 and -2 Dcr-1
–) (–)
–) (–)
go-1 to -3 Piwi, Aubergine/sting Ago-1 to -4, hPiwil -1 to -4
–) (–)
H20028p KIAA1404

d

scribed specific protein (NP_035152).

ncoding a protein involved in non-sense-mediated mRNA decay. C.
eHrr1 and SPAC16C9.06c, whereas the A. thaliana genome appears to

ast to mammals and include the classical polyA polymerases, 2 0–50
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heterochromatin like Chp1, Tas3, H3-K9 methylation, or Swi6

to telomeres, suggesting that an alternative pathway can initiate

heterochromatin assembly at telomeres [19,30]. Therefore, the

three main heterochromatic regions in S. pombe are under the

control of RNAi, but unlike centromeres, the mating type re-

gion and telomeres can maintain heterochromatin in the ab-

sence of RNAi. In addition, the highly repetitive ribosomal

RNA genes, which are located adjacent to telomeres of chro-

mosome 3, are a target of RNAi-directed histone H3-K9 meth-

ylation [31].

RNAi-dependent chromatin modifications seem to also take

place at genomic regions other than centromeres, telomeres,

and the mating type locus. In a recent comprehensive analysis

of RNAi targets in S. pombe, several genes that are not associ-

ated with the known heterochromatic loci were identified as

possible targets for RNAi-mediated chromatin silencing [31].

Therefore, as is the case with RNAi-mediated transcriptional

silencing of transgenes and some endogenous loci in Arabidop-

sis [32], RNAi-mediated heterochromatin assembly may regu-

late individual genes in S. pombe. Finally, RNAi-mediated

heterochromatin modifications can also be artificially induced

at normally euchromatic chromosome regions by the introduc-

tion of short dsRNA molecules into plant or animal cells [33–

36]. However, in S. pombe the expression of a hairpin RNA,

complementary to a GFP reporter gene, leads to the produc-

tion of siRNAs from the hairpin and silences GFP expression

at the post-transcriptional level, without any detectable effects

at the chromatin level [37]. These results suggest that in S.

pombe siRNAs may be unable to efficiently initiate de novo

chromatin modifications in trans.
3. RITS: an RNAi effector complex that uses siRNAs to initiate

heterochromatin assembly

The RITS complex was purified using an affinity tag on the

chromodomain protein Chp1 [20], which had previously been

shown to be a structural component of heterochromatin

[38,39]. In addition to Chp1, RITS contains the sole S. pombe

Argonaute protein, Ago1, a protein of unknown function,

Tas3, and siRNA molecules [20]. Tas3 and other components

of RITS are required for heterochromatic gene silencing, his-
Fig. 2. Models for targeting of specific chromosome regions by
an siRNA-programmed RITS. (A) RNA–DNA recognition model,
(B) RNA–RNA recognition model. DNA is in black, RNA in blue,
Nucleosomes in green, Methylated lysine 9 of histone H3 in red, RITS
complex in brown and Chp1 chromodomain is represented as a white
circle. See text for more details.
tone H3-K9 methylation, and recruitment of Swi6 to centro-

meres [20]. This complex therefore provides a direct physical

link between RNAi and heterochromatin assembly. Further-

more, RITS-associated siRNAs are complementary to centro-

meric DNA repeats, where heterochromatin assembly is

initiated [20]. In contrast to wild type cells, in dcr1D cells, in

which siRNAs are not produced, RITS no longer localizes to

centromeric repeats, and centromeric heterochromatin does

not form [20]. These results demonstrate that siRNAs are re-

quired for association of RITS with chromatin and suggest

that RITS uses siRNAs to target specific chromosome regions

(Figs. 2 and 3). Therefore, like RISC, RITS may use siRNAs

for target recognition, but unlike RISC, RITS acts in the nu-

cleus and initiates chromatin modifications. Whether RITS

has siRNA-dependent RNA cleavage activity and also medi-

ates nuclear PTGS remain to be determined.
4. siRNA-mediated recognition of specific chromosome regions

Two models have been proposed to explain how RITS tar-

gets specific chromosome regions [11,12,20] (Fig. 2). In the first

model, RITS-associated siRNAs directly base pair with DNA.

This mechanism would require the unwinding of the DNA

double helix to allow siRNA–DNA base pairing. In the second

model, RITS is recruited indirectly to chromatin by base pair-

ing interactions between siRNAs and nascent RNA transcripts

at the target locus. Recent results, discussed below, provide

evidence in favor of the nascent transcript model.

A direct prediction of the nascent transcript model is that

RITS should associate with transcripts at the target locus in

an siRNA-dependent fashion. RNA immunoprecipitation

(RIP) experiments show that RITS specifically associates with

non-coding centromeric RNAs but not with actin mRNA,

transcribed from a euchromatin gene [21]. And indeed, as for

RITS-chromatin interactions monitored by ChIP experiments,

the association of RITS with non-coding centromeric RNA is

Dicer- and therefore siRNA-dependent. RITS localization to

chromatin requires methylation of H3-K9 by Clr4 [40]. To ad-

dress if RITS-RNA interaction takes place on chromatin,

Motamedi et al. asked if Clr4, the H3-K9 histone methyltrans-

ferase, is also required for this RNA association. They found

that the association of RITS with centromeric RNAs does re-

quire Clr4, suggesting that these RNAs are chromatin-associ-

ated and very likely nascent transcripts [21].
5. RNA-directed RNA polymerase, dsRNA synthesis, and

heterochromatin

The generation of siRNA, which plays a central role in

RNAi-mediated heterochromatin formation, requires a source

of dsRNA. In principle, centromeric dsRNA could originate

from two different sources: (i) transcription of sense and

anti-sense RNA from both DNA strands and (ii) the synthesis

of a complementary RNA from an RNA template by an

RNA-directed RNA polymerase (RDR). Recently, the contri-

bution of each pathway to dsRNA synthesis in plants and fis-

sion yeast has been addressed. In plants, an RDR is required

for RNAi-mediated histone and DNA modifications, and is

thought to amplify siRNAs by an autoregulatory loop [3].

Fission yeast has one RDR, Rdp1, which associates with



Fig. 3. Model for chromosome-associated amplification of dsRNA. In this model, the RITS complex recruits RDRC to nascent transcripts in an
siRNA- and H3-K9 methylation-dependent manner, resulting in cis amplification of dsRNA. Trigger siRNA, presumed to be generated from the
processing of the dsRNA product of sense and anti-sense centromeric transcripts, cannot be detected in rdp1D cells, raising the possibility that Rdp1
is also involved in an early step in dsRNA synthesis (left side). Once RITS is loaded with siRNA it can target complementary nascent transcripts and
recruit RDRC to promote the synthesis of dsRNA in cis (right side). See text for details.
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centromeric heterochromatin [13]. Surprisingly, in rdp1D cells,

where dsRNA is still presumably produced by transcription of

both centromeric DNA strands, no siRNAs are detected in

RITS [21], or in total RNA Northern blots [41,42] (M. Bühler,

personal communication). The dsRNA synthesis activity of

Rdp1 therefore plays a primary role in producing siRNAs

[21]. One explanation for these results is that two distinct

mechanisms contribute to dsRNA generation in S. pombe. Ini-

tially, transcription of both centromeric DNA strands results

in the production of a low amount of dsRNA and siRNA.

These initial or ‘‘trigger’’ siRNA then recruit Rdp1 to homol-

ogous RNA transcripts, resulting in the amplification of

dsRNA and the production of larger amounts of siRNA.

Remarkably, this amplification step appears to occur in cis

(that is at the site where heterochromatin forms) and involves

the recruitment of Rdp1 by the RITS complex [21] (see Fig. 3

and below).

Additional insights into the mechanisms of Rdp1 recruit-

ment to chromatin and dsRNA synthesis come from the bio-

chemical purification and analysis of the Rdp1 complex [21].

The fission yeast Rdp1 is associated with two other proteins,

Hrr1, a putative RNA helicase, and Cid12, a putative polyA

polymerase, in a complex termed the RDRC [21]. In vitro,

RDRC has an RNA-directed RNA-polymerase activity, which

is required for siRNA generation and silencing in vivo [21,24].

Similar to what has been previously described for the Neuros-

pora crassa Qde1 [43], the in vitro RNA polymerase activity of

RDRC is independent of an RNA primer [21]. How then is

specific dsRNA synthesis achieved in vivo? RDRC physically

interacts with the RITS complex in an siRNA-dependent fash-
ion [21]. This siRNA-dependent association of RDRC with

RITS and their co-dependent localization to chromatin

[20,21,24] suggest that in vivo RITS may directly recruit

RDRC to the appropriate RNA template, providing specificity

(Fig. 3). However, whether or not the siRNA is directly in-

volved in priming Rdp1-dependent RNA polymerization is un-

known. dsRNA synthesis may involve direct extension from

the 3 0 end of the siRNA. Alternatively, the primary role of siR-

NA-programmed RITS may be to recruit RDRC to the target

RNA.

Although RDR enzymes are conserved in plants and C. ele-

gans, they appear to be absent in Drosophila and mammals. It

remains to be seen whether other polymerases, perhaps RNA

polymerase II, can in some instances use RNA as a template

and produce dsRNA. We note that the two S. pombe Rdp1-

associated proteins, Hrr1 and Cid12, belong to conserved

protein families that have members in larger eukaryotes,

including Drosophila and human (Table 1). It would be inter-

esting to know if Hrr1- and Cid12-like proteins in other organ-

isms are also associated with RNA or DNA-dependent

polymerases.
6. The recruitment of the histone H3-K9 methyltransferase Clr4

to chromatin and its role in siRNA production

Clr4 is a homolog of the human and Drosophila Suv39h

methyltransferases and is required for histone H3-K9 meth-

ylation during heterochromatin assembly in S. pombe. Fur-

thermore, Clr4 plays an important role in the regulation of
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siRNA synthesis. In clr4D cells, purified RITS contains little

or no siRNAs [21], and the level of centromeric siRNAs in

total RNA Northerns are similarly diminished [41](M. Büh-

ler, personal communication). The biochemical purifications

described above suggest that Clr4 regulates siRNA genera-

tion by promoting the association of RITS and RDRC with

target chromatin regions. By methylating H3-K9, Clr4 al-

lows RITS to efficiently bind to chromatin through interac-

tions with both the nascent transcript via siRNAs, and

methylated nucleosomes via the chromodomain of Chp1

(Fig. 3). We have proposed that this stable binding is re-

quired for RDRC recruitment and dsRNA synthesis. In sup-

port of this hypothesis, in clr4D cells, RITS and RDRC no

longer interact [21], and Rdp1 fails to associate with centro-

meric DNA or RNA [21,24]. Furthermore, mutations in the

chromodomain of Chp1 that disrupt its interaction with

methylated lysine K9 of histone H3 also dramatically reduce

the amount of siRNA in RITS [40]. These observations sug-

gest that dsRNA amplification occurs on the chromosome,

in cis, and is regulated by Clr4-dependent H3-K9 methyla-

tion [21] (Fig. 3).

Although RITS and the RNAi pathway act upstream of his-

tone H3-K9 methylation, it remains unclear how RNAi re-

cruits Clr4 to chromatin. Some clues into this problem come

from the identification of Clr4-associated proteins. Clr4 inter-

acts with the heterochromatin protein Rik1 [44], which, like

Clr4, is required for H3-K9 methylation and heterochromatin

formation [45]. Rik1 shares sequence similarity with, CPSF-A

and Ddb1, two nucleic acid-binding proteins. The C-terminal

245 amino acids of Rik1 are 30% identical and 47% similar

to the C-terminus of CPSF-A, a subunit of the cleavage poly-

adenylation specificity factor that is thought to recognize the

polyadenylation signal. Rik1 shares sequence similarity

throughout its entire length with Ddb1 (21% identity and

43% similarity), which is involved in recognition of UV-dam-

aged DNA. These sequence similarities raise the possibility

that Rik1 directly links the RNAi machinery to histone H3-

K9 methylation through the recognition of a specific nucleic

acid substrate generated during siRNA targeting of specific

chromosome domains. Possible targets in this speculative

model include the siRNA–nascent RNA hybrid, dsRNA gen-

erated by RDRC and polyadenylated by Cid12, or even an

siRNA–DNA duplex (Fig. 4).

Additional parallels between the mechanism by which Rik1

and Ddb1 are recruited to their substrates come from the

biochemical purification of a Rik1/Clr4 complex. In addition

to Rik1 and Clr4, this complex contains the Cullin4 (Cul4)

E3 ubiquitin ligase and two previously uncharacterized pro-

teins, named Cmc1 and Cmc2 (also called Raf1/Dos1 and

Raf2/Dos2), which are all required for H3-K9 methylation
Fig. 4. A speculative model for recruitment of the dsRNA amplifica-
tion machinery (RDRC) and the Rik1–Clr4–Cul4 complex to the
nascent transcript by the RITS complex. See text for details.
and heterochromatin formation [41,42,46]. These results sug-

gest that ubiquitination of an unknown substrate is required

for heterochromatin assembly in S. pombe. Like Rik1, the

Ddb1 protein also associates with the Cul4 ubiquitin ligase

[47,48]. It has therefore been speculated that the ubiquitin li-

gase activity of the Ddb1–Cul4 and Rik1–Cul4 complexes

may be similarly activated by recruitment to a specific nucleic

acid substrate, such as damaged DNA and an siRNA-depen-

dent structure (see above), respectively [41]. Clearly, our

knowledge of the interface between RNAi and chromatin

modifications is at a rudimentary stage, and many surprises

still await us.
7. RNA polymerase II and heterochromatin assembly

Recent studies suggest that the structural integrity of RNA

polymerase II (RNApII) is required for RNAi-mediated het-

erochromatin formation in S. pombe. A point mutation in

Rpb2, the second largest subunit of RNApII, disrupts siRNA

generation and histone H3-K9 methylation in centromeric

chromatin regions [49]. This rpb2 mutant has no major effect

on growth or general transcription profile, suggesting that

RNApII may play a specific role in RNAi-mediated hetero-

chromatin assembly [49]. Several RNA processing events,

such as proper capping and splicing, are coupled to RNApII

transcription [50]. One intriguing possibility is that a specific

RNA processing event is required for siRNA-mediated bind-

ing of RITS or recruitment of other components of the

heterochromatin assembly machinery. In addition to pre-

mRNA processing, several posttranslational histone modifica-

tions, such as H3-K4 methylation by the Set1 complex, are

mediated by enzymes that are physically associated with an

elongating RNApII [51]. Therefore, another possibility is that

histone H3-K9 methylation may be coupled to RNApII tran-

scription elongation. A role for a putative RNA polymerase in

RNAi has also been demonstrated in Arabidopsis, where RNA

polymerase IV (RNApIV) is required for RNAi-mediated

methylation of repetitive DNA elements [52–54]. RNApIV,

which is specific to plants, is most closely related to DNA-

dependent RNA polymerases. Although no activity for this

enzyme has yet been detected, RNApIV may be part of a sys-

tem that couples transcription to RNAi-mediated DNA meth-

ylation in plants.
8. Concluding remarks

Studies in S. pombe have shown that the RNAi pathway is

directly involved in assembly of heterochromatin at specific

chromosome regions. Remarkably, nascent RNA transcripts

at the target locus are physically associated with RNAi com-

plexes and may play a central role in the process by acting as

the recognition platforms for RITS as well as templates for

dsRNA synthesis by RDRC. It remains to be determined

whether the processing of dsRNA to siRNA by Dicer also oc-

curs on the chromosome, how RNAi complexes recruit his-

tone modifying activities such as Clr4 to chromatin, and

whether the targeting mechanism also involves base pairing

between siRNA and DNA. Finally, the role of RNAi in

directing chromatin modifications is broadly conserved (see

reviews by Herr, Chen, Plasterk, Zhu, Voinnet, Birchler,
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Grishok, Ding, and Aravin in this issue), suggesting that sim-

ilar complexes and mechanisms may direct chromatin modifi-

cations in other organisms.
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