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Inmany eukaryotes, siRNAs bound toArgonaute proteins
guide chromatin-modifying enzymes to complementary
loci, resulting in transcriptional gene silencing. Multiple
lines of evidence indicate that siRNAs base-pair with
longer RNAs produced at target loci, but the possibility
that siRNAs base-pair directly with DNA remains an
attractive hypothesis. In a recent study, Shimada et al.
(pp. 2571–2580) conducted experiments that address these
alternative hypotheses, yielding additional evidence that
fission yeast siRNA–Argonaute silencing complexes are
recruited to target loci exclusively via interactions with
nascent transcripts.

RNA-mediated transcriptional gene silencing is wide-
spread in eukaryotes. The process is particularly well
studied in Schizosaccharomyces pombe and Arabidopsis
thaliana, which have in common the fact that the requi-
site siRNAs are diced from double-stranded precursor
RNAs made via the combined actions of DNA-dependent
and RNA-dependent RNA polymerases. The siRNAs are
then loaded into Argonaute (Ago) proteins that nucleate
assembly of multiprotein silencing complexes at loci
that are complementary to the siRNAs (Holoch and
Moazed 2015; Wendte and Pikaard 2016).
In both S. pombe and A. thaliana, evidence indicates

that silencing complexes are brought into proximity of
chromatin through base-pairing interactions between
siRNAs and nascent RNAs generated at the target sites.
In yeast, these nascent RNAs are generated by RNA pol-
ymerase II (Pol II), whereas, in Arabidopsis, they are gen-
erated by Pol V, a plant-specific evolutionary derivative
of Pol II (Wendte and Pikaard 2016). Studies in both
organisms have demonstrated that target loci need to
be transcribed in order to be silenced and that Ago can
be coimmunoprecipitated in association with RNAs
derived from silenced loci (Motamedi et al. 2004; Irvine
et al. 2006; Wierzbicki et al. 2009; You et al. 2013). Shi-
mada et al. (2016) provide additional evidence that RNAs
generated at target loci, and not just the act of transcrip-

tion, are required for transcriptional gene silencing
(TGS). They engineered the production of siRNAs that
match intron sequences within a reporter transgene,
showing that intronic sequences placed near the 3′ end
of the transgene allow for efficient TGS. In contrast, relo-
cating the intron nearer the 5′ end of the target trans-
gene, where the intron is more rapidly removed by
cotranscriptional splicing, reduced the likelihood of
TGS. If Ago–siRNA complexes were recruited via direct
interactions with transcribing Pol II rather than Pol II
transcripts, one would not expect intron position to be
important.
The results of Shimada et al. (2016) also have important

implications with regard to the possibility of siRNA–

DNA base-pairing in TGS. In plants, the possibility of
siRNA–DNA interactions has been considered to explain
the precision of RNA-directed DNA methylation as well
as the observation that artificially induced siRNAs can
trigger DNA methylation of homologous transgene
sequences in the absence of detectable transcription of
the transgene (You et al. 2013). However, mutating active
site amino acids of Pol V abolishesmost TGS inArabidop-
sis, indicating a need for transcription, as in yeast (Wierz-
bicki et al. 2009). One can imagine a scenario in which
ssDNA generated during the process of transcription
might provide opportunities for siRNA binding. The dis-
placed nontemplate strand of the transcription bubble is
one possibility but is a transient and rapidly moving tar-
get. Persistent RNA–DNA hybrids, displacing one DNA
strand as an R loop, would generate longer-lasting ssDNA
targets and have been identified at sites of TGS in S.
pombe and correlated with the establishment of silencing
marks (Nakama et al. 2012).Moreover, RDM1, a TGS pro-
tein in Arabidopsis, is a ssDNA-binding protein in vitro,
inviting speculation that it might play a role in stabilizing
single-stranded regions associated with Pol V transcrip-
tion (Pikaard et al. 2012). With these considerations in
mind, the finding by Shimada et al. (2016) that splicing
of proximal intronic sequences reduces TGS strongly sug-
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gests that the base-pairing interactions are functionally
occurring with the nascent RNA and not the associated
DNA, where the intronic sequences are still present.
One can argue that the results do not formally rule out
the possibility that Ago–siRNA complexes initially bind
to nascent RNA but subsequently engage the correspond-
ing nontemplateDNA.Alternatively, onemight reconcile
the results from Shimada et al. (2016) with models of
direct siRNA–DNA interaction by envisioning that prox-
imal intron splicing disrupts R-loop formation that is
needed for direct siRNA–DNA base pairing to occur.
However, the simplest explanation is that Ago–siRNA
complexes are recruited to chromatin by binding solely
to nascent RNA transcripts.

Beyond the evidence for Ago–siRNA base-pairing with
nascent RNAs, protein–protein interactions with other
chromatin-binding proteins are also implicated in Ago
recruitment to chromatin. In S. pombe, nuclear Ago
exists in a complex with the Ago hook-containing pro-
tein Tas3 and the chromodomain protein Chp1. Chp1
binds to histones methylated on Lys9, thus recruiting
Ago complexes to the chromatin mark that the com-
plexes are required to maintain. In A. thaliana, Pol V
physically interacts with SUVH2 and SUVH9, which
bind methylated cytosines, and Ago can physically inter-
act with the Pol V largest subunit or the Pol V interactor
SPT5L (Holoch and Moazed 2015). Thus, in both organ-
isms, Ago participates in protein–protein interactions
with other chromatin-associated proteins at sites of
TGS. Artificially tethering Tas3 to nascent RNA in S.
pombe or tethering SUVH2 to DNA in A. thaliana is suf-
ficient to bring about establishment of histone H3K9
methylation or cytosine methylation, respectively, in
the absence of initiating siRNAs (Buhler et al. 2006;
Johnson et al. 2014). However, not all components of a
given silencing complex appear to be equally effective
at nucleating silencing, as the tethering of Chp1 or
Ago1 in S. pombe could not establish TGS de novo (Buh-
ler et al. 2006).

Understanding the relative importance of RNA–RNA
and protein–protein interactions in the establishment
and maintenance of histone or cytosine methylation
marks is clearly a question of ongoing interest. Future
efforts to biochemically dissect the timing and order of
siRNA–nucleic acid base-pairing interactions and interac-
tions between Ago and its interacting protein partners
will be needed to continue to decipher the complexities
of siRNA and Ago involvement in TGS.
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