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1.

At several loci there is transcription of ncRNA leading to 
heterochromatin formation and silencing

This suggests that mechanisms should exist linking these ncRNA to 
proteins that modify histones and DNA

In some cases, deletion of one component of the RNA interference 
pathway leads to defective heterochromatin establishment or spreading

2.
Heterochromatic domains and euchromaic domains are separated by 
“insulators” or “boundaries”

How do small RNAs generated by the RNAi machinery 
initiate heterochromatin assembly in fission yeast ?
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The Chp1  protein binds to centromeric repeats and is required for H3K9 methylation and 
for Swi6 (hu‐HP1 homolog) binding.

RITS complex
RNA‐induced Initiation of Transcriptional Silencing

Deletion of Dicer 
abrogate small RNA 
component of RITS
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Localization of RITS to heterochromatin
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Interaction of RITS with several chromatin‐modifying enzymes (Histone Methyl 
Transferases HMT, DNA Methyl Transferases DMT) was demonstrated using both 
co‐immunoprecipitation experiments and by showing binding of RITS together 
with HMTs and DMTs to the same regions of DNA, by chromatin 
i i it ti (ChIP)immunoprecipitation (ChIP).

(Re‐ChIP   insert)

In S. pombe, the RdRP enzyme (not present in higher animals) is also localized to 
the centromere, thus suggesting a further amplification mechanism for 
centromeric siRNAcentromeric siRNA. 

Figure 4 | Model showing RNAi-mediated 
heterochromatin assembly and silencing 
in S. pombe. Centromeric repeat (dg and 
dh) transcripts produced by Pol II are 
processed by the RNAi machinery, 
including the complexes
RITS and RDRC (which interact with each 
other and localize across heterochromatic 
regions). The slicer activity of Ago1 (a 
component of RITS) and the RNA-

Swi6 in yeast = HP1

The targeting of histone-modifying effectors, including the Clr4-containing complex, is thought to be mediated by 
siRNAs This process most probably involves the base-pairing of siRNAs with nascent transcripts but the precise

p )
directed RNA polymerase activity of Rdp1 
(a component of RDRC) are required for 
processing the repeat transcripts into 
siRNAs. The siRNA-guided cleavage of 
nascent transcripts by Ago1 might make 
these transcripts preferential substrates 
for Rdp1 to generate double-stranded 
RNA, which in turn is processed into 
siRNAs by Dcr1. 

siRNAs. This process most probably involves the base-pairing of siRNAs with nascent transcripts, but the precise 
mechanism remains undefined. siRNAs produced by heterochromatin-bound RNAi ‘factories’ might also prime the 
assembly of RISC-like complexes capable of mounting a classic RNAi response. Methylation of H3K9 by Clr4 is 
necessary for the stable association of RITS with heterochromatic loci, apparently through binding to the chromo-
domain of Chp1. This methylation event also recruits Swi6, which, together with other factors, mediates the 
spreading of various effectors, such as SHREC. SHREC might facilitate the proper positioning of nucleosomes to 
organize the higher-order chromatin structure that is essential for the diverse functions of heterochromatin, 
including transcriptional gene silencing. Swi6 also recruits an antisilencing protein, Epe1, that modulates hetero-
chromatin to facilitate the transcription of repeat elements, in addition to other functions. A dynamic balance 
between silencing and antisilencing activities determines the expression state of a locus within a heterochromatic 
domain.
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Figure 3. Silencing Transcripts at the 
S. pombe Centromere and Different 
Transcript-Mediated Silencing 
Systems

(A) S. pombe dg-imr transcript in 
centromere IL. The forward promoter
is silenced by constitutive transcription y p
and processing into siRNA of the 
reverse strand.

(B) The X inactivation center has 
several noncoding transcripts, and
transcription of Tsix silences the Xist 
promoter.

(C and D) Paternal locus transcription 
of noncoding transcripts Kcnq1ot and 
Air influences the expression ofAir influences the expression of 
overlapping and nonoverlapping
genes in the imprinted gene cluster at 
the telomeric end of mouse 
chromosome 7 and the Igf2r locus, 
respectively. Paternally expressed 
genes are colored blue, maternally 
expressed genes are colored red, and 
ubiquitously expressed genes are 
colored green.

repressive imprint

From: Senner, Current Opinion 
in Genetics & Development 
2009, 19:122–126
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From: Senner, Current Opinion in 
Genetics & Development 2009, 
19:122–126

from Frasor, 2007
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(a) Structure of the Xist gene with 
the conserved repeat regions 
labeled A–F. The A region (red) 
denotes the conserved A-repeat 
region essential for
gene silencing. 
(b) Combined RNA-immuno-( )
fluorescence on day 2 
differentiated female ES cells, 
showing the Xist-coated 
transcriptionally silent 
compartment which is enriched for 
H3K27me3. 
(c) Model. Xist coating induces 
the formation of a transcriptionally 
silent repetitive compartment. As

il d thgenes are silenced they are 
recruited into this compartment. A 
possible mediator for this 
internalization may be the matrix-
associated protein SATB1/2.

from Chow, Current Opinion in 
Cell Biology 2009, 21:359–366

review
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review

NATURE|Vol 447|24 May 2007|                                            pagg. 413-417



11/12/2009

11



11/12/2009

12

The 3C assay:
Chromosome Conformation Capture

Find a protocol... and discuss it!


