
1. HC organizing factors

Very often, constitutive heterochromatin (HC) is formed on repetitive DNA sequences.

Telomeres are formed by microsatellite repetitive sequences

A characteristic feature of the DNA sequence of constitutive HC found in pericentromeric

regions is that it is generally composed of long stretches of satellite repeats. 

The lengths of the repeats vary widely between species: from the 5- to 7-bp repeats of 

Drosophila to the 1950-bp repeat found in a HC island in Arabidopsis. 

The predominant satellite in human pericentromeric HC is the 171-bp  a-satellite repeat, 

which shows significant variation between chromosomes. 

Mouse pericentromeric heterochromatin is made up largely of the pancentromeric 234-bp 

-satellite repeat. 

Experimental: Tandem repeats of transgenes are often HC. 
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Model for the formation of telomeric 

heterochromatin. Black lines wrapped around 

nucleosomes represent DNA. 

Core telomeric heterochromatin in wild-type cells 

containing only a single genomic copy of SIR3. 

It is proposed that the RAP1-containing telosome 

folds back onto subtelomeric regions. In this 

manner, RAP1–SIR–histone interactions are all 

required for stability of the complex. 

Upon SIR3 overexpression, telomere position effect 

and the presence of SIR3 is extended up to 

some 16–20 kb from the telomere. SIR3 some 16–20 kb from the telomere. SIR3 

overexpression causes loss of some SIR4 and 

most SIR2 from the complex. Due to the 

interdependence of RAP1–SIR3–H4 interactions, 

and because all three SIR proteins are required 

for extension of heterochromatin by SIR3, it is 

proposed that the complex necessary for the 

initiation of heterochromatin formation 

requires RAP1, the SIR proteins and H4. 



Attività di Sir 2
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Genetic analysis in yeast for trans-gene suppression at telomeres and HMR 

mating locus identified several genes that, if expressed a little more or less, 

affect the extent of a phenomenon known how “Positional Effect Variegation” 

(PEV) that depends on the extent of the HC regions.
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RAP1 is the only one that binds DNA elements (C1-3A repeats)

RAP-1 C-terminal domain fused to GAL4 DBD can silence GAL4 element-

containing genes. 

In two-hybrid system, RAP-1 C-terminal domain interacts with SIR3 and SIR4

SIR3 is the limiting factor for chromatin spreading, i.e. increases the 

distance at which a trans-gene can be silenced.

SIR3 and SIR4 interact with H3 and H4 N-terminal domain in vitro.



Why does Sir2 utilize a high-energy 

substrate as NAD as the acceptor of 

acetyl moieties? Most other HDAC just 

use water!

Sir2 may represent a “sensor” of the 

metabolic status

Overexpression of Sir2 extends the 

lifespan in yeast and Caenorabditis 

elegans

Deletion of Sir2 gene consistently 

shortens lifespan in yeast

family   Sirtuins   (wikipedia)



One interesting aspect of all repetitive (heterochromatic) sequences is that 

they are transcribed at low frequency.

The same was seen in the centromeric regions of yeast, were rare The same was seen in the centromeric regions of yeast, were rare 

centromeric transcripts in both senses can be measured by common RNA 

expression methods (Northern, RT-PCR etc.).



At the beginning of 2000’s

when RNA interference was emerging

researchers wondered whether RNAi could have anything to do with silencing ...researchers wondered whether RNAi could have anything to do with silencing ...



Pericentromeric chromatin in fission yeast (S. pombe) 

reveals a role for RNA interference in HC maintenance



β-galh1 h2

h1 h2



Gene targeting by homologous recombination in yeast



Replacement of a gene with a 
version of the same gene that 
lacks important parts or 
carryes lethal mutations, 
abolishes the function of the 
gene.

The gene is now called “knock-
out”.

Since the yeast is diploid, his 
genotype will be YFG +/-
If aploid are produced and 
mutants isolated, a diploid YFG 
-/- mutants can be isolated.





How do small RNAs generated by the RNAi machinery 

initiate heterochromatin assembly in fission yeast ?





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



Localization of RITS to heterochromatin





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 immunoprecipitation 

(ChIP). A second complex containing the H3K9 methyltransferase Clr4 was also 

found to be recuited to nascent RNA.  All these proteins apperently co-exist at the 

same location.

How do we know this?

Today state-of-art

(Re-ChIP   insert)

In S. pombe, the RdRP enzyme (called RDRC) (not present in higher animals) is also 

localized to the centromere, thus suggesting a further amplification mechanism for 

centromeric 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-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, 

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 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.

Rdp1 to generate double-stranded RNA, 

which in turn is processed into siRNAs by 

Dcr1. 



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 

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.promoter.

(C and D) Paternal locus transcription of 

noncoding transcripts Kcnq1ot and Air 

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 

later erased in the 

inner cell mass

Senner, 2009, 19:122–126

Pluripotency 

programme 

represses Xist 

transcription





From: Senner, Current Opinion in 

Genetics & Development 2009, 

19:122–126  REVIEW



from Frasor, 2007



(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 (c) Model. Xist coating induces the 

formation of a transcriptionally silent 

repetitive compartment. As

genes 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





What about DICER ?




