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chromatin states establishment and 
maintenance 



Epigenetic inheritance 
 
- Mitotic inheritance 
 
- Trans-generational inheritance 



Your Review TextBook contains 
an important discussion on 
trans-generational transmission 
of epigenetic characters.  
 
This is not relevant to what we 
discuss today, but it will 
become very important for 
Lesson 4. 

Campos et al., 2014 



From Lesson 1, we have learnt that the epigenetic marks to histones, as 
well as CpG methylation, are reproduced over the new DNA (chromatin) 
after DNA chromatin) replication in a period of time that can extend to 
the next G1. 
 
 
 
 

Copying pre-existing meCpG and PTMs to new «naif» DNA 
and nucleosomes implies a general property of chromatin 
that we can call:   «spreading»   of chromatin states  
(by R/W/E complexes).  

maintenance 

The R/W/E  complex model 



Let’s examine some classical examples and knowledge from 
genetical research, quoted in many reviews and books. 

These are examples taken from older literature and model 
systems, are often quoted even simply by the acronym. 
Therefore, it is possibly better to see them and understand the 
underlaying principles, even when you won’t be required to tell 
about at the exam.  



 
 
 
The first data concerns the historical concept in Genetics of the so-
called «positional effect variegation» (PEV ) in D. melanogaster 
(…and other model organisms). 
 
 
 
 
 
 
 
 
Drosophila ?  
Please note that Insects present very low levels of cytosine 
methylation. It has been mainly explained for transposon silencing. 



Translocation of the Drosophila white 
gene close to the centromere results in 
mosaic (variegated) expression in the 
eye.  
 
 

 
Insertion of transgenes into peri-
centromeric regions in mice gives 
expression in a proportion of cells from 
expressing tissues. Expression is clonally 
stable through multiple cell divisions but 
also undergoes stochastic switching 
between the active and inactive states.  
 

Insertion of the Ade2 gene into the 
telomeric region of Saccharomyces 
cerevisiae causes metastable silencing of 
the gene resulting in sectored colonies 
containing white (expressing) and red 
(nonexpressing) cells.  

PEV = Positional Effect Variegation Silencing effects of heterochromatin in 
different organisms. 



Washington University Department of Biology - Mutations in HP1 lead to a 
loss of silencing, a suppression of PEV. 

Mendez et al, 2011 

Variegated 
 
Actually, looking at the eyes of these animals, we observe patches 
of pigmented cells among a general white color of other cells.   

http://www.biology.wustl.edu/faculty/elgin/hp1&hp2.html
http://www.biology.wustl.edu/faculty/elgin/hp1&hp2.html
http://www.biology.wustl.edu/faculty/elgin/hp1&hp2.html


Translocation of the Drosophila white 
gene close to the centromere results in 
mosaic (variegated) expression in the 
eye.  
 
 

 
Insertion of transgenes into peri-
centromeric regions in mice gives 
expression in a proportion of cells from 
expressing tissues. Expression is clonally 
stable through multiple cell divisions but 
also undergoes stochastic switching 
between the active and inactive states.  
 

Insertion of the Ade2 gene into the 
telomeric region of Saccharomyces 
cerevisiae causes metastable silencing of 
the gene resulting in sectored colonies 
containing white (expressing) and red 
(nonexpressing) cells.  

PEV = Positional Effect Variegation Silencing effects of heterochromatin in different organisms. 



This variegation results from stochastic loss and re-establishment 
of silent chromatin and indicates that following a switch in gene 
expression, the daughters of the switching cell have a memory of 
the expression state of the mother cell. 

PEV 



Establishement  
 
 
 
Maintenance      

In normal situation, a «barrier» 
exist between heterochromatic 
and euchromatic domains 
We call it «insulator». 



These results tell us that there are distinct phenomena: 
 
• Establishment (or programming) 

 
• Maintenance (mitotic epigenetic inheritance) 

 
• Re-programming  



What are the determinants ? 

Where do chromatin states start from ? 
 
In other words, what is the original signal or event that will start 
formation  of heterochromatic / euchromatic domains ? 

cis  &  trans 

Establishment 



Again, classical models have illustrated the mechanism  
 
Essentially in the Yeasts:  
- simpler, smaller genomes, less regulators on the plot 
- high rates of homologous recombination simplify 

experiments 
 
Most studied models: 
 
• Telomeric  heterochromatin (S. cerevisiae) 
• MAT locus (S. cervisiae) 
• Centromeric  heterochromatin (S. pombe) 



The model emerging includes: 
 
 
1. cis-determinants   (DNA sequence) 

 
2. specificity factors (Sequence reader) 

 
3. bridging proteins (connector) 

 
4. Effector enzymes (histone modifiers, chaperons, DNTM) 
 
 



HDAC 

Telomeric DNA is repetitive (microsatellite) 
Rap1 protein binds to repetitive telomeric sequence 
Rap1 interacts with Sir3 and Sir4  (silence inducing repressor) that, in turn, interact with Sir2 (HDAC) 
When repetitive DNA finishes Sir3/4 interact with hypoacetylated histones and associate Sir2 to 
deacetylate adjacent nucleosomes 
 

Experimental: 
Delete SIR3  no longer telomeric chromatin 
SIR3 overexpression  heterochromatin extended up to some 16–20 kb from the telomere.  

First model system was budding yeast telomeric heterochromatin 

Linear chromosome replication 

Telomere structure 

Telomerase 



Silencer (cis-element) 

Specificity factor 

NAD-dependent HDAC 
Preference: H4K16 Binds to histone peptides 

and deacetylated H4K16 

Bridging protein 

S. Cerevisiae telomere HC 

Effector 



The life cycle of the yeast Saccaromyces 
cerevisiae   (budding yeast) a  
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-----mating type switch----- 

2nd model system was the Mating type locus in budding yeast 



HMR/HML loci in yeast have heterochromatic features, e.g. are resistant to 
endonuclease digestion and silence constructs placed within 

Heterochromatic     euchromatic     heterochromatic 

HMR HML 



A and α cassettes encode transcription factors that 
regulate aploid and mating type-specific genes 

a-specific genes  (aSG) 
α-specific genes  (αSG) 
haploid-specific genes (hSG) 

+ 

Mcm1 is constitutive 



HMR 

HML Mat Locus HMR (not in scale) 



E and I are mixed 
Silencers/barriers 

HML 

HML Mat Locus HMR (not in scale) 



Silencer (cis-element) 

Specificity factors 

Bridging protein 

Effector 

S. Cerevisiae MAT locus HC 



High efficiency of Homologous Recombination in Yeast makes easy to 
study the effects of Heterochromatizatin / euchromatization, using 
reporter genes such as: 
  
• Beta-galactosidase (blue color) 
• Ura4 (S. pombe) or Ura3 in S.cerevisiae, is required to grow in 

absence of uracil and renders cells sensitive to toxicity of 5-FOA 
• …other 

Methodology 



-gal hls hrs 

hls hrs 

Homologous recombination 



-gal hls hrs 

-gal 

off 



-gal hls hrs 

-gal 

on 

-gal hls hrs 



Looking to these model systems, we can conclude: 
 
 

• A DNA element that we can call «silencer» 
(talking heterochromatin) 
 

• A molecule recognizing this DNA element, 
called «specificity factor» 
 

• A bridging protein  
 

• A chromatin competent enzyme 
 
 



 
 

• A DNA element that we can call «silencer» 
(talking heterochromatin) 
 

• A molecule recognizing this DNA element, 
called «specificity factor» 
 

• A bridging protein  
 

• A chromatin competent enzyme 
 
 

TF binding sites 
 
 
Transcription Factors 
 
 
co-regulator 
 
e.g. PRC2 ? 

Chromatin states establishment in animals ? 


