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In ES cells�
�

Broadly accessible chromatin�
Across lineage-specifying genes�
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Replication timing can distinguish

stem cells from more committed cells !

Neuronal-associated genes!

Delayed replication timing at developmental stage 
and lineage-inappropriate genes !

ES-associated genes!
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ES-associated genes!



Epigenetic changes reflect differences in 
transcriptional �competence��

and lineage affiliation 


Loss of pluripotency &�
Chromatin accessibility


ES!

Transcriptional ‘competence’!

T!

Chromatin accessibility


Neuronal-associated genes!

Several inactive neural-specifying genes

replicate later in T cells than in ES cells!

Repressed!Accessible


Chromatin structure & �
Histone modifications!

acetylH3K9

me2H3K4!

me3H3K27 

me3H3K9


Analysis of histone modifications characteristic of 
accessible or repressed chromatin!

"
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Inactive neuronal genes in ES cells are

substantially enriched for active marks!



Analysis of histone modifications characteristic of 
accessible or repressed chromatin!

Key developmental genes in ES cells  
carry bivalent chromatin structure 

Key developmental genes in ES cells  
carry bivalent chromatin structure 

Representative Polycomb Group and Trithorax Group 
protein complexes in stem cells 

  
* Polycomb Group (PcG) proteins 
 
PRC2 complex  
Repression of developmental genes in mES cells; together, Suz12, Eed, and Ezh2 catalyze 
H3K27 trimethylation; essential for early embryogenesis and ES cell differentiation. 
(Cao and Zhang, 2004; Faust et al., 1998; Pasini et al., 2004 and 2007; O�carroll et al., 2001) 
 
PRC1 complex 
Catalyzes mono-ubiquitinylation of histone H2A implicated in Pol II pausing in mES cells; 
Ring1b is essential for early embryogenesis and for proper maintenance of ES cells. 
(de Napoles et al., 2004; Stock et al., 2007; van der Stoop et al., 2008; Voncken et al., 2003) 
 
* Trithorax Group (Trx) proteins 
 
MLL 
MLL complex is a H3K4 methyltransferase whose activity counteracts the repressive effect 
of PcG proteins; essential for cell fate transitions in neuronal (Mll1) and hematopoietic (Mll5) 
lineages. (Ayton et al., 2001; Lim et al., 2009; Madan et al., 2009) 
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PRC2 and its core components 


Early Ectoderm Development

Affects Ezh2 substrate specificity


Required for methylation


Enhancer of Zeste 
Homolog 2


Histone H3K27 
methyltransferase


Suppressor of Zeste 12 protein homolog

Required for methylation 
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Global reduction of H3K27 methylation levels 
in Eed-deficient ES cells�

�
!
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PRC2-mediated repression of neuronal-associated genes

in undifferentiated ES cells!

In ES cells�
�

key developmental genes are primed for 
activation yet held in check �

by PRC2-mediated repression 


ES cells are �primed� for future activation!

Pol II Pol II Pol II 

Promoter Coding region 

Ring1B 

Pol II 

PRC1 and RNAP are functionally linked in ES cells 
to prime genes for future activation!
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Pol II 

PRC1 (Ring1B) and RNAP are functionally linked in 
ES cells to prime genes for future activation!

Representative Polycomb Group and Trithorax Group 
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* Polycomb Group (PcG) proteins 
 
PRC2 complex  
Repression of developmental genes in mES cells; together, Suz12, Eed, and Ezh2 catalyze 
H3K27 trimethylation; essential for early embryogenesis and ES cell differentiation. 
(Cao and Zhang, 2004; Faust et al., 1998; Pasini et al., 2004 and 2007; O�carroll et al., 2001) 
 
PRC1 complex 
Catalyzes mono-ubiquitinylation of histone H2A implicated in Pol II pausing in mES cells; 
Ring1b is essential for early embryogenesis and for proper maintenance of ES cells. 
(de Napoles et al., 2004; Stock et al., 2007; van der Stoop et al., 2008; Voncken et al., 2003) 
 
* Trithorax Group (Trx) proteins 
 
MLL 
MLL complex is a H3K4 methyltransferase whose activity counteracts the repressive effect 
of PcG proteins; essential for cell fate transitions in neuronal (Mll1) and hematopoietic (Mll5) 
lineages. (Ayton et al., 2001; Lim et al., 2009; Madan et al., 2009) 
 

Pol II Pol II Pol II 

Promoter Coding region 

Ring1B 

Pol II 

PRC1 (Ring1B) and RNAP are functionally linked in 
ES cells to prime genes for future activation!



Pol II 
8WG16 

Pol II Pol II Pol II 

8WG16 

Ser 2P Ser 2P Ser 2P 

Pol II Pol II Pol II 
Pol II 

4H8 

Promoter Coding region 

PRC1 (Ring1B) and RNAP are functionally linked in 
ES cells to prime genes for future activation!

Key developmental genes in ES cells  
carry bivalent chromatin structure 

Key developmental genes in ES cells  
carry bivalent chromatin structure 
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Balancing cell potency and specification

in stem cells and in the early embryo


 

Analysis of bivalent chromatin signatures 
upon blastocyst formation  

Alder O. et al.

Development (2010)




Analysis of bivalent chromatin signatures 
in ICM and TE cells in vivo 

Bivalent histone marking operates in vivo 
at silent genes in ICM and TE cells  

Analysis of bivalent chromatin signatures 
in ES and TS cells 

Sequential ChIP  
H3K27me3      H3K4me2!

Analysis of bivalent chromatin signatures 
in ES and TS cells 

Differential recruitment of Ring1B 
at bivalent genes in ES and TS cells 
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to prime genes for future activation!



ES TS 

Loss of gene priming for transcription 
at bivalent genes in TS cells!

4H8 
RNAP 

8WG16 
RNAP 

PRC1 and poised RNAP are not recruited to 
genes that retain bivalent signatures�

in TE-derived stem cells 


PRC1 and Suv39h are differentially recruited 

at bivalent genes upon blastocyst formation


 

Alder O. et al.

Development (2010)


ES TSL 

Oct4 Cdx2 

Embryonic Trophoblast 

De-differentiation of ES cells into TS-like (TSL) cells 

ES TSL 

Oct4 Cdx2 

Embryonic Trophoblast 

De-differentiation of ES cells into TS-like (TSL) cells 

+Dox 

Bivalent genes are targeted by Suv39h1-mediated H3K9me3 
upon trophoblast lineage commitment!



Bivalent genes are targeted by Suv39h1-mediated H3K9me3 
upon trophoblast lineage commitment! PRC1 and Suv39h are differentially recruited 


at bivalent genes upon blastocyst formation

 

Alder O. et al.

Development (2010)


Chromatin in ES cells differs from that �
in lineage-restricted cells 


Chromatin modifying factors with known roles  
in stem cells and during mammalian development!

 !
* Histone lysine methylation and demethylation!
 !
G9a (H3K9 methyltransferase)!
Heterochromatin formation; required for repression of key pluripotency genes  
during ES cell differentiation; null mice are embryonic letha.  
(Epsztejn-Litman et al., 2008; Feldman et al., 2006; Tachibana et al., 2002).!
 !
Jmjd1a/Jmjd2c (H3K9 demethylases)!
Maintenance of pluripotency; loss of function leads to inappropriate differentiation.  
(Loh et al., 2007).!
 !
Rbp2 (H3K4me3 demethylase)!
Repression of developmental regulators in ES cells; cell fate transitions.  
(Lopez-Bigas et al., 2008; Pasini et al., 2008).!
 !
Jmjd3, Utx (H3K27me3 demethylases)!
Resolution of bivalent domains in neuronal lineage; necessary for cellular  
differentiation and body axis patterning; cell fate transitions.  
(Agger et al., 2007; Burgold et al., 2008; Hong et al., 2007; Lan et al., 2007; Lee et al., 2007;  
Sen et al., 2008; Xiang et al., 2007).!
 !

Chromatin modifying factors with known roles  
in stem cells and during mammalian development!

 !
* Histone acetylation and deacetylation!
 !
Tip60/p400 complex!
Transcriptional activity; maintenance of ES cell identity  
(Fazzio et al., 2008).!
 !
HDAC1 (histone deacetylase)!
Transcriptional repression; developmental roles in early embryogenesis; deficiency leads to defects 
in organogenesis while gain of function confers a cancerous state.  
(Ma and Schultz, 2008; Weichert et al., 2008).!
 !
* ATP-dependent chromatin remodeling!
 !
BAF250A BAF250B!
Stem cell self-renewal and pluripotency; roles in early embryogenesis. 
(Gao et al., 2008; Yan et al., 2008).!
 !
BRG1!
catalytic subunit of mammalian SWI/SNF complex; depletion promotes loss of self-renewal and 
pluripotency in ES cells and induce differentiation; essential for proper development; implicated in 
tumorigenesis.  
(Ho et al., 2009a; Ho et al., 2009b; Kidder et al., 2008; Roberts and Orkin, 2004).!
!
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