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EPIGENETIC REGULATION OF 
CHROMATIN FUNCTIONS!

Genetic information resides on DNA that, in eukaryotes, is packed into chromatin !

“146bp of DNA wrapped around !
a histone (H3.H4.H2A.H2B)2 octamer”!

> Histone variants!
> Histone post-translational modifications!

> Non-histone regulatory proteins!
> RNAs!

> DNA modifications!

EPIGENOME!

 



EPIGENETIC REGULATION OF 
CHROMATIN FUNCTIONS!

Genetic information resides on DNA that, in eukaryotes, is packed into chromatin !

“146bp of DNA wrapped around !
a histone (H3.H4.H2A.H2B)2 octamer”!

EPIGENETICS REGULATES “GENETICS”!

EPIGENETIC ALTERATIONS ARE ON THE BASIS!
OF MULTIPLE DISEASES & AGING!
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A GLOBAL CHROMATIN POSITIONING SYSTEM!
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Drosophila S2 cells!
>80 epigenetic factors!





chroGPS!
A GLOBAL CHROMATIN POSITIONING SYSTEM!

> define a metric to measure functional similarity/distance of factors!
> represent distances onto low-dimensional (2D/3D) “graphical” maps!



chroGPS!
functionally related factors > similar genomic profiles!

> metric to measure genomic overlap of factors!

iTanimoto! Font-Burgada et al., (20014) NAR!



Similarity/Distance matrix 

> project onto low-dimensional (2D/3D) maps using MDS!

Font-Burgada et al., (20014) NAR!



 chroGPSfactors maps!
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Font-Burgada et al., (20014) NAR!



Font-Burgada et al., (20014) NAR!
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Drosophila S2 cells!
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Drosophila BG3 cells!

Font-Burgada et al., (20014) NAR!



A hint on Procrustes 

Font-Burgada et al., (20014) NAR!
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Drosophila S2 cells!
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Drosophila BG3 cells!

Font-Burgada et al., (20014) NAR!

Drosophila S2/BG3!
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Drosophila S2/BG3!
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Drosophila WING IMAGINAL DISC !
(WID)!

ASH1

BEAF

BEAF
CHRO(CHRIZ)CHRO(CHRIZ)

CP190
CP190

CTCF CTCFCTCF

DMI2

DRING

DSFMBT

EZ

EZ

GAF

H2B_UBIQ

H2BK5AC

H3K18AC

H3K23AC

H3K27AC

H3K27ME3

H3K36ME1

H3K36ME3

H3K4ME1

H3K4ME2H3K4ME2

H3K4ME3H3K4ME3

H3K79ME1

H3K79ME2

H3K9AC
H3K9AC

H3K9ME2H3K9ME2H3K9ME3

H4AC
H4K16AC
H4K16AC

H4K5AC

H4K8AC

HP1A
HP1A

HP1A

HP1B
HP1B

HP1C
HP1C

HP2

ISWI

JHDM1

JIL1
JIL1

JMJD2A

MDB_R2MDB_R2 MOD2

MRG15

NURF301

NURF301

PC

PCL

PHO

PR_SET7

PSC2

RNAPOL2RNAPOL2

RPD3

SPT16

SU(HW)SU(HW)

SU(VAR)37

SU(VAR)39SU(VAR)39

WDS

ZW5

H3K4ME3

H3K27ME3

H3K36ME3

POL2Ser5

ASH1

BEAF

CHRO(CHRIZ)
CP190

CTCF
CTCF

DRING

DSFMBT

EZ
EZ

GAF

H2B_UBIQ

H3K18AC H3K23AC

H3K27AC

H3K27ME3H3K36ME1

H3K36ME3

H3K4ME1

H3K4ME2

H3K4ME3

H3K79ME1

H3K79ME2H3K79ME3
H3K9AC

H3K9ME2

H3K9ME3

H4K16AC

HP1

HP1A

HP1B
HP1C

HP2

ISWI

JIL1

MOD2
MRG15

PC

PCL
PSC

RNAPOL2

RPD3

SU(HW)

SU(VAR)37

SU(VAR)39

ZW5
ASH2

H3K4ME3

H3K27ME3

H3K36ME3

POL2Ser2

POL2Ser5

LID

ASH2

H3K27ME3

H3K36ME3

H3K4ME3

LID

POL2Ser2

POL2Ser5

−1.0 −0.5 0.0 0.5 1.0

−1
.0

−0
.5

0.
0

0.
5

1.
0

r2=0.887 / s=0.088 (S2/BG3)
r2=0.768 / s=0.086 (WID)
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Font-Burgada et al., (20014) NAR!
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S2 @ Early Origins of Repl (Avgdist−isoMDS)
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S2 @ Late.Mid Origins of Repl (Avgdist−isoMDS)
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S2 @ Late Origins of Repl (Avgdist−isoMDS)
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Drosophila S2/BG3!
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Heterochromatin Protein 1 !
(HP1)!

HP1 proteins in transcription regulation!

HP1!H3K9me2! merge!



HP1 proteins in transcription regulation!

> HP1c localizes to active chromatin domains!

αHP1c!αH3K9me2! merge!
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Font-Burgada et al., (2008) Genes Dev!



HP1 proteins in transcription regulation!

> HP1c localizes to active chromatin domains!
> HP1c forms a complex with HP1b, the transcription factors WOC and ROW, !
   and the ubiquitin receptor protein Dsk2!

αdDsk2!

αdHP1c!

αROW!
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Kessler, Tisserand et al., (2015) Nature Commun!
Font-Burgada et al., (2008) Genes Dev!



HP1 proteins in transcription regulation!

> HP1c localizes to active chromatin domains!
> HP1c forms a complex with HP1b, the transcription factors WOC and ROW, !
   and the ubiquitin receptor protein Dsk2!
> The HP1/WOC/ROW/Dsk complex localizes at TSS of active genes !
   and is required for transcription!
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Dsk2 is an ubiquitin receptor protein!
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Dsk2 is an ubiquitin receptor protein!
FO

LD
 E

N
R

IC
H

M
EN

T!

-0.1!
0!

0.1!
0.2!
0.3!
0.4!
0.5!
0.6!
0.7!
0.8!
0.9!

1!
1.1!
1.2!
1.3!
1.4!
1.5!

-­‐800	
   -­‐600	
   -­‐400	
   -­‐200	
   0	
   200	
   400	
   600	
   800	
   1000	
  

dslacZ!

dsUbp8!

dsDsk2!

dsDsk2+dsUbp8!

CG14527!

0.0!

0.5!

1.0!

1.5! RPB3!

0! 200! 400! 600! 800!-200!-400!-600!
-­‐0.1	
  

0	
  
0.1	
  
0.2	
  
0.3	
  
0.4	
  
0.5	
  
0.6	
  
0.7	
  
0.8	
  
0.9	
  
1	
  

1.1	
  
1.2	
  
1.3	
  
1.4	
  
1.5	
  
1.6	
  

-­‐800	
   -­‐600	
   -­‐400	
   -­‐200	
   0	
   200	
   400	
   600	
   800	
   1000	
   1200	
  

dslacZ!

dsUbp8!

dsDsk2!

dsDsk2+dsUbp8!

CG3919!

0.0!

0.5!

1.0!

1.5!

0! 200!400!600!800!-200!-400!-600! 1000!

RPB3!

-­‐0.1	
  
0	
  

0.1	
  
0.2	
  
0.3	
  
0.4	
  
0.5	
  
0.6	
  
0.7	
  
0.8	
  
0.9	
  
1	
  

1.1	
  
1.2	
  
1.3	
  
1.4	
  
1.5	
  
1.6	
  
1.7	
  
1.8	
  
1.9	
  
2	
  

2.1	
  
2.2	
  

-­‐600	
   -­‐400	
   -­‐200	
   0	
   200	
   400	
   600	
   800	
   1000	
  

0.5!

1.0!

1.5!

2.0!

dslacZ!

dsUbp8!

dsDsk2+dsUbp8!

dsDsk2!

Pgm!
RPB3!

0! 200! 400! 600! 800!-200!-400!
0.0!

-­‐0.1	
  
0	
  

0.1	
  
0.2	
  
0.3	
  
0.4	
  
0.5	
  
0.6	
  
0.7	
  
0.8	
  
0.9	
  
1	
  

1.1	
  
1.2	
  
1.3	
  
1.4	
  

-­‐800	
  -­‐600	
  -­‐400	
  -­‐200	
   0	
   200	
   400	
   600	
   800	
  1000	
  1200	
  

dslacZ!

dsUbp8!

dsDsk2!
dsDsk2+dsUbp8!

0! 200!400!600!800!-200!-400!-600! 1000!
0.0!

0.5!

1.0!

IIoser5!

-­‐0.1	
  
0	
  

0.1	
  
0.2	
  
0.3	
  
0.4	
  
0.5	
  
0.6	
  
0.7	
  
0.8	
  
0.9	
  
1	
  

1.1	
  
1.2	
  

-­‐600	
   -­‐400	
   -­‐200	
   0	
   200	
   400	
   600	
   800	
   1000	
  0! 200! 400! 600! 800!-200!-400!

dslacZ!

dsUbp8!

dsDsk2!

dsDsk2+dsUbp8!

0.0!

0.5!

1.0!
IIoser5!

-­‐0.1	
  
0	
  

0.1	
  
0.2	
  
0.3	
  
0.4	
  
0.5	
  
0.6	
  
0.7	
  
0.8	
  
0.9	
  
1	
  

1.1	
  
1.2	
  

-­‐800	
   -­‐600	
   -­‐400	
   -­‐200	
   0	
   200	
   400	
   600	
   800	
   1000	
  0! 200! 400! 600! 800!-200!-400!-600!

dslacZ!
dsUbp8!

dsDsk2!

dsDsk2+dsUbp8!

0.0!

0.5!

1.0!
IIoser5!

FO
LD

 E
N

R
IC

H
M

EN
T!

DISTANCE TO TSS (bp)!

Kessler, Tisserand et al., (2015) Nature Commun!



HP1 proteins in transcription regulation!

> HP1c localizes to active chromatin domains!
> HP1c forms a complex with HP1b, the transcription factors WOC and ROW, !
   and the ubiquitin receptor protein Dsk2!
> The HP1/WOC/ROW/Dsk complex localizes at TSS of active genes !
   and is required for transcription!
> Dsk2 binds H2Bub1, prevents its premature deubiquitylation by Ubp8 !
   and regulates RNApol II pausing!
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Kessler, Tisserand et al., (2015) Nature Commun!



chroGPSgenes!

Epigenetic states of genes !



> metric to measure epigenetic similarity/distance of genes based on factors shared!
> represent in 2D/3D maps using MDS!

Font-Burgada et al., (20014) NAR!

similar factors bound > similar epigenetic regulation (epigene)!



chroGPSgenes maps!

Font-Burgada et al., (20014) NAR!
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1: PGRP−SA
2: PGRP−SD
3: GNBP1
4: GNBP3
5: Spn1
6: Spn5
7: Spn27a
8: modSP
9: grass
10: necrotic
11: persephone
12: sphinx2
13: spirit
14: spheroide
15: Spe
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Drosophila S2 cells!
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Drosophila BG3 cells!

Reina et al., unpublished!
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Cluster: # of elements
1:758
2:8184
3:382
4:219
5:1111
6:475
7:149
8:1774
9:2371
10:551
11:647
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r2=0.779 / stress=0.140

elliptic hull (50%)
(S2 cluster genes lost 70 (13.11 %))

S2
BG3

Enriched GO terms in cluster transition 5.2

GO2000026 regulation of multicellular organismal development

GO0008347 glial cell migration

GO0051270 regulation of cellular component movement

GO0008037 cell recognition

GO0008038 neuron recognition

GO0040012 regulation of locomotion

GO0048667 cell morphogenesis involved in neuron differentiation

GO0048863 stem cell differentiation

GO0008045 motor neuron axon guidance

GO0032879 regulation of localization

GO0051674 localization of cell

GO0048870 cell motility

GO0000904 cell morphogenesis involved in differentiation

GO0007409 axonogenesis

GO0016477 cell migration

GO0061564 axon development

GO0006935 chemotaxis

GO0007411 axon guidance

GO0009605 response to external stimulus

GO0042330 taxis

GO0097485 neuron projection guidance

1 2 3 4 5 6

S2 vs BG3 !

Reina et al., unpublished!
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