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Fly Chromatin COLORs  
Filion et al. (2010). Cell, 143(2), 212—224.

a rich description of chromatin composition along the genome.
By integrative computational analysis, we identified, aside from
PcG and HP1 chromatin, three additional principal chromatin
types that are defined by unique combinations of proteins. One
of these is a type of repressive chromatin that covers !50% of
the genome. In addition, we identified two types of transcription-
ally active euchromatin that are bound by different proteins and
harbor distinct classes of genes.

RESULTS

Genome-wide Location Maps of 53 Chromatin Proteins
We constructed a database of high-resolution binding profiles of
53 chromatin proteins in the embryonicDrosophila melanogaster

cell line Kc167 (Figure 1A and Figure S1A available online). In
order to obtain a representative cross-section of the chromatin
proteome, we selected proteins from most known chromatin
protein complexes, including a variety of histone-modifying
enzymes, proteins that bind specific histone modifications,
general transcription machinery components, nucleosome re-
modelers, insulator proteins, heterochromatin proteins, struc-
tural components of chromatin, and a selection of DNA-binding
factors (DBFs) (Table S1). For!40 of these proteins, full-genome
high-resolution binding maps have not previously been reported
in any Drosophila cell type or tissue. Though chromatin immuno-
precipitation (ChIP) is widely used to map protein-genome inter-
actions (Collas, 2009), large-scale application of this method is
hampered by the limited availability of highly specific antibodies.
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Figure 1. Overview of Protein Binding Profiles and Derivation of the Five-Type Chromatin Segmentation
(A) Sample plot of all 53 DamID profiles (log2 enrichment over Dam-only control). Positive values are plotted in black and negative values in gray for contrast.

Below the profiles, genes on both strands are depicted as lines with blocks indicating exons.

(B) Two-dimensional projections of the data onto the first three principal components. Colored dots indicate the chromatin type of probed loci as inferred by

a five-state HMM.

(C) Values of the first three principal components along the region shown in (A), with domains of the different chromatin types after segmentation by the five-state

HMM highlighted by the same colors as in (B).

See also Figure S1 and Table S1.
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(A) Sample plot of all 53 DamID profiles (log2 enrichment over Dam-only control). Positive values are plotted in black and negative values in gray for contrast.

Below the profiles, genes on both strands are depicted as lines with blocks indicating exons.

(B) Two-dimensional projections of the data onto the first three principal components. Colored dots indicate the chromatin type of probed loci as inferred by

a five-state HMM.

(C) Values of the first three principal components along the region shown in (A), with domains of the different chromatin types after segmentation by the five-state

HMM highlighted by the same colors as in (B).

See also Figure S1 and Table S1.
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types that are defined by unique combinations of proteins. One
of these is a type of repressive chromatin that covers !50% of
the genome. In addition, we identified two types of transcription-
ally active euchromatin that are bound by different proteins and
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order to obtain a representative cross-section of the chromatin
proteome, we selected proteins from most known chromatin
protein complexes, including a variety of histone-modifying
enzymes, proteins that bind specific histone modifications,
general transcription machinery components, nucleosome re-
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tural components of chromatin, and a selection of DNA-binding
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(A) Sample plot of all 53 DamID profiles (log2 enrichment over Dam-only control). Positive values are plotted in black and negative values in gray for contrast.

Below the profiles, genes on both strands are depicted as lines with blocks indicating exons.

(B) Two-dimensional projections of the data onto the first three principal components. Colored dots indicate the chromatin type of probed loci as inferred by

a five-state HMM.

(C) Values of the first three principal components along the region shown in (A), with domains of the different chromatin types after segmentation by the five-state

HMM highlighted by the same colors as in (B).
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Who “holds” the genome structure? 
Serra et al. PLoS Comput Biol (2017) 13(7): e1005665 



Chromosome Conformation Capture 
Dekker, J., Rippe, K., Dekker, M., & Kleckner, N. (2002). Science, 295(5558), 1306—1311. 

Lieberman-Aiden, E., et al. (2009). Science, 326(5950), 289—293.



Chromatin Immunoprecipitation (ChIP)  
Solomon, M. J., Larsen, P. L. & Varshavsky, A.  (1988) Cell 53, 937—947. 

Park, P.J. (2009) Nature Reviews Genetics 10, 669—680.
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High-throughput Chromosome Conformation Capture (Hi-C)
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Chromatin interaction on a Hi-C map
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Hi-ChIP: capturing specific protein-mediated interactions 
Mumbach, M.R. et al. (2016) Nature Methods 13(11) 919-922.
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Validation with HiChIP as benchmark 
mm10 - mESC - 5kb  - chr6:48,050,001-52,750,006

HiChIP interactions

HoxAHoxA

CHROMATIC coefficient

SMC1

H
iC

hI
P 

in
te

ra
ct

io
ns

Sp
ea

rm
an

 c
or

re
la

tio
n

log2(Hi-ChIP SMC1)

r = 0.6

lo
g2

(C
H

RO
M

AT
IC

 S
M

C1
)

Genome-wide r = 0.5

Per chromosome

Genome-wide (KS=0.76, p=0.0)

RestLoops/Hubs



The role of chromatin factors in genome topology 
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3D interactions are mostly associated with pluripotent TFs
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CHROMATIC better represents genome function than ChIP-seq alone
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Types of 3D interactions with LSA in ESC
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Types of 3D interactions with LSA in ESC
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4 major types of 3D interactions in ESC
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Global 3D interactions rewiring during mouse development
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3D interactions rewiring at Zfp608 locus during mouse neural development
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