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Chromosome size

Level I: Radial genome organization

Takizawa, T., Meaburn, K. J. & Misteli, T. The meaning of gene positioning. Cell 135, 9-13 (2008).
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Level II: Euchromatin vs heterochromatin

Electron microscopy Nanoscopy
Heterochromatin
Nu % %q:?r ' Methylation
' : Acetylation |
Nu { -
& & | il
. , ﬁ#? Somatic Cell g% g::;l:hosome
- Euchromatin f :TA o
Euchromatin:

chromatin that is located away from the nuclear lamina, is generally less
densely packed, and contains actively transcribed genes

Heterochromatin:
chromatin that is near the nuclear lamina, tightly condensed, and

transcriptionally silent
Adapted from Cell, 160(6), 1145-1158. 2015
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Level IIl: Lamina-genome interactions
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Most genes in Lamina Associated Domains are transcriptionally silent,
suggesting that lamina-genome interactions are widely involved in the

control of gene expression

Adapted from Molecular Cell 38, 603-613, 2010
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Level IV: Higher-order organization
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Level V: Chromatin loops

Gene Py
enhancers\ 20— D Gene
"4

activity
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Loops bring distal genomic regions in close proximity to one another
This In turn can have profound effects on gene transcription

Enhancers can be thousands of kilobases away from their target genes in any
direction (or even on a separate chromosome)
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Level V: Loop-extrusion as a driving force
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Level VI: Nucleosome

Chromosome Chromatin fibre Nucleosome

HISTONE TAIL

HISTONE

Adapted from Richard E. Ballermann, 2012
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Complex genome organization

Cavalli, G. & Misteli, T. Functional implications of genome topology. Nat Struct Mol Biol 20, 290-299 (2013).
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Modeling Genomes

physical model of chromatin

confinement,
topological ensemble
constrains, etc averaging
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simulations comparison
of polymer w/experiment
dynamics
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experimental
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Experiments
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Grow GM1287€ and K562 cells
Perform 2C analysis

v

Parform £C analysis with 30-25 primers

!

Analyze 5C products by paired-end Solexa sequencing
(1231.947 pared end reads per hbrary)
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Biomolecular structure determination

2D-NOESY data

Chromosome structure determination

5C data

CRGY
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Chromosome Conformation Capture

CROSSLINK
CUTTING %
Endonuclease /
digestion S
Sonication
LIGATION Biotin dCTP fill in Immunoprecipitation Immunoprecipitation
biotinilated linkers
REVERSE —— B
CROSSLINKS Y . -
e [
ot
DETECTION Multiplexed Digestion with . . .
amplification four base cutter Sonicate sl g
o Ligation Pull down %Y
_ O O\ b'
PCR with PCR with — PCR with
specific primers universal primers specific primers Full down
. Inverse PCR _E.L
Contact L = o g +
library e S ep—__ _E..L —
COMPUTATIONAL
ANALYSIS
@0 Chromatin-associated factors @
[ Gene
3C 5C 4C Hi-C ChiP-loop ChIA-PET
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Chromosome Conformation Capture

3C 5C 4C Hi-C ChiP-loop ChIA-PET
Principle Contacts between All against all*'® All contacts with a All against all™® Contacts between All contacts associated
two defined regions®'” point of interest two defined regions with a given protein®
associated with a given
protein®
Coverage Commonly < 1Mb Commonly < 1Mb Genome-wide Genome-wide Commonly < 1Mb Genome-wide
Detection Locus-specific PCR HT-sequencing HT-sequencing HT-sequencing Locus-specific g°PCR HT-sequencing
Limitations | Low throughput and Limited coverage Limited to one Rely on one chromatin-associated factor,
coverage viewpoint disregarding other contacts
Examples Determine interaction | Determine All genes and genomic | All intra- and Determine the role of Map chromatin
between a known comprehensively elements associated interchromosomal specific transcription interaction network of
promoter and higher-order with a known LCR associations factors in the a known transcription
enhancer chromosome interaction between a factor
structure in a known promoter and
defined region enhancer
Derivatives | PCR with TagMan Circular chromosome Yeast®5, tethered ChIA-PET combined

probes’ or melting
curve analysis'

conformation
capture®, open-
ended chromosome
conformation
capture'®, inverse
3C'?, associated
chromosome trap
(ACT)", affinity
enrichment of bait-
ligated junctions?

conformation capture?®

3C-ChlP-cloning (6C)}¢
enhanced 4C (e4C)'®




... and one more thing
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Chromosome Conformation Capture
for meta genomics




Modeling 3D Genomes

Bau, D. & Marti-Renom, M. A. Methods 58, 300-306 (2012).

----------------------------------------

Experimantal input ;

and system representation

Fraqments and
nleraction maps

T L L L L
o .~

R L L L

I
IMF Start

.‘ . '
]
' Restraints : 0(_)0
' .
)
: . [
' . 1 "_ﬁ-‘w ‘;'l-—‘
' Simulating anrsaling ' if 4
] : N
' !
: ' |
' Possible .
: solitions ' ;

)

Additional

' .
:Rusulls analysis experimental data

.-
----

--------------------------------------

----------------------------

Ganoma
organization

O e W R R R R e e e e e e e e T e e o

Fina' model

g -,
k------‘

cnag .o

Regulotion



Examples...

“or Gmnomic:
Regulotion



Structuring the COLURS of chromatin




53 chromatin proteins

v Chromatin (OLORs

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

Hou et al. (2012). Molecular Cell, 48(3), 471-484.
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Marker enrichment

Model accuracy

Boettiger, A. N., et al. (2016). Nature, 1-15.
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“images” radius of gyration (nm)

600

400

N
o
o

Mode

AN
s \][

r =0.85 p-value = 9.4e-14
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models radius of gyration (nm)

accuracy

Boettiger, A. N., et al. (2016). Nature, 1-15.
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RED dense region

3R:18920000-19920000
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Structural COLORs

RED dense region GREEN dense region
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Structural COLORs
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Color prediction by Selr Organizing Maps

GainRatio

RED dense region T— -
interactions a nm :

3R:18920000-19920000 interactions clusterl 40 nm 0.24

NN N e accessibility radius 20 nm superradius 75 nm 0.18

290/ 0% 11% 45% stderr of intr2 0.19

number of models in cluster 1 0.35

stderr of intrl 0.16

number of clusters 0.26

stderr of dens3 0.13

stderr of densl 0.11

unsigned angle with -3 and +3 smoothed over 5 bins 0.10

density 3 particles (center of mass) cluster 1 0.07

stderr of dens2 0.09

density 3 particles cluster 1 0.05

density 3 particles all clusters 0.06

consistency all 50 nm 0.03

unsigned angle with -3 and +3 0.03

consistency clusterl 50 nm 0.03

stderr of acces 0.02

PCA
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Selected metrics per particle
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Self

Organizing Maps (SOM|
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SOM Models
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SOM Models
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TPR

10 -

Can we predict the color?

ROC curve all colors
(10% of the data)

FPR

red
yellow
black
blue
green

TPR

black :0.77
blue :0.64

green :0.80
red :0.69

10 -

ROC curve merged colors
(10% of the data)

FPR

red or yellow
~—— black or blue
-« green



Structural COLORs
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