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Resolution Gap

Marti-Renom, M. A. & Mirny, L. A. PLoS Comput Biol 7, e 1002125 (2011)
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Hybrid Method

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

E ' t
Crosslink DNA Cut with Fill ends Ligate Purify and shear DNA;  Sequence using
restriction and mark pull down biotin paired-ends
enzyme with biotin

AAGCIT
TTCGAA

V4

v, \_
N\ 4
S 5.00E+06
-3 4.00E+06
>
.gaoosa,oe
0
o
o
= 2.00E+06
1.00E+06
0.0E+00
0 50 100 150 200 250 300 350 400 450 500
Iteration
\_ ) . J

Computation



Chromosome Contormation Capture

Dekker, J., Rippe, K., Dekker, M., & Kleckner, N. (2002). Science, 295(5558), 1306~1
L|ebeernA|den E. etal (2009). Science, 326(5950), 289-293.
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Restraintbased Modeling

Bau, D. & Marti-Renom, M. A. Methods 58, 300-306 (2012).
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3D structural dynamics of the
SOX2 locus activation
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Transcription factors dictate cell fate

Graf & Enver (2009) Nature
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Interplay: fopology, gene expression & chromatin

Stadhouders, R., Vidal, E. et al. (2018) Nature Genetics
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Reprogramming from B to PSC

Stadhouders, R., Vidal, E. et al. (2018) Nature Genetics
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-C maps of reprogram
The SOX2
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-C maps of reprogramming from B to PSC
The SOX2 locus
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TADbit modeling of SOX2 trom B cells Hi-C
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Optimal IMP parameters
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Models of reprogramming from B to PSC
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Ddyn: from time-series Hi-C maps to dynamic restraints
The SOX2 locus
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Ddyn: from time-series Hi-C maps to dynamic restraints
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Energy penalty

Ddyn: from time-series Hi-C maps to dynamic restraints

@ @ @ @ @0 @ O

B cell Ba D2 D4 D6 D8 PSC

Transition Stable Vanishing

B->Ba copn

e

7,390

6,830 6,893

6,291 7,289

1
B L R L D R R L T L

6,093 6,250

d

5,738 6,173

Raising
7,290
6,687

P L Lt




SOX2 locus structural changes from B to PSC
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SOX2 locus structural changes from B to PSC
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SOX2 locus structural changes from B to PSC
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SOX2 locus structural changes from B to PSC
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SOX2 locus structural changes from B to PSC
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SOX2 locus structural changes from B to PSC
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SOX2 locus structural changes from B to PSC
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SOX2 locus structural changes from B to PSC
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SOX2 locus dynamics changes from

3 to PSC
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SOX2 locus dynamics changes from B to PSC
SOX2 displacement




SOX2 locus dynamics

0.3

— -E2 ® Red-OFF @ Red-ON e A control
—+E2 = 22 v aase®esese®® ° 0000000 00,0070
02 A= 0.097 phm 1L RS TT L L eeasaens
S > < 08 et 1
E 3 'o. —~ 1 g_ 0
5 o a - S N ®
> E 06 K N _1 ‘
o) 3 S —1 ‘ 1 1
0.1 © 3 L1 0
[ 0.4 F o U 0 ) x W
77 IR d
02 00000000’(:/?/00.0ooo'odz(oko\i""’.""'."000'00"00
A= 01148 prh? 0.2
0.3 I I I
0.3 0.2 0.1 0 01 02 03 0 400 800 1,200

X (Um) At(s)

Two dimensional trajectories and area
explored over 50s of the CCNDI
locus recored before -E2 and affer +E2
activation.

Transcription affects the 3D topology of
the enhancerpromoted enhancing its
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A "hitand-stick” model tor transcriptional activation

free to move hit stick

Time and expression levels
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Can we walk the chromatin path in the nucleus?

Integrating imaging and Hi-C maps with modeling.

Oligopaintbased modeling of genomes



High-resolution imaging
Tracing chromosomes with OligoSTORM & tluidics cycles in PGP1 cells

chr19:/.335 095-15 449 189
~8Mb

\ / backstreet

homologous 32-42bp

Beliveau et al. Nat. Comm. 2015



High-resolution imaging
Tracing chromosomes with OligoSTORM & tluidics cycles in PGP1 cells

chr19:/,335 095-15 449 189
~8Mb
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High-resolution imaging
Tracing chr19:/,335,095-15,449,189 ~8Mb
] 2 3 > 6 8 9
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High-resolution imaging
XYZ points convolution info a density map
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Density maps
Cell-02 - Density map @ 50nm
> 6 / 829
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Farabella et al, J Appl Crystallogr. 2015



Area

Structural features

Area, Volume and Sphericity of 19 cells each with 2 homologous resolvec
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Spatial arrangement

Distance and overlap of 19 cells each with 2 homologous resolved
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cluster 2

cluster 1

Structural clustering

1@ cells each with 2 homologous and @ segments each (342)




Cluster properties
A/B compartmentse
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Can we walk the chromatin path in the nucleus?

Can we increase the resolution of our data@



Increasing resolution
Rigid body titting 3D structures based on Hi-C data

Segment 1 3D models
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http://www.3DGenomes.org

Increasing resolution

Flexible titting 3D structures based on Hi-C data
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Increasing resolution
Flexible titting 3D structures based on Hi-C data
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Chromosome walking path @ 10Kb resolution
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