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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
4 N\
Crosslink DNA Cut with Fill ends Ligate Purify and shear DNA;  Sequence using
restriction and mark pull down biotin paired-ends

Hindlll enzyme with biotin

BAGCTT

TTCGAA

W 4
e
i) -

<

- - - === —_———m - = ]

:
:

IMP Objective function
N w » ¢
o o o
o o o
s & &

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|ebermonA|den E. etal. (2009). Science, 326(5250), 289-293.
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Hierarchical genome organisation

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

Rao, S. S. P., etal. (2014). Cell, 1-29.

Subclomparim]e'nts Subcompartments
i =g
H__N oy

o

Chr 14

D_ ¥
QoRTR
l ‘ Y
1
| | .

B N 5N

firge
“
Ordinary Ordinary

Domain Domain
| |

Loop Cohesin CTCF



08

l

4

1

Chr14

A/B Compartment
Chromosome

9

l

imiy,

ol 801



TADs

Chromosome |




TADs are functional units

lupidiiez, et al. (2015). Cell, 1-15
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TADs are tunctional units

Hnisz, D., et al. (2016). Science, on line
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Restraintbased Modeling

Bau, D. & Marti-Renom, M. A. Methods 58, 300-306 (2012).
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Model representation and scoring
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Optimization of the
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Model analysis: clustering and structural teatures

dRMSD (nm)
0 50 100 150
I

*
. i .
A; T Y s | o~ J:I
LR g WY w 4 -
i & 34 RS b P = ) %
o - N ARy ?\
Cralur e i S R 53 gt
T gy AR ! b A BT - "; 1.1 3, 9 Jj%
TR s By VRPN A HE
1_%'&,’%:;_,- TN B e R \_a % 4 2
F‘-h('*.’;‘.{ | | W"’ et
F - \
BT WD

Accessibility (%) Density (bp/nm) Interactions Angle




L FASTQs

Llnt. Matrices

) __A

Blelli

Serra, Bau, et al. (2017). PLOS CompBio

L 3D Models J

Quality Control

¥

Mapping (GEM)

I

Visualization

Matrix processing

Comparison

T
MMP Score
l

Cleaning & Filtering

I

TAD detection

Parameter optimization

Normalization

3D modeling

I

TAD alignment

1

Clustering

T

Bau, D. et al. Nat Struct Mol Biol (2011)

Umbarger, M. A. et al. Mol Cell (2011)

e Dily, F. et al. Genes & Dev (2014]

Belton, J.M. et al. Cell Reports (2015)

® Trussart M. et al. Nature Communication (2017

e Catoni, D. et al. Nature Communication {2017/

e Stadhouders R. et al. Nature Genetics (201 8)

e Kojic, A., Cuadrado, A. et al. Nat Struct Mol Biol (2018|
® Beekman R. et al. Nature Medicine (201 8]

e Mas, G. et al. Nature Genetics (2018) in press

Genomic coverage TAD clustering Structural analysis
e * e ‘ e ¢ ™
Interaction Matrix Model
Analysis Analysis Analysis
\_ \ \ y,




Automatic analysis and 3D-
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53 chromatin proteins

Fly Chromatin COLCRs

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

Hou et al. (2012]). Molecular Cell, 48(3), 471-484.
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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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Hi-C maps

of reprogramming from B to PSC
The SOX2 locus
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Hi-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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Models of reprogramming from B to PSC
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TADdyn. Dynamics of chromatin

Marco Di Stefano
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Ddyn: from time-series Hi-C maps to dynamic restraints
The SOX2 locus

1.5

6.0

Log2 (normalized Hi-C data)

45

50 100 150 200 250 50 100 150 200 250



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 0

B cell Ba D2 D4 D6 D8 PSC

Vanishing

e d .-




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 B to PSC
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SOX2 locus dynamics changes from
SOX2 displacement
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Germier ,T., et al, Blophys]. 113, 1383-1394 (2017).




A “cage” model tor transcriptional activation
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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 OligoSTROM & 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 OligoSTROM & 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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Cell-02



High-resolution imaging

XY/ points convolution info a density map
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Density maps
Cell-02 - Density map @ 50nm
> 6 / 829

1,280Kb 1,240Kb 1,800Kb 520Kb 520Kb 520Kb 360Kb

Area (nm?)
Volume (nm?3)

Sphericity
Overlap (%

Distance (nm)

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

Dift. distance Dift. overlap
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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
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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




http://marciuslab.org
http://3DGenomes.org
http://cnag.crg.eu

CRG? (i%

forQ@ mic NS
llooru::tloon ‘{f///

David Castillo
Yasmina Cuartero
Marco Di Stefano

rene Farabella

Silvia Galan
Mike Goodstadt

Francesca Mugianes
Julen Mendieto
Juan Rodriguez
Francois Serro
Paula Soler
Aleksandra Sparavier

N Generalitat
/. de Catalunya

 GOBERNO  MINISTERIO _
~., DE ESPANA  DE ECONOMIA, INDUSTRIA
=

Y COMPETITIVIDAD

Ny -
“ierc 3
s G

Fundacié I
La Maraté de TV3 Furndasicn Bancaria

"laCaixa’




