Structure determination of
genomes and genomic
domains by satistaction of

spatial restraints

Marc A. Marti-Renom
CNAG-CRG - |ICREA

cnag CcRG*







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).
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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).

Biomolecular structure determination

?D-NOESY data

Chromosome structure determination

3C-based data
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Chromosome walking with

super-resolution imaging

and modeling
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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
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High-resolution imaging
Tracing chr19:/,335,095-15,449,189 ~8Mb
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High-resolution imaging
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Density maps
Cell-02 - Density map @ 50nm
> 6 / 829
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Area

Structural features
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Spatial arrangement

Distance and overlap of 19 cells each with 2 homologous resolved
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Cluster properties
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Increasing resolution
Rigid body titting 3D structures based on Hi-C data

Segment 1 3D models

CombScore

L hitp://www.3DGenomes.org



http://www.3DGenomes.org

Increasing resolution

Flexible titting 3D structures based on Hi-C data
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Chromosome walking path @ 10Kb resolution
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Transcription factors dictate cell fate

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

Graf & Enver (2009) Nature
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

@ @ @0 @0 @ @ O

a4 s 2 e A h S o 5 e
4 . 3 Bl

4 { W120

B

10.5 8

et

9.0 3

o

N

15 E

0

g

..!!’3', . !!;!; a. el a4 il e s
50 100 150 200 250 50 100 150 200 250 50 100 150 200 250 50 100 150 200 250 50 100 150 200 250

How does these structural rearrangements interplay with the
transcription activitye

What are the main drivers of structural transitions®



TADbit modeling of SOX2 trom B cells Hi-C
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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

| Harmonic - HarmonicLowerBound



Ddyn: from time-series Hi-C maps to dynamic restraints
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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 tfrom 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 B to PSC
SOX2 displacement




SOX2 locus dynamics
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tructural changes from B to PSC
Other 21 loci
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Dynamics of gene activation
Trends in 21 loci
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