Genome structure dynamics using sparse inferaction datasets

Marc A. Marti-Renom
Structural Genomics Group (ICREA, CNAG-CRG)

cnNag CRG Y £ A






Resolution Gap

Marti-Renom, M. A. & Mimy, L. A. PloS Comput Biol 7, 1002125 (2011)
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Experiments

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|ebermonA|o|en E. etal (2009). Science, 326(5950), 289-293.
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Restraint-based Modeling

Bau, D. & Marti-Renom, M. A. Methods 58, 300-306 (201 2).
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http://3DGenomes.org
Serra, F., Bau, D. et al. PLOS CB (2017)
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O previous applications. ..

Bau, D. et al. Nat Struct Mol Biol (201 1)
Umbarger, M. A. et al. Mol Cell (2011)
le Dily, F. et al. Genes & Dev (2014
Trussart M. et al. Nature Communication (2017)
Cattoni et al. Nature Communication (2017)

Stadhouders, R., Vidal, E. et al. Nature Genetics (201 8)




TADdyn. Dynamics of chromatin

Marco Di Stefano
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Exploring the time dependent structural rearrangements
of SOX2 locus during transditterentiation

Marco di Stefano



Transcription factors dictate cell tate

Graf & Enver (2009) Nature
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Interplay: topology, 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

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

new TAD border

i (OSKW)
| e D | PO |

Sox2 SE

- 1.6 \b ——

s £8
==t o o
A
SRS %
S
: ' VRN
. ey g
4
. .
T
o = )

(]
-
o
| | : - s 15 9 f
> S | g
SOX2 » R Ie B 18 =
1ol =
5

Optimal IMP parameters
lowfreq=0 , upfreg=1, maxdist=200nm, dcutoft=125nm, particle size=50nm (5kb)



Models of reprogramming from B to PSC
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TADdyn: from time-series Hi-C maps to dynamic restraints
The SOX2 locus
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TADdyn: from time-series Hi-C maps to dynamic restraints
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TADdyn: from time-series Hi-C maps to dynamic restraints
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armonicLowerBound

Transition

B -> Ba

Ba -> D2

D2 -> D4

D4 -> D6

D6 -> D8

D8 -> ES

Stable Vanishing Raising

6,984 | 7,290

18,612

[ 18512

7390 i 6,687

[
1
1
1
1
by
1
1
1
1
-
1
1
1

e e e e m e e e mmmmmemmm s sk e e m e ——m - ———————

18,369 6,830 : 6,893

7,289

g S

18,971

6,291

6,093 : 6,250

6,173

20,167

demceccc e e e e e e e

20,679

5,738




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

Distance to regulatory elements
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SOX2 locus structural changes from B to PSC

Distance to regulatory elements
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SOX2 locus structural changes tfrom B to PSC
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SOX2 locus structural changes tfrom 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
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SOX2 locus dynamics changes from B to PSC
SOX2 displacement
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Other regions. ..
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Distance to enhancers
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Structural accessibility

1.0

o
o

0.0

Accessibility

Enhancer Gene TSS

7.5e-128<0.05 1.5e-65<0.05

,_-._—

Active - Inactive - Random



Displacement (um?)
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A “cage” model for transcriptional activation




stoRNAs, a new type of structural RNAs?

Irene Farabello Marco di Stefano




RNA, nuclear organisation dynamics and architecture
Rinn and Guttman, Science: 345(6202):1240-1241 (2014)
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RNA, nuclear organisation dynamics and architecture
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Chromatin-interlinking INcRNAs

Adapted from: Caudron-Herger et al., Nucleus ;2(5):410-24 (2011)

Mitotic chromosome-associated RNAs
Adapted from: Meng et al., Nucleic Acids Res. ;44(10):4934-46 ( 2016)

RNA-DNA triplex in vivo and in vitro

Adapted from: Mondal et al. Nat Commun. 6:7743 (2015)



Are there IncRNAs that act as global architectural
factor for chromatin organisation?@

Hypothesis: such INcRNA may interact with DNA

through tfriplex formation.



IncRNA selection
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TFO,/PARSE IncRNA protiles

127 triplex forming IncRNA
with Secondary Structure information based on PARSE
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TTS protile on Chromosome

ENSTO0000505973 in chromosome 22
S profile
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3D Co-localisation of loci

ENSTO0000505973 in chromosome 22
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Fnriched Co-localised TTS site
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TADdyn modeling

Steered Molecular Dynamics
PLUMED/LAMMPS
with distance dependent harmonic restraints

Kremer and Grest 1991

Structure Population

1,000 replicas using 10% of the initial set of retrains

HIiC experiment Predicted from
(Rao @50kb) Structure population
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Benchmark measures

Pearson correlation
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Pearson correlation
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Pearson correlation

Other stoRNA TTS in Chr

HIC experiment
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Cross correlation
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Staple RNA to hold DNA®




http://marciuslab.org
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