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level |: 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 lll: Lamina-genome interactions

B nuclear membrane
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e Genes
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level IV: Higher-order organization

Dekker, J., MartirRenom, M. A. & Mimy, L. A. Nat Rev Genet 14, 390-403 (201 3).
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level V: Chromatin loops
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level VI: Nucleosome
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Complex genome organization

Cavalli, G. & Misteli, T. Functional implications of genome topology. Nat Struct Mol Biol 20, 2Q0-299 (201 3).
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Chromosome Conformation Capture

CROSSLINK

Protein ;

CUTTING §
Endonuclease /
digestion % S
Sonication
LIGATION Biotin dACTP fill in Immunoprecipitation Immunoprecipitation
biotinilated linkers
o e +
DETECTION Multiplexed Digestion with : : .
amplification four base cutter Sonicate Mmel digestion
| S— Ligation Pull down //Qﬂ
* &7
PCR with PCR with 4 PCR with
specific primers universal primers specific primers Pull down
Inverse PCR _E'L
* —_
library T e S mp—_ — _E.L —
COMPUTATIONAL
ANALYSIS
@0 Chromatin-associated factors
[ Gene
3C 5C 4C Hi-C ChIP-loop ChlA-PET

Hakim, O., & Misteli, T. (2012). SnapShot: Chromosome Confirmation Capture. Cell, 148(5), 1068-1068.e2.

ARTICLE

doi:10.1038/nature12593

Single-cell Hi-C reveals cell-to-cell
variability in chromosome structure

Takashi Nagano'*, Yaniv Lubling?*, Tim J. Stevens’*, Stefan Schoenfelder’, Eitan Yaffe?, Wendy Dean®, Ernest D. Laue?,

Amos Tanay” & Peter Fraser!

LETTER

doi:10.1038/nature20158

Capturing pairwise and multi-way chromosomal
conformations using chromosomal walks

Pedro Olivares-Chauvet', Zohar Mukamel', Aviezer Lifshitz', Omer Schwartzman', Noa Oded Elkayam', Yaniv Lubling’,

Gintaras Deikus?, Robert P. Sebra? & Amos Tanay'

nature
genetlcs

ARTICLES

https://doi.org/10.1038/541588-018-0161-5

Enhancer hubs and loop collisions identified from

single-allele topologies

Amin Allahyar"?7, Carlo Vermeulen ®37, Britta A. M. Bouwman?, Peter H. L. Krijger?,

Marjon J. A. M. Verstegen?, Geert Geeven?, Melissa van Kranenburg?, Mark Pieterse3, Roy Straver®’,
Judith H. I. Haarhuis*, Kees Jalink®, Hans Teunissens, lvo J. Renkens', Wigard P. Kloosterman',
Benjamin D. Rowland?, Elzo de Wit®5, Jeroen de Ridder ®™* and Wouter de Laat®*

Cell

Higher-Order Inter-chromosomal Hubs Shape 3D
Genome Organization in the Nucleus

Graphical Abstract

]
H
s Sequence

SPRITE
.Tag.. 0...0.‘ ..55 N
. . 3
oW W WS WS
Split Pool
ARTICLE

Authors

Sofia A. Quinodoz, Noah Ollikainen,
Barbara Tabak, ..., Patrick McDonel,
Manuel Garber, Mitchell Guttman

Correspondence
mguttman@caltech.edu

Chromatin conformation analysis of primary
patient tissue using a low input Hi-C method

Noelia Diaz® ', Kai Kruse® ', Tabea Erdmann?, Annette M. Staiger3/4'5, German Ott3, Georg Lenz? &

Juan M. Vaquerizas® '

Compartment-dependent chromatin interaction dynamics revealed by

liquid chromatin Hi-C

Houda Belaghzal", Tyler Borrman®, Andrew D. Stephens®, Denis L. Lafontaine', Sergey V.
Venev', Zhiping Weng?, John F. Marko®*, Job Dekker' ® ¢#



Chromosome Conftormation Capture
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Chr 14

Hierarchical genome organisation

Lieberman-Aiden, E., et al. (2009). Science, 326(5250), 289-293.
Roo, S. S. P., etal. (2014). Cell, 1-29.
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TADs are tunctional units
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TADs are tunctional units

Figure adapted from Hui Zheng and Wei Xie. Nature Reviews Molecular Cell Biology (2019)
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Virt. 4C
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TADs are tunctional units

Despang, et al. (2019). Nature Genetics 51,1263-12/1 (2019
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loop-extrusion as a TAD forming mechanism

Fudenberg, G., Imakaev, M., Lu, C., Goloborodko, A., Abdennur, N., & Mirny, L. A. (2018).
Cold Spring Harb Symp Quant Biol 201/, 82: 45-55
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Dynamics of gene activation

Marco di Stefano

Ralph Stadhouders
with Graf Llab (CRG, Barcelona)

Nature Genetics (2018) 50 p2383
Nature Communications (2020) 11 p2564

Photo by David Oliete - www.davidoliete.com



Transcription tactors dictate cell tate

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

Distance to regulatory elements

ATAC-Seq

(hm)

(Mb)

Distance to Sox2 locus

Genomic coordinates

PSC

@ @ @@ @ @

I i




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 B to PSC
SOX2 displacement




SOX2 locus dynamics
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Dynamics of gene activation
3D enhancer hubs
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