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PROBLEM 1: how can a small protein control long-range
interactions?
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Chromosome Conformation Capture (Hi-C)
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Occam's razor approach
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Smaller domains within compartments
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Domains boundaries are essential for domain formation
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Domains boundaries controls functional interactions

Structural variations affecting TAD boundaries
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Domains of controls functional interactions in cancer
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Figure 3 | Insulator loss allows PDGFRA to interact with a constitutive
enhancer. a, Contact domain structure shown for a 1.7-Mb region
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What mechanism can lead to domain formation?
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Mechanism of loop extrusion

Formation of Chromosomal Domains by Loop Extrusion
bioRxiv Aug 14 (2015)

Fudenberg, Imakaev et al. biORXiV
DOI: 1 O- 1 1 01 /024620 THE PREPRINT SERVER FOR Bblz:?)cv



Loop extrusion proposed
for chromosome condensation
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Figure 5 A model for how condensin could form axial cores

and thereby help to resolve sister chromatids from each other.
Annu. Rev. Genet. 2001. 35:673-745
Copyright © 2001 by Annual Reviews. All rights reserved M

Di1SSEMINATING THE GENOME: Joining, Resolving, [ [T Tl TP [
and Separating Sister Chromatids During
Mitosis and Meiosis

Kim Nasmyth = Annu. Rev. Genet. 2001. 35:673-745
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Loop extrusion during interphase and

with boundaries
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Formation of Chromosomal Domains by Loop Extrusion

bioRxiv Aug 14 (2015) o o Self-organization of domain structures by
Fudenberg, Imakaev et al. leRX iv DNA-loop-extruding enzymes
DOI: 1 0 1 1 01 /024620 HE PREPRINT SERVER FOR sblte):zcv Elnaz Alipour™* and John F. Marko™*



Loop extrusion + polymer model

Model e o

36 domains=15Mb
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3D simulations of
polymer dynamics

1 monomer = 600bp

30,000 monomers




Quantitative characteristics
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Loop extrusion can lead
to enriched interactions between boundaries
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Loop extrusion can lead
to enriched interactions between boundaries
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Domains are dynamic systems of extruded loops
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Border-to-border loops
cannot reproduce Hi-C data
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CTCF is an orientation-dependent boundary element
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SOLVES THE SCALE PROBLEM

~3 nm

~ s

iInsulates Crogs-_dgmain loops, but
does not prevent 3D contacts
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Compaction and segregation of sister chromatids via
active loop extrusion

Goloborodko, Marko, Mirny biORXiV

biORXiV Jan (201 6) THE PREPRINT SERVER FOR Bblgtzcv

Mitotic chromosome compaction via active loop extrusion
Goloborodko, Marko, Mirny . .
bioRxiv June (2015) bioRyiv
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PROBLEM 2: how can chromosome condense while

acquiring elongated morphology and linear order?

PROBLEM 3: how can two sister chromatids condense
separately, i.e. segregate and disentangle
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Loop extrusion




Loop extrusion is sufficient for
prophase condensation
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Compaction and segregation of sister chromatids via
active loop extrusion
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Loop extrusion is sufficient for
sister segregation

Compaction and segregation of sister chromatids via
active loop extrusion

Goloborodko, Marko, Mirny b i (@) RX iV
biORXiV Jan (201 6) THE PREPRINT SERVER FOR Bbl(e)tgcv



Summary

Active loop extrusion ~ &® -
AN

- Universal mechanism

- Chromosomes are active media

Interphase ~100Kb e

1. Remove boundaries
2. More (x5-10) loop extruding factors
cohesin is replaced by condensins
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- Chromosomes are active media
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