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Characterizing Chromosomal Contacts:
Contact maps and scalings

Contact maps Contact probability scalings:
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TADs: Topologically Associated Domains
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What mechanisms can define TADs
and TAD boundaries consistent with
experimental data?



Methods: Polymer simulations

Experimental Simulation
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Previously explored models:

thick-thin stiff-flexible




SMCs as loop-extruding proteins
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Basic kinetic model of SMC Loop

Extrusion
SMC binds DNA SMC extrudes DNA SMC releases DNA
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SMC loop extrusion + boundary
— TAD boundaries?

TAD boundaries have been shown to be highly bound by a
number of key epigenetic regulators.

Hypothesis: Boundaries which halt SMC loop extrusion or
release SMC loops can in turn create TAD boundaries




Complications of the kinetic model

1. What happens when a loop meets a

boundary? F
2. What happens when a loop meets another

loop?




Kinetic SMC model: Loop-boundary behavior

o P
> ®
;g_ Jaf O
Boundary @
-0
o ¥

Stall Release



Kinetic SMC model: loop-loop behavior
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Four variations on the basic kinetic
model of SMC loop extrusion

Since details of SMC loop extrusion are unknown, we
tested a number of possible variations:

- Boundary stalling and loop-loop stalling (stalling/stalling)

- Long boundary stalling and loop-loop stalling (long-stalling/stalling)
- Boundary release and loop-loop crossing (release/crossing)

- Boundary release and loop-loop stalling (release/stalling)



SMC extrusion kinetic Model 1:
Boundary stalling and loop-loop stalling
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SMC extrusion kinetic model 1:
Contact Map (stall/stall)
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Stall-stall: Scalings

contact frequency
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SMC extrusion kinetic Model 2: Long
boundaries and loop-loop stalling
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Long boundary: Contact maps
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Long boundary: Scalings
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SMC extrusion Model 3: Boundary
release and loop crossing
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Release/cross: Contact map
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Release/cross: Scalings
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SMC extrusion Model 4: Boundary
release and Ioop sta"ing OPointboundarystaII/staII
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Release-stall: Contact map
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Release-stall: Scalings
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Comparison of
models
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Conclusions and Discussion

e Our models of SMC loop extrusion can reproduce some features of TAD
contact maps but do not completely reproduce TAD scalings

e Details of SMC behavior strongly affect simulated contact maps and
scalings
o Release at boundaries / stalling between loops best reproduced
experimental data

e Further biological experiments are necessary to determine detailed
mechanisms of SMC action & TAD formation
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