






A Human Cell



Human DNA

Every cell carries 6 billion DNA base pairs

When stretched out, this would extend about two meters



A nucleus of just five 5 micrometers
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• DNA packaging and 3D structure and how it affects 
Gene expression

• Mutations
• CTCF: Topologically associating domain (TAD)





• Fractals are shapes with non-integer dimension
• Fractal globules are polymers that have compact local 

and global scaling
• They can be modeled through a lattice walk in which 

every point is only visited once and no paths 
intersection, this prevents knot formation.

• Minkowski (box-counting) dimension
• N(1/n) ≈ Cnd









• A method that uses high-throughput sequencing to 
quantify interactions between pairs of genomic loci.

• It uses paired end sequencing where two fragments in 
close proximity are ligated together.

• The pair of sequences are aligned to the genome.
• Theoretically, all pairwise interactions are mapped.



• Contact probability scaling exponent ɣ for any fractal 
curve:

• ɣ = 2 – (dsurf/d)
• where dsurf is the dimension of the curve’s surface and d 

is the dimension of its interior.
• Contact domains are not strictly fractal!



• Data from Hi-C is consistent with a tension globule in 
which loops form by diffusion.

• Tiny globules form along an extended chain causing 
them to concatenate in a linear fashion.

• Contact domains form spontaneously
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• It doesn’t explain the realities of loop formation
• In the tension globule model, loop formation would 

occur via diffusion but this would invariantly lead to 
loops that overlap and cause entanglements.

• However, their experimental data shows that this 
almost never happens.

• Further, the data doesn’t explain why CTCF motifs 
must lie in the convergent orientation.



• A highly nutritious, fruit-inspired 
cereal

• Goes best with a glass of Hi-C
• Ring-shaped topology
• Low “standard deviation” in flavor 

from loop to loop



• Topologically associated domains (TADs)
• CTCF



• To understand how chromatin folded in on themselves, 
we need to understand how loops form:

• The extrusion model helps determine this.

• CTCF was known to interact with cohesion at the base 
of each loop of uncondensed chromosomes

• CTCF had inherent directionality 

• Knowing how CTCF interacts will help us understand 
how chromatin folds into globules and if we can use the 
extrusion model to predict chromatin formation and 
gene expression



Another group concurrently published a similar model of 
loop extrusion that mirrors many of the same conclusions.



Maps global binding sites for a given protein!

How does it work?
1. Crosslink DNA-protein complexes
2. Immunoprecipitate target protein
3. Purify the DNA  and sequence!







Combines targeted genomic capture and existing 
situ Hi-C libraries to observe conformation changes 
in selected genomic regions



Locus A: forward-oriented CTCF motif (AF)
Locus B: reverse-oriented CTCF motif (BR)
followed by forward-oriented motif (BF)
Locus C: reverse-oriented CTCF motif (CR)





1. Consecutive loops tend to occur together 
2. Larger loops tend to occur in a cell-type 

dependent manner
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• DNA in the nucleus is organized into 
well-defined compartments and 
domains

• A loop extrusion model explains many 
of the key characteristics of 
experimental data

• The major role of CTCF and cohesin
may be to form and maintain these 
loop structures 





Experimentally proving 
the loop extrusion model



What mechanisms are 
responsible for 
compartments and 
subcompartments?



Rewrite the topology of 
the genome, enabling 
domain-wide changes in 
gene expression.
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