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To fit in a cell nucleus, 
DNA folds up into an 
area 1/100,000 the size 
of the head of a pin.

Questions
How is it organized?
Why so tightly folded?
How can we study it?

DNA folding is important
- Regulate gene expression
- Maintain cell fate
- Mediate gene interactions

DNA forms a complex 3D structure 
inside each cell. Think of it like a 
piece of yarn crumpled up.
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Hi-C reveals which sections fold 
together in the cell
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Consensus approach
Find a single “best” 
structure

Ensemble approach
Find a group of 
structures that 
together represent 
the data

•  Break the genome into smaller pieces.
•  Randomly fold each piece millions of times, 
trying to get closer to the “true structure.”
•  Save structures every 100,000 folds. Generate 
an ensemble of 5000 structures. 
•  Compare to the experimental data.
•  Analyze properties of the structures.

M y  s o l u t i o n  t o  t h e  3 D  r e c o n s t r u c t i o n  p r o b l e m
a  2 - s t e p  e n s e m b l e  a p p r o a c h
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Clustering on RMSD
(Root Mean Squared Deviation)

t h e  3 d  r e co n s t r u c t i o n  p r o b l e m

An ensemble approach is better
- Matches experimental design
- Hi-C done on a population of cells
- Average properties across many structures

3D alignment 

Cluster Characteristic %
elongated center, folded left end
elongated structure
folded at both ends
folded in center and at right end
very folded, typical loop domain
ends always close

0.03% 
0.01%
13%
17% 
50%
16%
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Step 1 only works for small pieces of DNA.  
Step 2 uses a similar Markov Chain Monte 
Carlo (MCMC) sampling procedure, but for 
the whole chromosome. 

•  Start with a member of the ensemble for each DNA section 
•  Change the organization of the structures randomly.
•  Attempt to better reconstruct the experimental data.
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Move an element 
linearly in 3D space

If C is a nx3 vector containing 
the points in 3D space, the 
translation is:

R is a rotation matrix, then:

S is a scaling matrix, then:

C’ = C+v

C’’’ = SC’’

C’’ = RC’

Rotate a structure by a random 
amount around x, y and z axis

Scale a structure by a 
random factor

Change for a different 
member of the 
ensemble
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