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The genome folding problem

Credit: U.S. National Library of Medicine

How can a 2 meters of DNA being packed  into a 10 um diameter cell ?

10 microns



Chromosome Conformation Capture-based assays measure 

proximal pairs of DNA loci 

Dekker et al. Science 2002,

Lieberman-Aiden, Van 

Berkum et al.,Science 2009 

Rao et al., Cell 2014 

Data: 1-10 billion sequencing reads

• Technical bias  (from the sequencing and mapping) 

• Biological bias (inherent to the physical properties of chromatin) 3D Yeast S.Cerevisiae

Multidimensional          scaling (MDS)



Reproducibility / Evaluation problem 

Chromosome Conformation Capture-based

3D S. cerevisae

reconstructions 



Knot / Link exists in nature 

Linking Number is a topological 
Invariant – use to compute 
entanglements



It is difficult to measure entanglement in open 

chains

Refs: E. Rawdon, K. Millett, J. Sulkowska …

Desired properties 
• Computable, Well defined, Interpretable
• Stable: minimum effects from small perturbations 
• Be continuous in “some sense” 

Pouokam et al. 2019                               Pouokam et al. (in prep)



Solution: Closure



2

1

Results: The linking proportions (Lp) measure entanglement 

between pair of chromosomes and are lower than expected…

Lp are recorded in %.

Lp > 50% in 
red



Our statistical agreement  approach

test to assign p-values: correct p-values for multiple testing 



Model and test  formulation 



Pearson Chi-square test statistic 



Conclusion

The Likelihood Ratio test and Pearson Chi-Square test  

separated all reconstructions obtained by MDS methods 

Most p-values << 0.0001



Semi-soft thresholding approach for inference of proportions



Semi-soft thresholding approach discriminates all

MDS  reconstructions 



MDS-based reconstruction approaches   fail to 

preserve chromosomal topology

Conclusion



MDS



CCC data 



Smooth3D, Inferring 3D structure of genome via cubic 
spline approximation 







Result: Differing views of 3D Reconstruction structure of 

chromosome I  



Chromosome I from Smooth3D (A) and MDS methods (B, C) 





• Obtaining 3D genome conformation is important

• Reconstruction methods are challenging  

• Many 3D reconstructions are consistent with any given contact map 

(Optimization methods – local minimal)

• Can be diagnosed by comparing obtained solution under perturbed 

data inputs, constraint  specifications, starting conditions

• Measuring entanglement can help exploring topological state of 

genome reconstructions

• In agreement assessment of 3D reconstructions, the metric is as 

important as the referent distribution

• Before any downstream functional analysis could be made we need  

reconstruction methods should be fast and stable, Smooth3D ???!!!

Conclusion
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