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Why is structure important?

“Sequences are easy
Structures are hard
Functions are to be defined
My grant score: disregard”

- Structure is more conserved than sequence
- Similar structures tend to have similar function.
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DNA organizes in the nucleus
How long do you think DNA inside a human cell is? ~2 m.



Why is the 3D genome structure important?
ü Gives information on cell and metabolic regulation
ü Tells us about the expressed genes on a tissue in a certain 

timepoint
ü Helps us with assemblying new de novo reference genomes
ü Fundamental to understand embryo development



Misteli, Cell, 2020. 10.1016/j.cell.2020.09.014 



The resolution gap:
Techniques used to study 3D DNA conformation. Knowledge gap in the between?

Martí-Renom & Mirny, PLOS Comp Bio, 2011. 10.1371/journal.pcbi.1002125



Chromosome 
Conformation 
Capture
Techniques
Or... 3C derived techniques.

Hakim & Misteli, Cell, 2012



HiC-technique 101

Figs adapted from:
Ulyanov et al., 2015.
Lieberman-Aiden et al., 2009



How to 
read a HiC 
matrix









Molecular reconstruction of the 3D genome.
A hierarchical issue



Bonev and Cavalli, Nat. Rev. Gen, 2016. https://doi.org/10.1038/nrg.2016.112



Bonev and Cavalli, Nat. Rev. Gen, 2016. https://doi.org/10.1038/nrg.2016.112

Chromosome territories and genome 
compartmentalization



Lin et al, Cell and Tissue Research, 2025. 10.1007/s00441-025-03974-2
 



Bonev and Cavalli, Nat. Rev. Gen, 2016. https://doi.org/10.1038/nrg.2016.112



TADs are functional units
(Though some just call them Triangles At the Diagonal )

Lupiáñez et al, Cell, 2015. 10.1016/j.cell.2015.04.004



TADs are functional units
Or are they?

Lupiáñez et al, Cell, 2015. 10.1016/j.cell.2015.04.004



Loops



Fudenberg et al., 2018 Cold Spring Harb Symp Quant Biol 2017 doi: 10.1101/sqb.2017.82.034710

Loop extrusion as a TAD forming mechanism



https://www.youtube.com/watch?v=8FW6gOx5lPI



Lin et al, Cell and Tissue Research, 2025. 10.1007/s00441-025-03974-2
Feric and Misteli, Trends in Cell Biology, 2021. 10.1016/j.tcb.2021.03.001
 

LLPS is how cells form dynamic, membrane-less compartments by condensing specific proteins 
and RNAs into liquid droplets to regulate biochemical reactions.

How does the genome look like?
Liquid-liquid phase separation (LLPS)



Feric and Misteli, Trends in Cell Biology, 2021. 10.1016/j.tcb.2021.03.001
 

How does the genome look like?
Liquid-liquid phase separation (LLPS)



How does the genome look like?
Liquid-liquid phase separation (LLPS)



What do we need to know about NGS in HiC

Serra et al., 2017 PLoS Comp Bio
Stadhouders et al., 2018, Nat Gen



TADbit



Many alternatives



TADbit tools



TADbit tools



TADbit tools



> TADbit map
GEM3, bowtie, hisat



Ø 80-90% each end => 64-81% intersection
Ø 1% multiple contacts
Ø Many of these will be lost in the filtering…

How much do we map?



>TADbit parse



>TADbit parse



>TADbit filter

~40 %

Out of mapped pairs:
~10 % ~20 %



>TADbit normalize



TADbit tools


