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3D organization of genome
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3D organization of genome
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Chromosome conformation capture 
(3C) and Hi-C
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Data: 
Rao et al. Aiden, Cell 2014



1. Reproducibility and QC metrics in ENCODE 
3D nucleome subgroup 

2. Identifying topologically associating 
domains in multiple resolutions
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Updates of the ENCODE 3D 
nucleome subgroup 

7slide adapted from Noble lab



Evaluate reproducibility metric

8slide adapted from Noble lab
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r=0.95

r=0.70

Comparing contact matrices is a 
technical challenge



• leading eigenvectors capture the 
structures of the graph (dimension 
reduction) 

• equivalent to eigenmodes of the 
corresponding random walk on the 
graph 

• for each pair of leading 
eigenvectors, calculate the 
Euclidean distance
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Quantifying reproducibility using 
spectral graph theory
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Quantifying reproducibility using 
spectral graph theory



Quantifying reproducibility using 
spectral graph theory
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ENCODE3-G401A-HindIII-R1__hg19__hdf
ENCODE3-G401B-HindIII-R2__hg19__hdf
ENCODE3-RPMI7951C-HindIII-R1__hg19__hdf
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ENCODE3-A549D-HindIII-R2__hg19__hdf
ENCODE3-NCIH460A-HindIII-R1__hg19__hdf
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ENCODE3-PANC1B-HindIII-R1__hg19__hdf
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ENCODE3-T470B-HindIII-R2__hg19__hdf
ENCODE3-SKNDZA-HindIII-R1__hg19__hdf
ENCODE3-SKNMCC-HindIII-R1__hg19__hdf
ENCODE3-LNCaPC-HindIII-R1__hg19__hdf
ENCODE3-SKNDZB-HindIII-R2__hg19__hdf
ENCODE3-LNCaP-HindII-R2__hg19__hdf
ENCODE3-SKNMCD-HindII-R2__hg19__hdf
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ENCODE3-SJCRH30A-HindIII-R1__hg19__hdf



Simulating Noise in Hi-C

13slide adapted from Noble lab



Simulating Noise in Hi-C

14slide adapted from Noble lab

TADs?



• Studies of reproducibility and QC metric in 
ENCODE 3D nucleome subgroup 

• Identifying Topologically associated domains 
in multiple resolutions
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Topologically associating domains 
(TADs)

16hESC chr1 Weinreb and Raphael, Bioinformatics 2015
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How could we identify such domains in multiple resolution?  
Domains resemble network modules
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Number of contacts versus genomic 
distance

Data: Dixon et al. 2012
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Number of contacts versus genomic 
distance

Data: Dekker A549C
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hES, chr 10, bin size: 40kb
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Identifying TADs in multiple 
resolutions



res=.8

res=1.25

MrTAD Finder: a tool to identify 
TADs in multiple resolutions
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all resolution=1

Relationship between TADs and 
chromatin features
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chromatin features near domain 
boundary
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Comparison with existing algorithms

MrTAD Finder 
Dixon et al.

MrTAD Finder Dixon et al.
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Domains interaction strength
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Boundary features with respect to 
resolution

distance from boundary
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Chromatin signatures in different 
resolution

H3K27me3

• various chromatin features, where 
are they distributed along the 
domains? 

• effects of the resolutions? types of 
domains? 

• enrichment of peaks/signals?
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Replication timing

reply-chip data: 
H1 ESC

res=0.75 res=1 res=1.25

early replication domains

late replication domains

U-shaped domains

Gilbert lab



Compartments versus domains
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Cij = cor(Wij/Eij)

hESC chr10



Compartments versus domains
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TADs

co
m

pa
rtm

en
t v

ec
to

r

res=0.75

res=1

res=1.25

hESC chr1



0 3mb 6mb

0

3mb

6mb 0

2

4

6

8

10

12

14

16

log PGM12878. chr 10. bin size=5kb 

Enrichment of contacts

Data:Rao et al. Cell 2014 
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cf. real contacts vs. null 
assume Poisson distribution (log P) 

Likely to have many false positive  
 because of over dispersion.



Summary and the next steps

32

• MrTAD Finder: a novel tool to identify TADs  

• take into account of a background that captures 
genomic distance (the idea could be used in other 
network context) 

• based on global optimization inspired by network 
modules as oppose to local approaches in existing 
methods 

• with a concept of continuous resolution, more 
general than a bottom-up hierarchical structure



Summary and the next steps

33

• Certain characteristic features for different resolutions 

• histone marks 

• expression (active and inactive domains) 

• replication timing (domain with multiple resolutions too?) 

• k-mer frequency in TADs across multiple resolutions (with ANS, Yunsi) 

• Can interaction strength be reflected by chromatin features (combinatorially) near 
the boundary? CTCF orientation? 

• Comparison between different cell types 

• To compare with existing methods: Dixon et al. Nature 2012, Rao et al. Cell 2014, 
Weinreb1 and Raphael Bioinformatics 2015 (TADtree), Malik and Patro bioRxiv 2015 
(Matryoshka)
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