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Roadmap Epigenome Consortium, Nature, 2015; 
Organization and Regulation of Human Genome, Bing Ren, ENCODE 2016 Meeting, 2016

Human genome: 20,000 genes ; 100,000 promoters ;  
500,000 enhancers; 5,000,000 regulatory elements  

In development and disease，how these elements interact to regulate gene expression ?

Background



A 3D Map of the Human Genome at Kilobase Resolution Reveals Principles of Chromatin Loopinget al., Cell, 2014
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Organization and function of the 3D genome. Nature Reviews Genetics. 2016 

Background

1. Hierarchical folding of chromatin 
Chromatin territory
Compartmentalization of megabase-scale chromatin.
Topologically associating domains; 
Chromatin loops

2. Mechanisms to organize chromatin in 3D 
Architectural proteins:  CTCF; cohesion; mediator
Non-coding RNAs
Histone modification
Phase separation

How to extract information  on Hi-C maps ?



1. Compartment

PCA of PC1 values in muscle 

development

The basic idea behind PCA is 
to redefine the coordinate 
system such the data can be 
"described" with as few 
dimensions as possible. 



2. CDB

Formation of new chromatin domains determines pathogenicity of genomic duplications. Franke et al. Nature. 2016 

contact domain boundaries (CDBs) includes TAD boundaries and sub-TAD boundaries.

TADs： invariant/conserved; absolute insulated

sub-TADs : varied ; cell-type specific gene regulation; relatively insulated 



highly-connected domain

HiCDB Method
✓ Calculate relative insulation (RI)  under different 

window size 

✓ Peak detection on average RI

✓ Remove background 

✓ Cut-off chosen (GSEA-like method)
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aRI or LRI can be compared genome-wide
aRI or LRI help to find CDBs under highly-connected domains.



Differential CDB example

Cell-type-specific CDBs correlate with cell-type-specific histone modification and gene activation. 



Clustering based on aRI values

Spearman correlation of CDB aRI values

heart brain

hES-derived
same as compartment

A compendium of chromatin contact maps reveals spatially active regions in the 
human genome[J]. Schmitt A D, et al. Cell reports, 2016.

PCA of  CDB aRI values in muscle development

aRI score is more sensitive to sequencing 
depth than compartment.



3. Loop Calling 

local background model Global background model 



3. Loop Calling 

Local background model 

pw

a Poisson process with parameter λ= E_local×C’i ×C’j.

Step1. build background model.

Step2.  calculate p-value ,fold and 
FDR.  (FDR was distance related )
Step3. calculate enriched pixels. 
Step4. merge pixels nearby. 



4. Differential Loop Detection

Differential interaction： test for each  pixel (diffHiC, HiCcompare);  

test for each pixel considering neighborhood (FIND) 

Differential loop:  test for each loop considering neighborhood 

50kb    diffHiC



4. Differential Loop Detection
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𝑆ij=
norm_expected

𝑛𝑜𝑟𝑚1 × 𝑛𝑜𝑟𝑚2

DEseq2

local sample rep

D,P GM,DM 1,2,3 (GM) 1,2,3 (DM)

design formula  ~ rep + sample + rep:sample +  local + sample:local
Null hypothesis: Beta=0 (gene is not differential as 

gene does not change when condition changes)

Phanstiel, Douglas H., et al. “Static and dynamic DNA loops form AP-1-bound activation hubs during macrophage development.” Molecular cell 67.6 (2017): 1037-1048.  (10 kb)



✓20-100M reads (1-5X coverage)；
✓complex / large-scale structural variation 

✓breakpoint in repeat region 

Features local maximal peak in distal regions → NMS

loss of interaction in breakpoint(possible)

right angle with direction → gradient/template matching 

5. Structural Variation

In development



6. Genome Assembly



efficient; QC; visualization; multiple feature detection

Practice is the sole criterion for testing 
truth.

Have fun in exploring biological data !

Take home message



Michael Q. Zhang Lab @ THU

Fengling Chen 陈凤玲: Ph.D. candidate

Email: cfl15@mails.tsinghua.edu.cn

fchen@github

Thank you！
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