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Human genome: 20,000 genes ; 100,000 promoters ;
500,000 enhancers; 5,000,000 regulatory elements
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In development and disease, how these elements interact to regulate gene expression ?
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A 3D Map of the Human Genome at Kilobase Resolution Reveals Principles of Chromatin Loopinget al., Cell, 2014



Background
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2. Mechanisms to organize chromatin in 3D B
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Architectural proteins: CTCF; cohesion; mediator
Non-coding RNAs

Histone modification
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How to extract information on Hi-C maps ?
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1. Compartment
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2. CDB
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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

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



HICDB Method

v' Calculate relative insulation (RI) under different
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aRl or LRI help to find CDBs under highly-connected domains.



Differential CDB example

GM12878

IMRS0

D
10 10F 100kb
20 20 F
30 30
40 40
50 50
60 60
70 70
80 80
90 3 90
conslstentlg — . ' . - 100
detected CDBs | a [ | | |
CTCF . Ly L | =
swcs [T B, 5 i
POLR2A [ 7 X L
H3K4me3 ll X .ll
H3K27ac | i »
RNA-seq(+)
RNA-seq(-) ' ' '
refseq gene
POLR2A 7 |
ChIA-PET ki : |
| NS 7 4 chr9:36,500,000-37,500,000
CTCF [ [ I | 1 T | I
ChA-PET | | | b L PAX5
| [ | L4 | ! | |
T —T = = 1 + — @ CDBs without significant insulation change @ GM12878-specific CDBs
Hi-C loop | | I I T .

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



Clustering based on aRl values

Spearman correlation of CDB aRlI values
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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 aRIl values in muscle development
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aRl score is more sensitive to sequencing
depth than compartment.



3. Loop Calling

Table 3 Methods of identifying significant interactions
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3. Loop Calling

Local background model
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Stepl. build background model.
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Step?2. calculate p-value ,fold and
FDR. (FDR was distance related )
Step3. calculate enriched pixels.
Step4. merge pixels nearby.

a Poisson process with parameter A= E_localxC’i xC/j.



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

nature
1mmun010gy https://doi.org/10.1038/541590-018-0234-8
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Transcription-factor-mediated supervision of _
global genome architecture maintains B cell Wild type
identity 200 kB

Timothy M. Johanson'##, AaronT.L.Lun"?>%, Hannah D. Coughlan®'24, TaniaTan"?, Gordon K. Smyth®3,
StephenL.Nutt ©'25* and RhysS. Allan ©"25*

Recent studies have elucidated cell-li specific three-di i organization; however, how such specific archi-

tecture is established or maintained is unclear. We hypothesized that Ilneage defining transcription factors maintain cell iden- D | s
tity via global control of genome organization. These factors bmd many genomic sites outside of the genes that they directly

regulate and thus are potentially implicated in three-di organization. Using chromosome-conformation-

capture techniques, we show that the transcription factor Paired box 5 (Pax5) is critical for the blisk t and maint e

of the global lineage-specific architecture of B cells. Pax5 was found to supervise genome architecture throughout B cell differ-

entiation, until the plasmablast stage, in which Pax5 is naturally silenced and B cell-specific genome structure is lost. Crucially,

Pax5 did not rely on ongoing transcription to organize the genome. [These results implicate sequence-specific DNA-binding

proteins in global genome organization to establish and maintain lineage fidelity.
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4. Differential Loop Detection

DEseq 2 Read count matrix K;; (gene i, sample j) ulj Xnorm] XHOI‘IHZ

Design matrix Xj,- (sample j, condition r)
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* a: dispersion parameter SI]_ norml X normz
* Hij = Sjqij

T 1
* s = median—%, KR = (X, K;; )™
b ikRzo KETT (21 Ky) local | sample rep

*log(qij) = Xr X;rBir DP  GM,DM 1,2,3(GM)1,2,3 (DM)
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Null hypothesis: Beta=0 (gene is not differential as
gene does not change when condition changes)
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5. Structural Variation

v'20-100M reads (1-5X coverage);
v'’complex / large-scale structural variation
v'breakpoint in repeat region
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Features local maximal peak in distal regions = NMS
loss of interaction in breakpoint(possible)
right angle with direction - gradient/template matching  in development



6. Genome Assembly

Band-tailed pigeon (Patagioenas fasciata) !

Draoft assembly:
Murray et al. Science (Nav 2017) (lllumina DNA-Seq + Dovetail)

R108v.1.0 R108 v. HIiC i

Draft assembly:
Moll et al. BMC Genomics (Aug 2017) (PacBio DNA-Seq + Bionano + Dovetail)



Take home message

Practice is the sole criterion for testing
truth.
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PCA & clustering genome reassemble

chromatin modeling

efficient; QC; visualization; multiple feature detection

Have fun in exploring biological data !



Michael Q. Zhang Lab @ THU

Thank you!

Fengling Chen [%: X34 Ph.D. candidate

Email: cfl15@mails.tsinghua.edu.cn

fchen@github
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