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Functional genomic/epigenomic elements range across scales
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Experimental procedure

Biology

T downstream analysis,
data integration
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Pile-up for visualization
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Transcription Factors vs. Histone Marks

DNA-binding proteins
(Transcription factors)

Histone Marks (Histone
modifications, histone variants,
chromatin regulators™)

Cell type specificity

Both factor and profile

Profile

Signal width (“peak size”) Narrow Narrow or broad
Chromatin accessibility High High or low

DNA sequence motif Yes No

Resolution Up to 1-10bp Nucleosome (200bp)
Peak calling tool MACS SICER




Peak calling: Scale matters

« Sharp peaks (<1kb) * Broad peaks (>1kb)

transcription factor binding, DNase/ATAC-seq Histone modifications,
“super-enhancers”

Diffuse signal
MACS (Zhang et al, Genome Bio 2008) J

dynamic background SICER (Zang et al, Bioinformatics 2009)

Poisson model Spatial clustering of localized weak
signal and integrative Poisson model
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Histone modification patterns are intrinsically diffuse

(a)
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H3K27me3 tag count summary
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Histone modification tends to spread out

Domain
formation
model for
repressive
marks

Nucleation
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Functional annotation of common histone marks

Functional Annotation Histone Marks
Promoters H3K4me3
Bivalent/Poised Promoter H3K4me3/H3K27me3
Transcribed Gene Body H3K36me3

Enhancer (both active and poised) H3K4me1

Active Enhancer H3K4me1/H3K27ac
Polycomb Repressed Regions H3K27me3
Heterochromatin H3K9me3

Modified from Rivera & Ren Cell 2013

11



SICER

« Spatial-clustering Identification of ChlP-seq Enriched Regions
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Other approaches for chromatin domains

« ChromHMM: Hidden Markov Models (Ernst & Kellis)

* Recognicer: Coarse-graining (Zang, et al. 2020)



RECOGNICER: calling ultra-broad ChIP-seq peaks using
coarse-graining

* Recursive Coarse-Graining approach for Identification of ChiP-seq Enriched Regions

* Block transformation under [ By i s
a majority rule 11 l 11

111
* Approach: B N N

— Recursive block
transformation W F W w
— Trace back to identify | T

candidate enriched regions
— Significance determination
— Scale-free

~,—

https://zanglab.github.io/SICER2/ Zang et al. Quantitative Biology 2020



https://zanglab.github.io/SICER2/

RECOGNICER: calling ultra-broad peaks from ChIP-seq data

* Recursive Coarse-Graining approach for Identification of ChlP-seq Enriched Regions

chr1: 71,190,000— 71,360,000

b iil, Jle@ﬂw.UmuMJ. ok Jﬁﬁm 1

SICER — LA

RSEG
MUSIC
RECOGNICER

PTGER3

PTGER3

chr1: 42,300,000—42,700,000

SICER iImn iEEE R & 1
RSEG
MUSIC
RECOONCER R . . RSEG: Song & Smith 2011
A ' — MUSIC: Harmanci et al 2014

https://zanglab.github.io/SICER2/ Zang et al. Quantitative Biology 2020
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Functional genomic/epigenomic elements range across scales

log10 bp 1

5 =

4 | [ Compartments }
S
5 3| [ DNA looping, TADs J
O
7))
och 2 F Histone modifications J

Chromatin accessibility J
1L
TF binding J
offze.
0 1 2 3 4 5 6 7 log10 bp

(AT
AR

Scale of biological objects



Functional genomic/epigenomic elements range across scales
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Scale-free property of chromatin domains
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Scale-free: Power-law distribution

o Scale-free network

— Fraction of nodes in

the network having
K connections
follows power-law
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Crosslink DNA Cut with Fill ends Ligate Purify and shear DNA;  Sequence using
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Hi-C contact heatmap for 3D genome interactions

(o Lieberman-Aiden et al. Kalhor et al. Jinetal. In situ Hi-C
(GM06990) (GM12878) (IMR90) (GM12878)
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Hi-C analysis

Chromatin compartments * Topologically Associating
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Essential elements in a Hi-C contact heatmap

94 95 Mb

Scale, scale, scale

Resolution

Normalization

Blocks, stripes, loops (2d peaks)

data GM12878 Hi-C

5 kb resolution
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Scale-free property of Hi-C maps

Interaction frequency

Multi-Mb large
compartments

POV VI VYV OWVWUN

Eigenvector

Transcription | — S

Broadly inactive i Broadly active
B compartment ) A compartment

~1 Mb TADs

Rowley & Corces, Nat Rev Genet (2018)
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Hi-C: Power-law property of contact probability distribution
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Fractal Structures
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Fractal Dimension
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Fractal Dimension: Koch Snowflake
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Hilbert Curve
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Peano Curve
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3D Peano Curve
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Fractal Structure of Genome Organization
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Summary

Genomic elements range across scales

Effective/meaningful computational analysis should
consider scales

Genome structure is complex
Fractal and scale-free properties
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Scales of histone mark islands and chromatin domains

 Narrow: a few nucleosomes, 0.5kb ~ 5kb
— H3K4me3, H2A.Z, etc.

« Broad: 5kb~100kb

— Gene loci, chromatin domains, super-enhancers
— H3K4me1, H3K27ac, H3K36me3, H3K27me3, etc.

* Very broad: >100kb

— Large chromatin domains, chromatin compartments
— H3K9me3, H3K27me3



