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TADs and insulation are important for gene expression regulation

A TAD structure
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Are genes within the same TAD co-expressed?

e "Analyzing the relationship between CODs (coexpression domains) and
chromatin 3D organization using Hi-C contact data, we find that CODs do
not correspond to TADs. In fact, intra-TAD gene coexpression is the same as
random For most chro- mosomes." - from "Analysis of the relationship
between coexpression domains and chromatin 3D organization" Soler-Oliva
et al. 2017 PLOS Comput. Biology

e Based on bulk RNA-Seq expression of 20,502 genes from 100 normal breast
tissue samples from The Cancer Genome Atlas (TCGA).



Bulk RNA-Seq: no evidence?
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Single-cell RNA-Seq: no evidence?

e "There was no bias towards associating similar CV (coefficient of variation)
value genes with same TADS. Also, tightly co-expressed High CV genes in

each cluster were not specifically enriched for any biological process nor
primed for specific lineage."

e Based on 63 mouse ES and 32 human ES.

Manksoki et al. 2016, Comput.Biology and Chemistry
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e Available on github since 2017:
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Experimental setup:

e Basedon:
o ChIP-Seq for 271 LCLs (lymphoblastoid cell line, GM12878) and 78
primary fibroblast lines: H3K27ac, H3K4me1 and H3K4me3

o RNA-Seq for the same lines

1. ldentify ChIP-Seq peaks and correlation of activity:
2. ldentify cis-requlatory domains (CRDs):
3. Associate genes with CRDs:
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Accounting for technical and biological variability:

A. Genotype by Populations
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Map of ChIP-Seq peaks correlations:

A Genome-wide map of correlation between chromatin peaks
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ldentification of cis-requlatory domains (CRDs):
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Comparison of CRDs with Hi-C

e ChIP-Seq correlations are
associated with Hi-C
contacts

e CRDs are generally smaller
than TADs
e Regulatory elements (REs)

tend to be located at the
CRD and TAD boundaries

>

Hi-C contact intensities (log scale)

RE density

200

50

2.0

1.5

1.0

Correlations versus Hi-C contacts B
Hi-C contact distribution at correlated peaks

N @ Significant peak pairs
! O Non-significant peak pairs

[

1
|
'
A

% of significant correlations

+ Lo
32 3% 3% 3 3% 3R 3R 3@ 3@ 5@ 3R 50 @ e 30 e R AR e
momnwomwmm,\agmwho,_*m
NreNOMS 0o oo~ 2 T o
R T R S S A S W
T T T T T T 711 T 11

%
iOo
D
%
%
0

%
%

T T 1

S8 m@s@ﬁ@u@é& S
°°9.@°.3Pe°¢&9°°9@@,@h@@@,\&\@%@@a@@
Distance between peaks (kb)

CRDs versus TADs D
Overlap in terms of domain boundaries

B RE at CRD boundary
- B RE not at CRD boundary
@ TAD boundaries

Density

T T T T T T
-3e+05 -1e+05 1e+05 3e+05
Distance to TAD boundaries (bp)

50

40

15

1.0

0.5

0.0

Correlations versus Hi-C contacts

Percentage of correlations at contacting peaks

(]
- O 10% weakest Hi-C contacts
0

| @ CRDs/md=32kb / mu=97.3kb

_ J

W 1% strongest Hi-C contacts
10% strongest Hi-C contacts

1% weakest Hi-C contacts

SSESESTE S
‘9@‘?@‘9@5‘9@@5&@‘?@@@‘9«@«‘%@@‘9«;@@
Distance between peaks (kb)

CRDs versus TADs
Genomic sizes of the domains

@ TADs / md=185kb / mu=257.3kb

T T T T T
1kb 10kb 100kb 1Mb 10Mb
Genomic size



Interchromosomal coordination
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Genes-CRD association

Example of gene-=CRD associations
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Genes associated with the same CRD are co-expressed:

Gene co—-expression in cis
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Association of genes with Hi-C:
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Odds Ratio of Gene-CRD within TAD
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Conclusion:

e Coexpressed genes are associated with TADs only if mediated by the same
regulatory unit?

20



Other papers:

e 2018:

ARTICLE
OPEN

Transcriptional decomposition reveals active
chromatin architectures and cell specific regulatory
Interactions

Sarah Rennie', Maria Dalby1, Lucas van Duin' & Robin Andersson® '
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Transcriptional decomposition:

Chromatin neighbourhood

I Positionally dependent (PD) expression level
I Positionally independent (Pl) expression level
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e Association of XADs (expression-associated domains) with Hi-C:
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