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Players and Models of
Transcription Regulation in 3D genome

The players: DNA, Protein, RNA

Protein-mediated chromatin interactions RNA-mediated chromatin interactions

Van Bortle K, Corces VG. 2012.
Annu. Rev. Cell Dev. Biol. 28:163-87 Rinn and Guttman Science 2014
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ChIA-PET for 3D genome mapping

(multiplex datasets)
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 Non-enriched contacts (Hi-C like data) « Single nucleotide resolution

Fullwood et al 2009 Nature; Li et al 2012 Cell; Tang et al et al 2015 Cell



In situ Hi-C
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Total PET reads: 1 Miseq = 6.4 Million; 1 Hiseq = 30.8 Million

Tang et al 2015 Cell
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Connecting loops to form CTCF Contact Domains (CCD)
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RNAPII associated chromatin interactions

Extra-genic enhancer-promoter interaction (EP)
Single gene complex

Inter-genic promoter-promoter interaction (PP)
Multi-gene complex
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2D mapping data
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3D visualization

CTCF RNAPII DNA Colocalization

Przemyslaw Szala, Dariusz Plewczynski Pawel Trzaskoma, Grzegorz M. Wilczynski,



Common & cell-type specific
chromatin looping structures
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Common & cell type-specnflc CCD structure
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Genetic variations alter chromatin domains

chr6:31426075-31930740 (504 kb)
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Haplotype-resolved interactions linked to genetics
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High-risk SNPs for asthma and autoimmune disease alter
domain-wide transcription of certain genes (Verlaan 2009)

SNP-based validation of CTCF binding and looping
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3D Genome Structure = Genome Function

3D chromatin architecture Haplotype chromatin interaction
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Players and Models of
Transcription Regulation in 3D genome

The players: DNA, Protein, RNA

Protein-mediated chromatin interactions ﬂNA—mediated chromatin interactionx

Van Bortle K, Corces VG. 2012.
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Genome-wide approach for RNA-chromatin interactions

RNA Interaction with Chromatin by Paired End Tag Sequencing, RICh-PET
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Most ncRNAs target active open chromatin loci
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RNA-Seq (RPKM)

RNAPII ChIP / RICh-PET for detecting
transcriptional RNA-chromatin interactions

Inter-chromosome *

10000

:

® coding
@® non-coding

100 10000

RNAPII RICh-PET (RPKM)

chr2R:14474361-14615784

“@ - B I 1] - [3 - ‘
_l\_ | ChromHMM

il [ | | DNase HS
15
' I | RICh-PET
DNA tag
\ 11 | | | |l | Peak call
500
L A A l e J R Rep o)
2
1 101 (N | | |l >
400 g
~
— i i - J Rep2 | =
IR N N R 2
30 g
] a
walla i i .,.L.JAM ik " MRep3
\ 1 1 | [ | | [ | \
6000
RNAPII
N J i A ChIP-Seq
100
Al g,,ij Bl sy
T Wy RNA-Seq
100 1 M W
60
H3K27ac
”I " |' 'l H3K27me3
10




ncRNA contacts enriched at TAD boundary regions

*chrX:11 600000-13000000 (1.4 Mb)
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Combinatory binding by multiplex protein and RNA factors
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Immuno-stain ATAC-Seq

RNAPII ChlA-PET
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