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Peryasinusi padoThbl T€eHOB B TKAHSAX

a One gene, multiple enhancers, one tissue

d Gene competition for a shared enhancer: we are all winners
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Krijger, P. H. L. & de Laat, W. Nat. Rev. Mol. Cell Biol. (2016)
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Kak usyuaror 3D cTpykTypy reHoma

Muxkpockorus
FISH (DNA fluorescence in situ hybridization)

DamlID — 1o3BoJIsieT onpeaeanTh, KAKUe y4aCcTKH
XpOMAaTHHA HAXOAATCA Ha epudepuu sapa

3C-METOIbI:
- 3C (chromosome conformation capture)
- 4C (chromosome conformation capture-on-chip)
- 5C (chromosome conformation capture carbon copy)
- HiC n 3C-seq
- ChIA-PET (chromatin interaction analysis by paired-end tag sequencing)

- TCC (tethered conformation capture)



JKCIEePUMEHTAJIbHbIE METOABI



FISH

(fluorescence in situ hybridization)

Chromosome painting

Bolzer et al., PLoS Biol. 2005




3C-meToabI

a 3C: converting chromatin interactions into ligation products

Crosslinking of

interacting loci Fragmentation

b Ligation product detection methods

Ligation DNA purification
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J. Dekker, M.A. Marti-Renom, L.A. Mirny,
Nature Reviews Genetics, 2013



Y10 TaKkoe ceKBeHUpPOBaHUE?

* (CeKBEHUPOBATh = YCTAHOBUTH MOCJIEIOBATEIbHOCTD
HYKJIEOTUI0B B MoJiekylie JTHK.

e (Cnavana /IHK Hago BbIIECIUTS.

* Henb3sa npouects moniekyny JIHK nenrkom, mosromy JTHK
PEXKYT Ha KYCOUKH B CIIYUYAUHBIX MECTAX U «PA3ZMHOKAIOT.
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Crosslinking of
interacting loci
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Crosslinking of

interacting loci
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MeTton Hi-C
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* To xe camoe, uro Hi-C, HO 0€3 OMOTHHUIUPOBAHUS.

MeTop 3C-seq

 Ha cukcenc NAYT HC TOJIBKO XUMCPHBIC KYCOUYKH.

* IIpuxoautcs 0onbllIe CEKBEHUPOBATh!
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MeTton TCC

Crosslinked chromatin

7. Adaptor ligation
1. Protein biotinylation =i \\

and DNA digestion
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MeTton Hi-C
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Marpuna kourakToB Hi-C
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buonHpopMaTHYCCKUN aHAIU3



Hi-C workflow

1. Read mapping Iterative Mapping
Iterative mapping. (paired end)
Paired-end mode is not used.

—

2. Fragment assignment c A

The mapped read is assigned according to its 5° mapped position. =
Mapped read positions should fall close to a restriction site.

strand  classification  strand

— Dangling End €—
€—  SelfCircle —>
3. Fragment filtering S EmorPar  —>
PCR duplicates, undigested restriction sites. &~  ErmorPair 4—

4. Blnnlng a raw matrix filtered + balanced matrix

chr2 chr3 chrl chr2 chr3

5. Bin level filtering
Remove 1% low signal rows/columns.

6. Balancing
Iterative correction.

Lajoie, B. R., Dekker, J. & Kaplan, N. x
The Hitchhiker’s guide to Hi-C analysis: Practical guidelines. T T T ‘
Methods 72, 65-75 (2015).

Bins with low signal Filtered Bins

I —



Iteratively corrected heatmap
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ABTOMATH3MPOBAHHOE Npeackazanue TAJloB

https://github.com/kingsfordgroup/armatus
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Kakyro HayKy JeJ1al0T ¢ STUMHU JAHHBIMHA?



MbBIIIb U YeJd0BEeK

Dixon, J. R. et al. Topological domains in mammalian genomes identified by analysis of
chromatin interactions. Nature 485, 37680 (2012).

* Human and mouse Hi-C in embryonic and differentiated cell types.

* TAD. “Directionality Index” to quantify the degree of US or DS interaction bias.
* TADs are stable across different cell types and highly conserved across species.
* Boundaries are enriched for CTCF, housekeeping genes, tRNAs, and SINE.

The image cannot be displayed. Your computer may not have enough memory to open the image, o the image may have been corrupted The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. |
Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again x the red  still appears, you may have to delete the image and then insert it again



Ye10BeK

Zuin, J. et al. Cohesin and CTCF differentially affect chromatin architecture and gene
expression in human cells. Proc. Natl. Acad. Sci. U. S. A. 111, 996-1001 (2014).

* A general loss of local chromatin interactions upon disruption of cohesin, but the
topological domains remain intact.

* Depletion of CTCF not only reduced intra-domain interactions but also increased
inter-domain interactions.

* Distinct groups of genes become misregulated upon depletion of cohesin and CTCF.
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CpaBHeHHe MeKAY OPraHu3MaMu

Vietri Rudan, M. et al. Comparative Hi-C Reveals that CTCF Underlies Evolution of
Chromosomal Domain Architecture. Cell Rep. 10, 1297-1309 (2015).
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Jpoaxxn

Duan, Z. et al. A three-dimensional model of the yeast genome. Nature 465, 363—7 (2010).

6. Circularization

/_\Z. RE1 cutting
@ * 4C-seq (HindIII and EcoRI).
.

* Rabl configuration.

1. Crosslinking 5. RE2 cutting

Nucleus, ~RE:
2. RE1 cutting

(]
4. Deproteinization

8. EcoP15I adaptor

’ i A \
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9. Biotinylated adaptor & circularization

10. EcoP15I cutting

ECOFWSI Ecof’k')l

A ) A
RE1 Biotinylated RE1
adaptor

6 bp-cutter RE1 for the 3C-step digestion
4 bp-cutter RE2 for the 4C-step digestion




