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Abstract:

Genome-wide studies to address the three-dimensional structure of different genomes identified a general and conserved
organization in topological domains [1]. Recently, we demonstrated that the cohesin complex has an important role in the
organization of the topological domains. We showed by 3C-sequencing (3C-seq) and Hi-C that the depletion of cohesin
by the proteolytic cleavage of its RAD21 subunit leads to reduction of chromatin interactions, predominantly within
topological domains [2].

However, the limitation in using a restricted number of DNA fragments as viewpoint for the 3C-seq and the resolution of
Hi-C (40kb) are not sufficient to yield information about how the fiber is folded within these domains and which are the
detailed effects of the cohesin depletion on the interacting areas.

To address this question we used a high resolution approach called “Targeted Chromatin Capture (T2C)” [3]. T2C provides
information of the spatial organization of selected loci at single restriction fragment resolution (2 to 6 kbp). We studied a
genomic region of 2.1 Mb on the human chromosome 11 comprising the imprinting loci IGF2/H19 and KCNQ1 to unravel
the details.

HEK
stable cell line

Doxycycllne

[ siRNA RAi

1. Dixon JR. et al. (2012) Topological domains in mammalian genomes identified by analysis of chromatin interactions. Nature 485: 376-380.
2. Zuin J, Dixon JR. et al. (2014) Cohesin and CTCF differentially affect chromatin architecture and gene expression in human cells. Proc Natl Acad Sci U S A 111: 996-1001.

3. Kolovos P. et al. (2014) Targeted Chromatin Capture (T2C): a novel high resolution high throughput method to detect genomic interactions and regulatory elements. Epigenetics&Chromatin 7: 10.

Il. Cohesin cleavage leads to global loss of structure Method

Erasmus MC

University/Medical Center Rotterdam

l. Depletion of cohesin by proteolytic cleavage

S

HRV

> Cleavage site

Expression of RAD21cv
Depletion of endogenous RAD21

Protease
> Transfectlon

: RAD21 [EGFP

WT: 15gREIMREGS 75

HRV:1gg LEVLFQGP475

Stable cell line expressing cleavable RAD21

.

Zuin J, Dixon JR. et al. PNAS 2014

Complete RAD21 cleavage in 24h

Time after HRV protease transfection:

Supernatant Chromatin

Release of RAD21 from chromatin

Blot: Oh 4h 7h 9h 14h 20h 24h kDa Blot:  pa TEV HRV-dox TEV HRV-dox
EGFP 200, RAD21-EGFP « 20 R . RAD21-EGFP
= == == = T+ Cleaved product RAD21™ o0 S Endogenous RAD21
). (o P —— . EGFP 0] — o . RAD21-EGFP
100 100 — - Cl—terminal duct
HRV — i 200 cleavage produc
<> a-tUDUIIN W - - - SAT/2 o *“-”
200+ .
CTCF 150 | : DL & .|
100 - . :
y—tubulin 50 [T
Topo Il 481 p—

*This antibody does not recognize the C-terminal cleavage product.

lll. Targeted Chromatin Capture (T2C)
Comparison of T2C with other “C” methods

Crosslinking, nuclei isolation and lysis Chromatin digestion Hi-C map IMR90 cells (Dixon et al., 2012)
. . . . . . . . with 40 kb binnin g
Analysis of changing in chromatin structure Correlation between interaction frequency and cohesin Q\Q RN
. . . . . —)
after cohesin cleavage by Hi-C (SMC3) binding sites —> K
X
Interactions are more likely present between regions that have at least i
A (HRV-TEV) one SMC3 binding site. > End repair and Secondary restriction Chromatin ligation and *
§ 0 o adapter ligation enzyme digestion decrosslinking P 0’ * r'S o
S 2 ) | . o
smcaax[ | | | & o 5 - [ Adapter |————{ Adapter | ' 126 @l HB2 ool DB DB
— =~ e~ with 40Kb
T Sof| 25 [capter }—f—{ ompter | ———  —— < %
SMC3 1x:| = —""| @ . 5N
- N 7 ._.\Oi._l_. E < E o5 10 15 20 @ : @I i i
%Sz +1 o3 5 Distance (Mbp) T
-(_é ‘§ § |_| ...".0. 3 's.§‘;: S L0 ‘ 3 ..‘:‘ ‘:p; :" % None L E AN Hybridization to Nlalll Bglll Nlalll
gg 8 P ‘):.f g2 & o3 'f’l e SRS 2 g od 05 10 15 20 oligonucleotide probes
< i 5 &w‘ ‘&: “”. ........*\” ‘I x%' ¢ ? (s : “ ; {::”...»3 )"ﬁ QQWM’\ § DlStance (Mbp) - % ’ ’ ‘
Contr0| (TEV) . . . Z Immobilization of the Oligonucleotide probes design: T2C (Bglll) HB2 cells
2 € 34 Effect of cohesin cleavage on the topological domains r oligonucleotide probes TN TNy
S g § _ _ _ _ . 0 on a microarray or beads | _ | b ' !
E5 S 5, " Cohesin cleavage leads to a general loss of interaction mainly occurring Boll
E T . . H " sl ded MM 1 1 H H H H % a
ZEC 0L s st i D it i between interacting regions less than 2Mb apart with a maximum in the Z Z Z 2 Z ® beads - olisonucleotide probes
RAD21-cleavage (HRV)
\ range between 100-200Kb. Elution and f
O c > . . . . . . P . b4 \‘,,"3. Vo
gg2 The loss of intra- and inter-domain interactions correlates with SMC3 PCR amplification BN
© > . . ‘\ ‘,Q‘,;"
% g 8 blndlng. Paired-ended Sequence, data analysis and visualization < R 7
z=u0 A&A-;A_w“--h-f-,;-m,.m AAAAAAAAAAA ok s A e e A“A N o R
proey I 113,000,000 | ; M%oo 000 | 115,000,000 | 116,02)0}?838 I 117,000,000 | All Intra-Domain Inter-Domain ” :r .«
DC_® 1 1 > 0™ 5 O 5 i
TEV oo v J bl ale | A . S o o —— — N
5_ = — ng -0.14 ué; -0.1
DC57 [ u 11— SE o ng o2 ‘gE 02 KOIOVOS P. et al. ~—
L it |||||i‘|LI\I ........ | PV ,Jm. ..... g E% s E% s g% 0s i B} B} 40,000 | 4 (Ball) HB2 cells
S Al THT = E R _— i Epigenetics&Chromatin 2014 § 50000
kiaatote IRy 4! LOsSTsar T T % 04 § 04 § o4 E Genomlc Distance 2 5 20,000
TRAF3'P2EX§TI1_RA::2I ATLLj\BM%/:B:‘IH FLﬁéi%%;é#sl ggff%(gyﬁﬁéézis.ﬂ i 057 ] Intra—Doma@n i 05 z 057 EIInter—Doma!n SMC3 21x " 10,000—
RefSeq Genes TS-rFF’g-\I/_{sAFI?gEL'F’:CGAII 064 O Inter-Domain 06 o 06 O Inter-Domain SMC3 None . . . 0—
P 5 o5 1015 7o b o5 10 15 2o 5 o5 10 15 70 O Restriction fragment resolution (~2-6 kb) 8 20 (Bl HB2 oslls
FAM162B1 Distance (Mbp) Distance (Mbp) Distance (Mbp) o 200
O Selected continuos genomic regions g ] ||. ‘ ‘ |‘| ” I‘ I II ‘ H
5 | H | ‘ | I |

Zuin J, Dixon JR. et al. PNAS 2014

O Selected separated genomic regions (e.g. specific loci)

IV. T2C interacting matrix from cohesin control (TEV) and cohesin cleaved (HRV) cells

Selected genomic region of 2.1Mb comprising IGF2/H19 and KCNQ1 imprinted loci

Cohesin control
TEV

Normalize method : Library

Domain
boundary

Domain
boundary

Cohesin control
TEV

Normalize method : Library

T [] []
- -
- Tama [ ]

10000

3 N N 10000 T

5000 ? TS o 5000 ?
5 (R I [

2 | k=

1288 | g r e II' 1 1000 — P
E i l = 500 — g

9 ©

100 7 g '|I ‘ j i Fd 100 5
50 : IR -H- F.'hl"'. i!n 50 3
T IR II i, = 8

10 % _' IIII_ - & - i g
5 s SRS v 5_ I = 10 g
|! 5 Z

' l\ LN I
| R - L.‘!".".::H
i l_l. lll-!l,Jl" " B

LI

[ | I, 1 n
bl\ i) mE
=1 | ' =)
-—

-

1

.

-

— .I:l"h _.:fdgiil::'i.-.rj. =
] s -I= - ¥ BT
" e Ik
| I_II.II ! ! _: |-| l!i‘l I|
AT I | mr_ 1
Z NI (T TR N
1 ‘._-Ji_-. ;I_lt: l; T .
I ...- w — Bl Cohesin cleaved
o HRV
- Normalize method : Library
10000 ®
5000 §
8
1000 — %
500 — §
100 - %
50 — §
g
2

10
5

L L1
Y I!:I-I-. IJII
| 1
I || ]

ﬁh... |

||'il|

Zoom-in on the genomic region comprising IGF2/H19 locus

ell ..
il |\ _Imn

.|'7'ﬁl  m—

Il'l'll

: = well (WL ﬁ
SSE

TH=" ||

1|
Probes HIIIH IIH\II\I | I I 0] HI HHIIIHHHIHII I HHHI [l IIHIII\IH W ISV AT ORIV R0 YOO BT | | |
Probes
O R e R o bk pes | W) 0 i | )
| | L O O A A ] TP ORI
Scale_ 1Mb | | hg18 Scale 500 kb | hale
chri1: | 1,500,000 | 2,000,000 | 2,500,000 | 3,000,000 | chr11: | 1,200,000 1,300,000 1,400,000| 1,500,000| 1,600,000| 1,700/000|  1,800,000] | | 1,900,000 2,000|,ooo|| 2,100,000 | |z,zoo,oool
. Enhéincel ICR DMR!
AP2A2 | M“;J'EZE;M.' srerz ol F/;K',\%/QB el Hg1T98 : :gg =H CE)(?I\:!MKICNmOﬂ _ ! OSBPLSMI'!!;P'I?G |Zl\l$13%5(32|€HHI RefSeq Genes mucss [l BRSK2—##l  DUSP8H  FAM99A cTsoil syTsl 1NNT(;TI;1F:|_|D)|H19I " |GC|ZCZF_A3| ASCL2|
muce TOLLIP f{ ™moB2 K KRT/§P5-6I MIR675 | IGF2 | KCNQ1 MRGPRG-ASII MIR67441 BRSK2—AMl  KRTAP5-1) ~ FAMooB TNNIZ § MRPL23|} IGF2 C11orf21
ez .TOLLIP-A§1I:{|SKI\2/|5§;“HI I-ITgA'FgDH|| TNNTS ”\jSﬂC(SBFFZ2 ;H TSSC4 | SKL%QSAPSI\ASIH MRGPRE 'OR7E12P| %tmﬁﬂ mggﬁ Hl Kiﬁiiﬂs. KRTAPFF_HWOH LSP |-t ITARPLZB):CS){QI INS!%FFZZ ne repansz H
DUSP8 i sYTs | IGF2 | ASCL2] sLc22A18 |l KE;?Z.E';‘_L ' L_sspp11l|§ MIRe74 :gg
KRTAP5-AS1|H TNNI2 | MIR483 | TSPAN32| PHLDA2 | KRTAP5-AS1 b1 L$P1 I IGF2-ASH
el L P care i b
- < M| N F
KRTAPS3) MRS | NSierz SNORAS |
KRTAR5-5 | LsP1 H ™ |
LSP1 Hf MIR4686 |
LINCO1150 W C11orf21 SMC3 ChlP _
- 50 _
) rorone "7 L L g
- ' 100 _ _ N L L i L
SMes el LYY T SO WY YO ([T (IS PR AT ' 1 l .”._._.. .L.m i il ..lh...u.“. .“.L_ull. J.....h.nu‘ T[] T -l i J..l..u.l..ah.....u... . .L.....L....J.._u..... Al B .u..l.ll... ...L. ||_luu.|.u..|.ll.].‘ll|_|J.I.J.h..m. ..|...u..u.|..¢.l.. . .|..Jl|.LL.L‘.L...JI....J..L- L rayered HIKaMeS 0 ' .
CTCFChiP - ‘ ‘ Layered H3K4Me1 -
0 _ ‘. I b ] |. L1l ‘ ‘| ‘| L |HI ||| i ..Hlll“.. | ..|. ||. |‘| | .-M | Lol L || |‘ ........................... ]..I ......... 1 0_ AT | hliadd did Mddl ki, B Lo kil
Layered H3K4Me3 20 - - - - , . 0.25
Layered H3KaMe1 10 | | § TEV () WI 5B O o
0 = | W Lkl ol T 1 e AT R T Y I e <ZE -
025 : ™ HRV (+) 0 ‘I"iiiiia 'h U S wu‘ o
menl. L |\||||| Mool wln | ...... || R TR
0.257
g MRV 0 e | ‘ ‘;|||| || - Mi!...l': RPPPRIN P !ﬂ MI!W i aed e uL!l © IGF2/H19 and KCNQ1 imprinted loci are separated by a domain boundary
S (_) ”“llﬂ T "IFW ! “I%! |1 ""i:'::'l|||H!|||I|‘|I:!M‘"L' i| ‘“!WMH‘HMMI‘ ‘Wil III"Il W IIIIIII I: | HW"“ o Novel interactions detected for KCNQ1 gene with other impring genes present in the area
O Cohesin sites often interacts with each other
V. Future perspectives
X Correlation of interaction frequency and cohesin at binding site level
// 9 /’& J ﬁ ' . . . . . . . . . . . .
" \epi s, N7/ O
\E— o) ‘Eplgenesys ) Y ?ﬂ Analysis of individual binding sites that might be important in forming interactions

Nederlandse Organisatie voor Wetenschappelijk Onderzoek

—

Cohesin cleaved
HRV

Normalize method : Library

10000
5000

1000 —
500 —

100 —
50 —

10
5

Analysis of changing in chromatin structure after coheisn cleavage at restiction fragment level

Normalized paired reads (log—-scale)



Cohesin-Dependent Chromatin Structure at High Resolution

Zuin, J., Kolovos, P., van den Werken, H. J. G., Brouwer, R. W. W, Kockx, C. E. M., van
Ilcken, W. F. J., Grosveld, F. G., Knoch, T. A. & Wendt, K. S.

Chromatin and Epigenetics: From Omics to Single Cells 2014, Institut de Genetique et de
Biologie Moleculaire et Cellulair IGBMC), Strasbourg, France, 14th - 15th October, 2014.

Abstract

Genome-wide studies to address the three-dimensional structure of different genomes identified a general and
conserved organization in topological domains. Recently, we demonstrated that the cohesin complex has an
important role in the organization of the topological domains. By using 3C-sequencing (3C-seq) to investigate
local changes in the chromatin structure and Hi-C to study genome-wide changes in chromosomal interactions
we showed that the depletion of cohesin by the proteolytic cleavage of its RAD21 subunit leads to reduction of
chromatin interactions, predominantly within topological domains. However, the limitation to use just a
restricted number of DNA fragments as viewpoint for the 3C-seq and the resolution of Hi-C (40kb) are not
sufficient to yield information about how the fiber is folded within these domains and which are the detailed
effects of the cohesin depletion on the interacting areas. To address this question we used a high resolution
approach called “Targeted Chromatin Capture (T2C)”. T2C provides information of the spatial organization of
selected loci at singlerestriction fragment resolution (2 to 6 kbp). We studied a genomic region of 2.1 Mb on the
human chromosome 11 comprising the imprinting loci IGF2/H19 and KCNQI to unravel the details. Here we
will present our latest results.
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