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Study on the Spatial Organization of Bcl11b Gene Locus in Cell Nucleus
with the Circular Chromosome Conformation Capture Techniques
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Abstract The genome-wide gene loci can be captured by the circular chromosome conformation capture
(4C) technique, which potentially interacted with the target gene locus of the 4C assay. The spatial organization
of the 4C target gene locus in cell nucleus can be further investigated using the 4C-related techniques. In this
article, the Bcll1b locus was choosen as the target gene locus for 4C assay. Based on the serials of optimization
experiments for the PCR conditions, the nested-reverse PCR was efficiently amplified for 4C assay. Combined
with the limited clone screening and the general DNA sequencing techniques, many genome-wide gene loci were
captured with the 4C assay, which potentially interacted with the Bc/11b gene locus. These interactions between the
gene loci and the 4C target gene locus were occurred in inter-chromosome and intra-chromosome. The interactions
between these gene loci showed the complex spatial organization of Bcl/1b locus in cell nucleus.
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Belllb Igf2/H19
Input 1gG ChlP M ChlP  1gG Input

ChIP: ChIPFF: fiDNA; Input: inputFf: fiDNA; IgG: normal IgGFF fiDNA;
M: DNA marker.

ChIP: ChIP DNA sample; Input: input DNA sample; IgG: normal IgG
DNA sample; M: DNA marker.

El1 anti-CTCF ChIPHI¥ EEPCRAHT
Fig.1 The semi-quantitative PCR for anti-CTCF ChIP assay
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Fig.2 The scheme of optimization PCR condition with mimic 4C assay
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S HEPCRI™ PN 10f5 Fi e «
A: the first round nested-reverse PCR for 4C assay, and the template amounts were 0.1 ng, 10 pg, 1 pg, 0.1 pg, 10 fg, respectively; B: the second round
nested-reverse PCR for 4C assay, and the templates were used the 10 times dilution of the first round PCR products.
El3 34CHER ERKXPCRY GBS
Fig.3 The sensitivity analysis of the nest-reverse PCR for 4C assay
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Az ACJ ) HECPCRIEE — 4043 B: 4C I 7] LA PCRIY A —He4 1

AR ; 4C: 4CHEAHDNARR .

gDNA: BE[RIZHDNARST; P: T4 ORISR P+g: FE2H FURLAIE K1 ZH DNA

A: the first round nested-reverse PCR for 4C assay; B: the second round nested-reverse PCR for 4C assay. gDNA: the genomic DNA template; P: the

recombinant plasmid template; P+g: the recombinant plasmid and the genomic DNA template; 4C: 4C DNA sample template.
El4 4CH R B EXPCRY EHFFF ST
Fig.4 The specificity analysis of nested-reverse PCR for 4C assay

(A)

A ACHM T B i) SLKPCRIE 484 15 B: 4CIIHT I S 1) HEAPCRIN S 49 4
A: the first round nested-reverse PCR for 4C assay; B: the second round nested-reverse PCR for 4C assay.
El5 4CREEKXPCRYE
Fig.5 The nested-reverse PCR for 4C assay
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Fig.6 The partial clones sequencing results and analysis
x1 NEFHERSH
Table 1 The analysis of the sequencing results
e USEREN (A K (bp) e
Clones ID Chromosome Position Length (bp) Frequency
14-4 chr9 129,626,461-129,626,855 394 7
14-6 chrl3 96,478,505-96,478,673 168 12
14-5 chrl4 98,802,163-98,802,461 298 29
14-1 chrl5 98,272,569-98,272,697 128 5
14-7 chr19 1,127,701-1,127,867 166 2
14-9 chrX 11,411,463-11,411,838 375 22
A
( )35 (B) chrX
30
>
§ 25 )
= chr19
S 20 chr9
gn
ﬁ 10
5 I
0 NP N 1

chrl3 chrl4 chrl5
Bclll-b

1234567 8910111213141516171819202122X
Chromosome
Az ACHTHH SR R DR o7 £ e (O fR 1) 23 A 55 I PP 3% B Bel 113 IR 7 AEMCF-740 A% Hh R A ELAT H 45
A the dispositions on the chromosomes of the gene locus captured with 4C assay and the sequencing frequencies; B: the interaction network of Bc/11b
locus in MCF-7 cell nuclei.

Bl7 Bell1bEE FELEMCF-740B4% *h B9 8 B4 F M 4%
Fig.7 The interaction network of Bcl11b locus in MCF-7 cell nuclei



1590

ST

(1, AR AR Gtk F I, IX A7 20 A
AR EMZESEIMETA). T F-— g ok b
(10 5 DR JRE A7 5 7 A R — AN JRE DR |, 127 o500
JP IR AR AR . SLE TR B T AR e
A L RSN JE DR BE AT o, A7 T XY (0 A4 R B[R] JRE A7
W FeA AR =, A2200 R I 17135 4
ok, 95 Jetifhk, 155 Ytk Ll 195 Yot ik (&
TA)o X 3R AR S b nT DL R 4 R NI
S L DR e 57 2 TR AH B A FH AR X A% . ZEMCF-7411
A% PN, 33X 86 KL PR s A7 55 Bel 1155 PR 6 A7 47 AF 45 9
TERIAR A FH R (K17B).

3 it

Gty AR AN A% N 0 25 T 4L U 2 3% T M
RIERMFRIEE K, Get i s mdi g L sh &4
o IR WL I8 A% 27 (9] #R B I e T BE R AL I Th e 3
DRI ()X il = A 4 2R, 7 15 40 M 1) & A ki
Tt e, 05 DR 08 W % R 4 AR, UL
16 56 P (1 5 X % A R TR ) A LA
i g A1 CTCFAE by — Bl 40 i A% N 5 i A7 7
(PR 4 B 10T AR REANSE A ) BT KRN
BEs, EN SN YO ik B R+ R
IAEH o A SCUABlIIbJREA. b iy FE AR 5F I CTCF 45
G AR D ACTHEAT L, R FHAC T BT R4 R 5 %
M () 5 vk, T AE A FE R AL N 0 % 55 Bel 1R K
AR AR ELAE 1 3 DR R AL, 35 1 IE 9T Bel 11bJREA AE 2
JAZ P S T 2R

YO AR B 3 SR AR (3C) LRI 97 5 PR JR8 437 1] )
HAEREA o EEME N, 4CE ARSI Tl &
IR RS DR JRE AT, 4 35k DR 41 5 [l N A S A B A
FHHE DRI BEAL (0 H . AR, HT4CHE b L IE R L
1 H P E A TER 51 AR, Pk fE4CHL L
I PCRY™ 3 b R by, AVEL T 2 ok 52 (PRSI, i L
T EPFPCRY MY o I L™ 48 515 ety oK 1) A Xk
J&, PCRZS 5 r= AR ARAE S S A0 18 (00 fwh 1 12« 4C
A3 AT 5 1) S XPCR I ARRF S 47 54 ™ 1 14 fhd ) 2
e T DR A ) 1 52 B AH B A I A% . DRI, 7
A4CH T 21T, THER44C PCRY™ 1 & AHEAT 04k, LA
BEARPCRY™ 14 1) A4 3 A g 1) 12 - AR SC LABel 11 b3
DAL B A7 Ry BB 55, 23 W% 4C PCRIGT B8R . B
PE LR e AT e A S AL, WL T AR )
PCRY H44F. 4C PCRY 4 1) s M RVRE S, A

4CH BT I RTHE, A7 BR v B 0 12 4T~ LAk PCR
0 (R =, T DL S AIG B DLII4C Sy T kAT
AP G AR ACH AR LA T 2 GE, )
HE— 30 T X G € 7 4 M k% P4 25 T A L 9 2
Ay EEME

A SCHE AR T 4C PCRY™ 18 45 2, 7] LL ot
10 fgP B AT A 20 3. 3 iF4C o B FiA B
A TR I 1K) 7 s, R SEIR T AE AR SE IR L i ik
Bel 11D A HAE IR R AT o 4CH HT i R 1)
XL PR AL A3 AL T 64 AR R Y e fk b, dx et
JI 4 SR %) 5 DAL 7 00 s A0 3 A A S 5 ) 2 e, 3K
ZE AR — E RIS LI W T AN T S ACHEAT

ACHI BTl B vhy, B S 2% oy M e A 3R 3, BT B ATL
o B WU R IR PR AR A 6 B e ELA, IX PR BE AL
[ WU P ) A0 2 I AN 3 s S B B AH ELAE A%,
“hy i R 0 128 3 R 52 38 22 T AN 8 S A I R . )
BT &AL S ACHEAT 1 ) AR BLAE FH AR, 1b 75 22
E— P 3CEEARBEAT 43 BT B0 IE

B FUUE W, i DRl A 57 7 41 B A A 1R AH B A Y
2% AT 20 M 2 Ry S U180 R 4T i 2 R R e
P H SR A S hix N R AR 2 5A 2, IF%
B 5 2% R 215t A% PR BE R s e, 21 B 1 ) A
DNAFA I AL . /NRNAZE . Bel bR A8 40
1% N AR EAE F 9 2% 5 AT 4 i 2R B i s e vk, 722
A AT RE A T A OCHE DA I 2B AT DA
M TANFE G AR BRI A AR A RO
X % (chrX: 11,411,463-11,411,838), #t — 45 il if3C
$ AR FI3D-DNA FISH) 51k 23 47, iiF B T {EMCF-7
A0 M A% P9 X Bl BAE O R I AA AR, fEDhfRe b IRt
— IR TR A B AR F OC AR A O JE A 1) 3R
IR0 Db, Rk 4CE A P il 3R 2 13X 48 5 ] e
WA 55, REFFEBel 113 PR JRE A 70 3 AN FE RN 2L P 1)
AHE AR 28 BAT 13 B 3 X, il — 2ot
Bel1TbHE R P A AEMCE-741 A% P (1) 25 [ 41234 R
JAitt o

B E IR (References)
1 Fraser P, Bickmore W. Nuclear organization of the genome and
the potential for gene regulation. Nature 2007; 447(7143): 413-7.
2 Misteli T. Beyond the sequence: Cellular organization of genome

function. Cell 2007; 128(4): 787-800.
3 Dekker J. Gene regulation in the third dimension. Science 2008;



ST A R IR T G (0 A A0 G A 3R H AR Bel 11D FE R e R A 20 A% A 5 1) ZH R HOAIT 53 1591

319(5871): 1793-4.

Simonis M, Klous P, Splinter E, Moshkin Y, Willemsen R, de Wit
E, et al. Nuclear organization of active and inactive chromatin
domains uncovered by chromosome conformation capture-on-
chip (4C). Nature Genet 2006; 38(11): 1348-54.

Zhao Z, Tavoosidana G, Sjolinder M, Gondoér A, Mariano P,
Wang S, et al. Circular chromosome conformation capture (4C)
uncovers extensive networks of epigenetically regulated intra-
and inter-chromosomal interactions. Nature Genet 2006; 38(11):
1341-7.

Dekker J, Rippe K, Dekker M, Kleckner N. Capturing chromo-
some conformation. Science 2002; 295(5558): 1306-11.

Dekker J. The three ‘C’ of chromosome conformation capture:
Controls, controls, controls. Nature Methods 2006; 3(1): 17-21.
Phillips, JE, Corces VG. CTCF: Master weaver of the genome.
Cell 2009; 137(7): 1194-21.

Xi H, Shulha HP, Lin JM, Vales TR, Fu Y, Bodine DM, et al.
Identification and characterization of cell type-specific and
ubiquitous chromatin regulatory structures in the human genome.
PLoS Genet 2007; 3(8): e136.

Kim TH, Abdullaev ZK, Smith AD, Ching KA, Loukinov DI,
Green RD, et al. Analysis of the vertebrate insulator protein
CTCEF-binding sites in the human genome. Cell 2007; 128(6):
1231-45.

Williams A, Flavell RA. The role of CTCF in regulating nuclear

organization. J Exp Med 2008; 205(4): 747-50.

Ren L, Shi M, Wang Y, Yang Z, Wang X, Zhao Z. CTCF
and cohesin cooperatively mediate the cell-type specific
interchromatin interaction between Belllb and Arhgap6 loci.
Mol Cell Biochem 2012; 360(1/2): 243-51.

Ling JQ, Li T, Hu JF, Vu TH, Chen HL, Qiu XW, et al. CTCF
mediates interchromosomal colocalization between Igf2/H19 and
Wsb1/Nfl. Science 2006; 312(5771): 269-72.

Gondor A, Ohlsson R. Chromosome crosstalk in three
dimensions. Nature 2009; 461(7261): 212-7.

Kumaran RI, Thakar R, Spector DL. Chromatin dynamics and
gene positioning. Cell 2008; 132(2): 929-34.

Frohler S, Dieterich C. 3PD: Rapid design of optimal primers
for chromosome conformation capture assays. BMC Genomics
2009; 10: 635.

FESERR, £ T, B 5, 4 A8, BASIR, 4F CTCF=
Tl 240l 288 R S P S (A N 5 A A i D ot A 2 2
7 (Ren Licheng, Wang Yang, Shi Minglei, Ma Li, Yang Zhong,
Zhao Zhihu, et al. CTCF is a cell-type specific expression and
nuclei-located protein factor. International Journal of Genetics)
2012; 35(3): 146-50.

Ren L, Wang Y, Shi M, Wang X, Yang Z, Zhao Z. CTCF mediates
the cell-type specific spatial organization of the KengS locus and
the local gene regulation. PLoS One 2012; 7(2): e31416.



