L[R2 5 N A5, 2021 46, 55 40 45, 55 11-12 W61, 553458346711

ViR 5 R

Review and Progress
v A B G AR G IR BRI J PR K B H

FEEET T XK EARET SRARART EubR ERUF XMEFE XL E&ET FEET S
1 R R R B R =W ST, KR, 130112; 2 ZRdb ARl K2, 15 R1EE, 150040
* JHF1E, liyang01@caas.cn

i OE QR =S BB TT O AR Y I SR B R, T e 0 B G A R R A 3R 1R (high-
throughput chromosome conformation capture, Hi-C) LA & 71 ff 2 /5y « B FH Y0 [l T 35 E 18 B B o T 98 2 (8] %
I R A5 R0 G i Ak = 2 % [R) S5 A IR OB R, 78 L Rt E B K 1 G 8 AR 433 (chromosome territory, CT) 44t
A [X & (chromatin compartment A/B)- #f ) 45 ¥ 35 (topological associated domain, TAD)% 25 #4 1] & Bl . Hi-C
FORAERH B L R 20 AH 4% AR T L R D BE 4 I B0 B2 R 45 7 T #AG T2 R o A SCERR T Hi-C HR IR
Ji& i AR S HAE = 4R R AT Fe b i B B L 6 BT a2 R S A Y BRI S (R, VR A 48 3 R A T S
BRI B DL S AEHES) G 0 5T = 4E S5 MR R O7 T R FERIAE AT, 45 & Sl S gk M e R SRt &5, 524t 1
KT Hi-C BRI 42T i /o

KRR HI-CHOR; =R 5 et st

Principle and Application of High-throughput Chromosome Conformation
Capture Technology

Fang Ruixin * Liu Xin®> Dong Yimeng' Zhang Ranran' Wang Hongliang' Wang Tianjiao' Liu Hua-
miao ' Liu Huitao' WangLei' LiYang' Xing Xiumei'
1 Institute of Special Animal and Plant Sciences of CAAS, Changchun, 130112; 2 Northeast Forestry University, Harbin, 150040

* Corresponding author, liyang01@caas.cn

DOI: 10.13417/j.gab.040.003458

Abstract The research of the three-dimensional structure of the chromosome has became a hot spot in biology
research. The high-throughput chromosome conformation capture (Hi-C) has become the key technology in the
study of gene expression, regulation, and three-dimensional structure of chromosome with its high accuracy, wide
application, and simple operation. On this basis, it has prompted the discovery of chromosome territory (CT),
chromosome compartment (Compartment A/B), and topological structure domain (TAD). It has been widely used
in assisting genome assembly, exploring gene function, and judging pathogenic genes. This paper introduces the
development process of Hi-C technology and its important role in the study of the three-dimensional genome
compared with other sequencing technology. The application prospect, principle, operation, and development of
Hi-C technology are introduced in detail. Combined with the advanced innovative technology and scientific re-
search experience, this paper aims to provide a comprehensive and concise introduction of Hi-C technology.
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e85 2 AR WA 15 B B BUAE , 2 MR R ) st
AR R AR IR ) e B . 2001 4, N3 R 41411 (Col-
lins et al., 2003) 1) 5 f = WK A6 A8 i BE 52 B 78 E
I AR, R ER 2 (1) 384 F BB . B S
B IR B WAL W) o R 4 A A i s AL, BT ER
R RR I, R Y AR TS BT YD W (H I —
Y 2 M Ik DR 2L 1) A FEAS 2 ARS8 e B fd i AR AR
A E B s 5 A R 5 R (Feuk et al,
2006) , R 17 1A 1 22 1) 8 i A Al o T SR N Ak

AR ML 23 X Gt fh B4 DNA B RAHIE, LK E
AIE 2 m, {H R NSRG40 i A% B2 A A 6 pum,
HAMNIESHEARELEWR. Ehg
73 1A) N, DNA b 98 %2 28 o v 52 K 46 A1 4T 5 (Rao et
al., 2014). 9 Wl G € o 8 = 25 2 (7] 1 265 4 S LA
VAR R SR E 1 AE F 2002 4, Dekker 55 B CH G4
A #5438 5 K (chromosome conformation cap-
ture, 3C) M 21 B BEAH I RO BT 7T o, A BAN[R] Th RE S5
FIFIAAAE o 3C AT UG IAT: 55 P22k PR A2 2 ) A

F13CHARE HEHOARK N
Table 1 Comparison between 3C technology and other technologies
R AR
Technical &K JR 2R HE ESPE)
classifica-  Full name Theory Throughput Features
tion
3C \ ‘ . P ZZ I, DNA 483 4% , DNA 264k, IE[W 1 PCR —Xf— LB %
OB RMIRELAR o
i5g Onetoone  Proximity liga-
Chromosome conforma- L o .
. Formaldehyde crosslinking, Proximity dependent tion
tion capture L . .
DNA ligation, DNA purification, Forward PCR
. - FHEEAZ I, DNA AR IEH: , [ 17 PCR 508 B 45 BT Bk
RO SR
R LR INIE AL 45 HE —x% 7 PCR
4C . Formaldehyde crosslinking, Proximity dependent One to Reverse PCR
Circular chromosome o ) )
. DNA ligation, Reverse PCR, Chip analysis or se- many
conformation capture .
quenced by adding adapter
. LAY
3CHPE LA e s
B S IE, DNA 4RI #2 , DNA 44k, £ H PCR ESTES (5|
Chromosome conforma- o o .
5C . Formaldehyde crosslinking, Proximity dependent Many to Interact with
tion capture carbon o . . . .
DNA ligation, DNA purification, Multiplex PCR many multiple se-
co
Py quences
P SR 5 0 L A PR Pl AL, ZE b A, 4
OB RGO R IR, A S A AL B, TR INIE G &%  PCR A ToZE A A dE
B e PRt pr AR
Hi-C High-throughput chro- Formaldehyde crosslinking, Cell lysis,Cut with re- H Undifferentiated
mosome conformation striction enzyme, Biotin labeling, Proximity ligation,  All to all whole-genome
capture Reverse crosslinking, Sonication, Add adapter, PCR sequencing
and sequencing
PRSI , 20 VA A i 75 AL B, ChIP, s 3B B2 T
FTRRSEMF G KB IESE , MMEL S ECOP15TH AL , s & AT 25 »
A A PCR A1 .
ChIA- o , o , . ESTEZ M 7 Al
Chromatin interaction Formaldehyde crosslinking, Cell lysis, Sonication, .
PET All to all Noise assessment

analysis by paired-end
tag

ChIP, Proximity dependent specific linker ligation,
MMEI or ECOP15I digestion, Add adopter, PCR and

sequencing
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1B A A, H S BA g & FE € PRI E 1 R R A
(Dekker et al., 2013), %A Hi-C F52 AR 1) 2L fili -

Lieberman-Aiden 25 (2009) LA 3 /> 41 g % it 58
XTSI KB AT I L IR 45 6 s B % ot
FLDNA TE S [ AL B W i 2 R HAE R R 4
AR R R R G5 AL 3 BRI, jl o AL
AR b TR %o = o R 2 2% DN S B A P O g, B E T
Hi-C £ AR B A5 2 ] 36 K 4 = 4 ST AR R RE 0 4
= 2 B DR A T T B DN G i 5 g 2H BRORN 2 R
RIERE R .

1 Hi-C # Ak

Hi-C £ AR J& T 3C I e it & ARA (R AN 2 M —
HIRT A WA, BRI 2 48 iE A 4C (circularized chromo-
some conformation capture)$ A (Marieke et al., 2006)+
5C (carbon-copy chromosome conformation capture)$
A (Dostie and Dekker, 2007) LA & ChIA-PET (chroma-
tin interaction analysis using paired end tag sequenc-
ing) (Li et al., 2010; 2017)% 8 AR . an &5 3C F -+
SE P S8 R K] 8 2 1) B A EL AR PSR RO« —
XF BT, 4C B3 27 2 BE % DAL 2 — R E 1

Cell suspensions

HYE
Smashing tissue

VIS i) 5 A2 TR
Crosslink with
formaldehyde

B 1 Hi-C SLI8 i FE

Figure 1 The experimental process of Hi-C

Hi-C [ 52 56 [ BOGS 2% A1 22 SR 7 A R 1) Bl 904 A
AR IO T SR A AR A ] B . i IR
020 PRLTT 5 5 400 5 7 R %) 2L G P 0 BBk ) B ) K
JL < 0 B 200 0 P AT DA K% 4 D ) §8 3 BA R A OG- 45
T VERAE (Belton et al., 2012). BFEFATE R FH 5
At IR Hi-C 45 5, IR TE iR SR B A 1 iy b A W ik
AT e o ) T B R RS S A P W AT — £ E
TR B T s EIME, By 1k S 2k % A (Gondor
etal., 2008). FRICZERAH M, BE TR ML H T T

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

B 5 H AT B R BRI R TR A B AR B 5325, T
5CIE 3CHARK I —FAR IR, & SRS M 2 A
REME I 2 2 ML A5 2 AL R R HOAE BAE T, B
“ZXET. BRILZ AN, ¥ 3C 5 G 0 T S R DT
(chromatin immunoprecipitation, ChIP) # 45 & & Al
ChIA-PET, W] LA %€ 5 5 7€ 1 51 F A 45 & f 4 ik
HAG O FAHEER . 5SHER3CATERARMLL,
ChIA-PET if 2k 1) 3C P 52 2% 2 A, se g LI D
R B BOR A BHAEFH o Hi-C ORI H B R 3
et 7 = e PRI 2 i) R e, 32 IS T HL 7R 1 A %
BARIIXF

B2 Z0K Hi-C BRI 5 A IR BB 25 05 “proximi-
ty-dependent ligation” , Rl 41 3T 3 422 (I 1) K5 40 g
i A 5 WS G PR ) B2t 47 VR 4k, B
AW FE AR IC T A DNA R, B 2 B T W,
PAA A 483 DNA A B S ££ [/] — 245 0 Hh (1 B
HL T 3% 4 (Dekker, 2006). X #1432 i) DNA it 5
A I AL ) BRSO ) I R ).l
BIY) DNA Fr BUH# Hi-C SCP , #E4T PCR A Ilumina
Hiseq Wl 7 -

PRl e 4

Cut with restriction enzyme

AT
Proximity ligation

EI AT LS 45 DNA DR 35 56 %, FIl B [E] N34 w] BAZE
AU R PRAL AZ BOAR DA IE SR A1 Bl Z W (Makhija et al.,
2016). A2 Bk 72 75 41 o 2 v b AT o] LR D
57 Z (Golloshi et al., 2018). Nagano 25(2015) K I 1E
4 i A% o S AR B mT DA YH Bk PR )P R B FE
25,3 R G 0 i A 3SR G 0k 22 1] 2 i i ), ik mp
DA 5 % 45 A REAIE ORI o % P9 B AE T R IR B
¥ [l P AT DA BE — SO Al 4 e U A ELVE A O
Boe AR SIZ 0 Mt 75 R ey o 9K A 002 55 (201 7) 38 i A1 46 Hi-
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C S8 AT 16 D7)  BIR 1) P DI T 140 2 9 &5 o it
SR A% T S Y Hi-C SR L ¥ Hi-C i fe 5
PR 8 AT

2HIi-C5=4XEEA

Hi-C E AR R A2 2k 7 AATT0 FE PR 4 | B s 4.
I, I v B AN [F) ) R A &, T DAARRE4H
FRLAZ P9 9% 60 5 (1 47 S 4 3% L g i ki) o DL R PR E
. Hi-C I35 DL NSRRI T B R T NN et
AL RS N-1T AR B AL S 2 R EAE R &R, Hop
ZE e K I e &, N R i s R B SCE R I E

A B

Pl 2 G0 5 1 2 45 #I(Ning et al., 2019)

BFE FA K HE RN LRI 73 55K 1) & 1, BCA bin, bin
A RE R D 2 e, B /N DU 26 R 4H X 3 )
M. BEE RN, AR CE
TIE BH 2l e €8 5T 1) )25 0 445 1 B0 G H K B/ MR IR
253 329 1 Mbp I AT 4 38 3D 7% [B] S AR, )
HCT 454 5 2490 #5100 kbp i, AEH% [X 43 Com-
partment A/B; 244> # A 20~40 kbp i, AT LA 52 5]
TAD Z5 14 5 2457 JF5N 1~10 kbp B, 4347 10 5 % /2
Loop &5 14 Wil 2 fioR i 4t i S M TE SN Z 4 b
R ) SR OGS i 1 4 R i S R £ f 2 Ak 32 58 AN

.

W TR T

Enhancer-promoter loop

ST YU T

Enhancer-silencer loop

BT - T

Insulator-insulator loop

C D

T A GO ARSI B: R X 5 C: i RIS Ik D: et i

Figure 2 The hierarchical structure of chromatin (Ning et al., 2019 )

Note: A: Chromosome territory; B: Chromosome compartment; C: Topological associated domain; D: Chromatin loop

2.1 BRI

Boveri(1909)7E i 7 4 H 41 i Bf & B 1“4 44
YU (CT)”— . 4By R, B — SF e o ik &
FEAR A% 55— R 1 X 4. T BAHI-C BOR
AR 1 o 388 2 M 5 R ) A e O G B T 45 4 ) A B
Al 7o &, o CT A2 B DR 4 & 2 45 74 1) B i 7K
L X X G AR )T BR (Deng et al., 2015; Chen et al.,
2016).DNA [)#51151& & (Mehta et al., 2013)F1 % Fh 4
e 73 4k i #£ (Borden and Manuelidis, 1988; Martou
and Boni, 2000; Solovei et al., 2009)# 1R & % . [ %
X ¥ A L AT FE B AN AR N A 525 D Hi-C £E Mbp
Iy HER N SR BIbR G 3 %35 08 B AR i e it
i, 70 HL & 3 1 JE DR ) CT 45 44 28 A B K, I 5K
T CT 1£ 20 Mo 7% N FF A & — AN 22 [ (Pliss et al.,
2009). A[E G AR AR A% T 4R AN E CT B
AR S iR DA RE TR N A R SN R S R N A
T ML SN . SR, A DNA & & AR T H HE R 2%
JE 2 AR K CT, % A I A7 B 22 5 AR K, il 4o A
K18 T YR 19 5 G (oA ) DNA & & AHAL(S) 7

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

N 85 Mbp Fi1 67 Mbp), {H 2 [K % = [ 18 5 &t 44 i
i ILE 4 R A A B TR DR R Y 19 5 G AR U
AL T2 I AZ P BB (Croft, 1999). i I 3 [ & B A& ¥ 5E
CTENM MR Z . b, FVE CT 2 (A 1% R E
FRIRNBETT, BT S &SR, % T35 D5 2 R 1 A/
gett i, CT I [RE R B NS, X — K BLAT LA
B AL B A 1) T 40 B A% NS oK @ RE (Cremer and
Cremer, 2001).

224 BEXE

etk X 5 2 A T Gy 5t SR R — R &
4 4 Hi-C BEAR N5 bR ic J5 A7 % 52 £ R (fluores-
cent in situ hybridization, FISH)# 17 &5 & X [7] — 4L £,
& A R SOEAT bR id E , WS BIAE R MERR B E
B4 PR AT R AE 25 ) b A R e I 1, XA
45 RS2 T BN B R AT LRI 4 A AN [ 11X
W, J6 4 58 3 F N Compartment A /B (K 3A). P Ff
Gy A AE G i AR Th e A8 AFAE I, B AN X% A ) AR
HAERMR X =2 A5 m . WA =&
ol A2 1) % AN [ 3 301 ot A AR K X 9, Com-
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partment A 1T & [ R BARE L, (GHCO) I & & A
XL J& TP UX 3. M Compartment B M #H < ,
A8 S g0 ot X I B 22, B DR 1) 3R 08 B AR NG HL
AH X} & (Solovei et al., 2016). 5256 it £ o & B
Compartment A ¥% # | Compartment B [1) 2% K], H 58
15 5 23 B#AIK , A Compartment B [i] Compartment A %
e 1) 2 DR U AH Sz, AXANCAT — 20 55 ) B TR 2= Bl o X
T 46 A2 RE L R AR AR, DR 43 1) ik DR R0 JF AN 2
% B 5200, IX 32 ] Compartment A/B 7E # g J& K K ik
20 i 2 R e i 0T T A W R AR A B
W5 M AE I (Dixon et al., 2015). Rao (2014)F] ] Hi-
C HE AR 5 1% 40 B 43 B 10 77 V240 g N A7) B 2 TR ]
WL ERER AR T EI L EOARXE, R
Compartment A/B 14 68 1% 40 53 4 55 RS 40 1 25 44, 1E
25 kbp 1143 ##F F , Compartment A i& BE % 7 N Al
1 A2 AN 4 (Subcompartment) , Compartment B
A4y N B1.B2 FIB3 4L

Pl fkIXE A
Compartment A

RAIEIXEB
Compartment B A

et TR
Loop

AP RIREE IR 1 AN SRR A I 2
TADI TAD2

B

Pl 3 G0 5 X 2 A4 $h SR I 45 K e P v ) os =

VE: A: Compartment A/B [ 7~ & Fl; B: TAD 1 Loop 45 #4) 76 #4
K R

Figure3 Schematic diagram of chromatin compartment and topo-
logical domain in heatmap

Note: A: Schematic diagram of Compartment A/B; B: TAD and

Loop structures shown in the heat map

2.3 Fah REXEHIE

Compartment A/B [~ — 2 il 5t 72 ¥ 1 SR &5
}J $§ (topological associated domain, TAD; K| 3B).

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

TAD W #§ G (4 22 T8] (1) AH A FH A3 38 328y 1 4H <0
TAD 2 [8] ) AH BAE AR, 76 JA & b B I 5 B4R
B =M X, KESCEUE B, TAD J8 i K 3 g+
5 J8 3l 2 18] (1) 4 ik PR A1) £ [R] — /> TAD Hh S8 & [
W AT AL 1 5 (Mifsud et al., 2015), 1 3 3% -3 3
TR 2 T P A7 P e ik AL P A AT B0 2 DR ) H
(Deng et al., 2012). Dixon 7EAf 70 A /)N 5 41 g & il
WL I F2E o, 4 Hi-C 55 3C.5C A FISH (¥ £t 45
AT LS KB TAD ()i 5t F'& % 1 fHi& -+ CTCF
(CCCTC binding factor). & %K #& [A (housekeeping
genes)~ % HL E JC 14 (short interspersed repetitive ele-
ment, SINE). #i & & 1 & & ¥ . H3K4me3 H
H3K36me3 48 FEI L i LA R Sk IR 17 £ (tran-
scription start sites, TSS) & 7 4, X L& [K - 7£ 4 V7. 5k
RIZH 1) TAD J7 &% TAEH . H AT 2 P
% H N CTCF 5 45 1% & A & & ) (cohesin complex),
TP EALT TAD B4 SR 3, 18 1R G 5T vh
HEEEENEH. N7 HEIRNH T ## TAD, w3
AR BB B, B SATAS W T K S = R T
Spectral TAD (Cresswell et al., 2020) i & HHp 2 — .
EARENE B SR S 4, ik B A& I 5 IR B AN
S HEE I Re S 1R = Hi-C 20 10 B2, J2 Bt 9T TAD
A1 TR,

2.4 B RIR

FH T G €0 5T 76 20 A% A A e B O 4 it S 1, A
PR ZAE LM FE B b b B Bz i) fr f 2 ) BAE M
Hhn. $2 v Hi-C 1 7 #8282 HH B 2438 1) R 1) £ A0
U, B — AN U AR SR 1 A B AH &1 35 K] Je2 2 [R) HA
5 Z 1R ik [R] JRE 4 A, FR A 4% €5 )5 #F (chromatin loop;
Kl 3B), HE3h T 58 T K s BEAE . 3
(loop) A& G £, Jit PR FF 25 14 £ i 1) OB , 42 52 i) 4 5%
FH A i) WA 33 47 1) EE L R 3R (Ardakany et al., 2020).
K43 Loop #BAR %.(< 2 Mbp), 3 H7E4H fu 2K 8 2 [7]
PA R i 2 18] (o N2 B BAT AR SR I PRSP 1 . 8
&) ¥ 14 58 7 2K (promoter-enhancer loop) & #x & WL 11,
5 LRSS A 0%, (R I A SR ME— (1) G (A 5T 3E , 3 9 1
5351 2 WMAHEAER B35 B3 1 Z A1
AH HAE FH R85 T2 B R 2% 1) Loop &5 %4 . Loop fix &
2 HREPE A2 1 R AR AE — R LRSS T Tl HH B
CTCF &7 . 5&T Loop MITE ik, H 0 iEAFEIR 2 1)
G, K 2 BB SRS “ 5% e i i (Haarhuis et
al., 2017)”, 4 7 MAS A #f B 55 2R N #u B 9T Loop,
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AN 22 BE 5 Y0 57 2E (1) Hi-C %l B T H. 1 31 - Peakachu
(Salameh et al., 2020) A& 7 3000 J7 4% 4 )57 [i] Hi-C 13
K 45 21 2543 35 22 Loop , X T 0 55 G 044 2% ) 25
A EE R E X

3Hi-CEAKWFENH

ARk = g ERE

Hi-C 43 A f S 70 1) 7 FH gk o BT 7 4 0 4k £10) = 4
SEARGE R, A L = AR R IR A A B DR 4 3
fiE A 58 (P 4). Dekker (2006) # 56F FH Hi-C BA
Tt 0 T Bk 4 B 9 00 73 2 Tt 2 v A 22 R T[] Y G A
)7 &5 8, o 1T AT ARG g BRI AL fi 2
(] [P A XS 2 [ o0 A, 38 15 Gt pk o — ANl 1
WAR” . Z 5 Hi-CEOARAG 2B 92 (1) B H 8RR Bk
Z ) =B A B A i oK . Dixon %6(2015)%
il 7N HL S S VR G 48 DA & 9 R = 4
Hfd (mesendoderm, ME). [H] 78 Jii - 4 ffl (mesenchymal
stem, MS). ## 2 #H 41 i (neural progenitor, NP). ¥ 5%
JZ 411 Y (trophoblast-like, TB) 1] 4= 3 [K] 2H 4% €& J5i 41 H.
VERE, I 32 i) e 0 )t B 20 B 5%, 1E S TAD =& G
AR X S BRI BT, Y R Bl 1 AR
BT R A . AR ROk K 2 SE G E (Xie et al,
2015)% 7% Moissiard 25(2012) & 3% ik (900 5 TF e (05
5 R AH B AR B0 40U R I I AR S kAT T
FEISUE T & R AT EE M, UE M Hi-CEOR AT BLA T
T ) 241 PR ) 2H 25 DA B % 65 53 AH ELAE Bl e, W e
SREEMRER. 25, BERMNCELI T AN

Y Jii Chromosome
Je )i 3D 45 #) 3D Chromosome structure
F AR The interaction map
YR Z B Diversity of species

P Disease
e Pl Pathogenic mechanism
i 5L [X Pathogenic genes

LR 2
Genome assembly
R Cluster
HEJ¥ Order
SE 17 Orient

REIEH TIhE
Study genomic functions
HEEFR Lectin
K& % Conglutinin

¥l 4 Hi-C 9 3 3 V8
Figure 4 Application of Hi-C
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B~ B TR LB B D SR (R R AT A% A ) K
(ENE S SN 2L bl K/ S R ORI 5 2y i P i
TR Gt it = 22 (R S5 K A5 R A SR TR

3.2 HBEREARE

G £ I3 IR P EL AR 58 B A 9 BB 1 LA i
Fe T L ) — 2% e ek 30w P 5 IR 2 T (0 #R LA
FH 23 bzt BE 25 (0 B VR Y B 5 . R A aX — R 2, B}
=2 AR Hi-C i Bl 25 K 40 240 2% (Lachesis) , & 35 2
1 3 K] 20 41 %% 1) #E 1 2% (Wang et al., 2020). Burton
(2013)UESE T Hi-C A= e £t 46 & — N E & iz
FEAS B, AT DA 0 2 5 41 17 41 5% 95 (cluster) s HE
FF(order) M1 5E [ (orient) £ 4 (o4 , At 75 e Al E B D)
H R Hi-C H ARG B 413 7 AR/ R R R 4.
Xie F£(2015)F] H Hi-C H AR 4% 1 4005 I 1 JE AT 4.,
RUZEARAEM D40 [RIFE & A - Bian 55(2020)
ERA S HERARATR T, FIH HIi-CHARARE T
— P A £ S TR TR 2L X AL S 0 R TR I A B L
TSR, Bk Ak, KA it (Dudchenko et al.,
2017)A1H i (Zhang et al., 2018)%5 Bl ) 3 8 4H 20 %
RIG B AR T KTy, HAER R &, S5 m L.

3IRRBERDEMRIEZESR

Hi-C £ R 1 Re i 4l Bh 24 2% FL R 41 2 4b , ik g
% 53 B AR e B DR 1) ) e S FLAE AN [B] 56 A 1 IR 3R I 22
St o AR SKAE 5 BT F5 T R AT 2 H X e (A RN G
ARTE Jr F KPR $0 S 0 22 et B 3C
Hi-C AH &5 & B 7 A i T A DR 2 % £ )t BLAR T
RI X Ge i A b 1) TAD 320 5 bl e € R 13 5 58
HEAMEE, B 7 EAMEE A Y (dosage com-
pensation complex, DCC)if it 5 REX i 4 45 A& 5k /v
T TAD i S BT B, AT 50 X 3% €0 AR B AR 3 41 25
R RE o E A RE S SN 23 AT 22 3 LR EL 53
ZLIA I e 4, T HL A 1A 4% 2k R 3R 0A 1Y B 2 o
(Crane et al, 2015).

3.4 &R R HI M A

AR 22 95 (R A 5 e €L o 1) 2 () 5 R AP A
UV, A Hi-C 52 A AT LA fiff 3 ) B 2 [X]
T3 AL 1) B 0 2 A A B o) IR T T R e TR
S DAL Q] 6 4H P A% F R 2K 3 3G A0SR R 1 AR T
SR S A R

FEIEH NEEH 47 5% I NRIL R AE 454 b
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FIAZH T 24 2 R 20 B i ik 2K (deletion) B &
(duplication) &/ {7 (invertion) i A (insertion) fll % {if.
(translocation) %% , 4t FR Ay K [A] 2H 45 #4) A2 ¢ (structure
variantions, SVs), 1 48 & i 11 3 25 K 2 — 4
ZRVE . B P EOR I IOE K, Bk 2 Ik
P 1UE B SVs @ i 1E H T TAD 5 B iR & ik fps 42
(Benko et al., 2011; Spielmanann and Mundlos, 2013).
ANFZR B SVs 78 Hi-C AH B.AE FIAE e b R BN 7
A5 = 1 o ek 55 PR T A 2 SR AT THE I M Hi-C 28
HHOUL 8 B 1) 3R G AR A5 5 A7 Bl T R I g e 2 R 4H.
S AR E AR G i B A, B4 Hi-C BOR
5 H B e S RN SR M AR 2 T A
BT s v 97 SRS I £, Wu 56(2020) 225 04 1
Hi-C (4% 1 Chip-seq 45 R J5 , W B w1 5
e A 35 DR AH OG5 FL R LesMY C- V(e 45 S5 14 389 5 1
RNA 1) A] BE A B T J50 5 R i 0k o 3 68k 3 It
T NATTE B 58 7 1) DNALRNA AR [ 5 4 M 1) 2
fift o

B ik 2 4b , Hi-C Hdfs 30 vl LA T 38 e ( fk B
£ B (B 4), 3% — R BT o e €8 o7 45 4 R S TR 3Rk
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