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BE  ARAEWERNA FR MR ZIAEE) oA, B Sid R DX S0 Y 5 25 M AR AR SR 2 T R A 4 G, X X
HrBEEFE RO e R v Je k. B IR BAR (% J€, DNase-seq. ATAC-seq. MNase-seqfINOMe-seqs:41 25 A (1
JSLFH, A R R 2015 B P % 6 J5 R B P A 0 A8 73 T A L 3k o 122 S0 R BEN AR T SOAZ AR W g € S5 mT B M P AR R AR I T 1 I
RIFER, R4 TRAMEER . HEABMURERRTFSEESRERT RENRR, HERT AR RS 5EMEK
JE IR0 AT U R, DA AR A AU 4 DR AL KT e B R MR A IR A% TO A2 R B AR B I 8 A

L PR A T 2 P 45 O AT SR LA 5
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Yett i m K ik, 4R 1181, DNase-seq, ATAC-seq, %o

FEEA, BIR (2021). Je@pin] Kk SEPHER KX, BY%H 56, 664-675.

HAZ AV A DNA Y H 15 1 455 G4 TY 1%
VAN ) SN =R S 2y 1B N v R 3
/MK 21147 bplIDNALLA M2 i 75 X JE S8 7F 41 B
HVRAR b, T /i 22 18] 1) DNAFR 1E 3% 3 DNA
(linker DNA) (Luger et al., 1997). AL K4 E# /N
WRHI AT FEAI ), B AR BRI 7 G o X A% /M A
(HEZIAR T B0 e — S SRR R X (W5 31 3
S AP TEAE B SR FR 2 DR DX ) R /N Ak ) R A7 A R AR
2% DX IR % /N A (8] DNATE AT B 3 s [ 7 FIRNAZE &
BESER T A ASE, ITE BCEE 52 A ) G (o s R 46
¥J(Lee et al., 2004; Thurman et al., 2012). AHXIFA
ACH. 2 4 Y B A 1 XK TR I (s X, AT
Al RS EE R Y Y- WE eI DA G G P Y RN
TENL B 7 S A A G 0 HE R I AR SR A A T Y
45 (Klemm et al., 2019). 40 e (0 i v] f e
KRB RS FRI B R T RIS BRER 2 (1
R, Qe pinr v SRR R R . B A
H & B AL RIS v A5 %5 V1 BE & (Thurman et al.,
2012; Sullivan et al., 2014; Qiu et al., 2016; Sijacic
et al., 2018; Zeng et al., 2019).
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SR yEnlih=R/)sE s & NV 3N SN PSS e il
BREA TRAE]D, AIH BRI G05 45
LHZ HRERIERFHZEREN . A TEENA T H
G AT RAE I, S T R MARERL
R AR R R 745 & 5 Qe ts T KRR R &R,
FFERIR T Yt ST e VS 54K R H 3R
ISE AT FEEJEE,  CAS AR A e ik DT 4L /KT e )t
R RAERTTE . WK T2, AR H S N
TR P AR AR TR 4 X 2% R A A R A A 4

1 RERAREENTTZE

1.1 BUEARELZRHIE

Yo Jii v KM I X I DNA 2 T HCIR S, & 5 A
LR P FOARAL o Gt 57 AT S VAN 3 B3 i et
J5i DNAXT % 24 1% 1% g e e A% FH 1) S0 A2 B2 SR Al 1,
T 6 e i T 0, 475 it SE R F X BRI (deoxyribonuclea-
se, DNase I). Bk % B2 (micrococcal nuclease,
MNase)fl1#% i fiff(transposase) 2 . F.7E201H 40 704
R, TN Gt is I DNase 1F1MNasext 4L 2 i it
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AT WHACETT B FE 24, 45 R R INE i ey ik BEAZ TR Il
AL S5 I Ge (5 H B 100-200 bp ) JE 1 A BE(Noll,
1974; Lohr et al., 1977). JLti )i AN A [X 3k X} DNase |
PR AR, 24— AN FE R A T s s RS B,
XfDNase B fiftE H I BBURE: LU o % s 1 [X ek ey
1005 LA I, #xyDNase L& 5 (DNase | hy-
persensitive site, DH site), [ JF i %% 4 i X (Wu,
1980; Keene et al., 1981; McGhee et al., 1981). &
1, BEFEN G306 B ) P AR B G £5 5T DNA v Bin LA 46
1k, K FSouthern blotifi i 47 i /3 71l R EREE X U E 4
FUEEAT 34, AT S BN R 7 s 1) G € Jo3 ] R PG
Ml (Nedospasov and Georgiev, 1980; Wu, 1980;
Conconi and Ryan, 1993). 2 J&, fEiiEPCRE A
I\, — 25 qPCRAMI b [ S P #4121 5 A 7 ¥
AH 2k TT & 1K (Mueller and Wold, 1989; Rao et
al., 2001). 20044, Stamatoyannopoulos#lCollins
PRSI 0 AT A 73 90 SR FH 4 J DR 2H DH A, s~ AT S B 7
5, ORI IR 5 5 I 5 HE 3 3 4% 2k R 4H 7K P (Craw-
ford et al., 2004; Sabo et al., 2004). BoyleZ£(2008)
FrAI K DNase 135 73l J= 1 44 5 5i DNA EL#:
T A SCEE R, JEE T i E T . 2
13 W7 CRCEN I DA Y o1 T 5= W iS5 it A S s o =
BEIAR, T RCRAEBISE BRI T, Sl E
WFHARKIRRE, #3017 2 Mn] H T 3 5 ] s
M5 I, WDNase-seq. ATAC-seq. MNase-
seqfINOMe-seq (K1),

1.2 DNase-seq

DNase-seq (deoxyribonuclease | hypersensitive
site sequencing) & F|f DNase |54 1% G o )ifi it
ATEB 5> WA, 55 [FIUUS FIDNAEAT AR T, M
E 2 FE DR 20 7K S 23 B s 68 53 T R At 1) — Fh O v (B
1A). ZJ7VER LA IE ] $]20064F, Crawford%%
(2006)F1Sabo%5(2006) Al i 4 & 1 i F 3 A58 Fr £
ARSI N 2 A J TR 20 2% [X 38 1) FF e q e A - B
J&, HEBE AR PP BRI R, X PR G 51 ] A
Ao U0 S % AR I FH 381 v e AR, AT LIRSS T A A
DR 40 7K A PR % €8 J5 ] R PR o X 79 e SR s v 1] B R
i A il 352 (end-capture) (Boyle et al., 2008) 4l
XU (double-hit) (Hesselberth et al., 2009). #
i difi 3R V5 B - Boyle %5 (2008) 1 i, 1% 7 ik iE it Ad

A el S LR A VI 665

Fi&EDNase | ibFE 40 A% e €, A L AETF s g
X R RIEIAL i, AR5 1 B BR i A D) B Mme |
e S PE I BIE R, 3R Y 10 2R o 4 5 220 bp I T
BT Gt 1 m] S b . XU U Hesselberth
% (2009) $2 H 1 &k B H T % BE (Saccharomyces
cerevisiae) I % & F 45 & E1 12 /F Bl (Hesselberth et
al., 2009). i%Jjiki il ¥ DNase K &4 HIfE—E
YO FE P, A AR T Y R PR O g DT, AT
DNAVIEI BN i BOBE R K, 3E — 2D X X 28/ 7 Bt
TEAT WU 53 B SR VP Ak 12 DX 3 % €8 53 T B 1 o ARASCTT 5
IR Uity A R VE AT R AT (0 T SO T A7 R 2, XU D)
DUV A — o A T 7 8 114 45 1 A0 2 R B vy 1945 1 LE
(Klemm et al., 2019). [FHF, XUEE)E R T 5 H)
DNA Fi Bt K 8 (50—150 bp )iz kT K 3 #592:(20 bp),
A 2w R 2 i TR A4 B o SR AR e . R itk
TR R R AT B — B

1.3 ATAC-seq

ATAC-seq (assay for transposase accessible chro-
matin with high-throughput sequencing) /7 7% i —
T v 3 T 1) B AR i TS24 FF T G 2 )57 [X 435 I DNA
FrBetk, 30 B8k (K1B). %75 HBuenrostro®%
(2013)7E N 40 e b g 37, J5 #E 5 DNase-seq 1 X
B UIESEARL, 35 R0 TF g% €4 )5t X DNAY) & B Fr
BT ZARMF 534 RAATAC-seq i im0 i 4L
Ji AT Je P 4 3t 5 DNase-seq 7K iy Jifi 3K 72 FUOUEE D75
B4 1R 7 AR AL (r>0.75F1r>0.8) (Buenrostro et
al., 2013; Corces et al., 2017). {E{EHEREKIZ, 7E
A R 2 (1 7 R T 4544 BN (TF footprint) 3 1 it
FErf, ATAC-seqf1DNase-seq’ & B H — 5& 1) i
P, Ho & 17 21 2R 20 g (0 R e PEAS [R] 1T 57 (He et
al.,, 2014; Meyer and Liu, 2014; Schep et al.,
2015). ATAC-seq#f# T DNase-seq /7 i [ 1L 4 7E
T, TS BERGLE A5 J 5 B A0 I [R) It
FERIEN, 3K HRp A S P A AR A5 T A A
R TH, DUTE2/NNHE AT 58 B AL S RN R,
FLAE A S 46 158 FH & 1 T IK 22 5004 41 g (Buenrostro
et al., 2013; Corces et al., 2017), $T L3,
ATAC-seq /7 12 R G 0 5 R S PH 4G I A3 1 44 T T4
RZ—.
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(A) DNase-seq /7 %2 FI %R M V)EEDNase WAL gLt
J X DNAFE AT 8 1 7925 Horpr, SR i $R v i i 42 B o g
Y15 gt EDNAK A B, Zinill 74 1. Mme BEUIAT iy
k2% b I SRR AR T BR20 bpfill S R, W
B 1) v )38 S SR BOWU B V) i B G e s/ B, il 423k 1
258 BN FE SCE IR 2. (B) ATAC-seq s i1 I Tn 58 U
e A TR 14D Yo 2080 e B G P E 5 J T TR % €65 X DINAT I 174 ]
NIk, SEBm O EM . (C) MNase-seq s %A
MNase ] P4 1) B A0 I BES 1K O €5 X DNA D) IF, A
i fklinker DNA, 4 7% /MEDNASCE, A S8/ IMA &AL
R Gett JFn] K A R BASI . (D) NOMe-seq /5 44 H GpC H
FEERSEE X TP R X GpC M EREAT W AL 8 1. A28
I AN A7 1 CPG™ L 551 1 76 P YR 1) GpC™ 7 a5, 48 W A BR &
h AL HEAT A DR AL e, BT R ARG 0 R £ (X
S TR IDNAF JEALAT A5 .

Figure 1 Principal methods for measuring chromatin acces-
sibility

(A) DNase-seq uses the endonuclease DNase | to cleave
DNA within accessible chromatin and constructs the DNase-
seq library. In the end-capture method, the large DNA frag-
ments from open chromatin regions released by single cut

are collected, and then processed by several steps including
adding adapter 1, cutting 20 bp of the DNA using a type Il
restriction enzyme Mme |, and adding adapter 2 to complete
the sequencing library. In the double-hit method, the small
DNA fragments from open chromatin regions released by
double cut are collected, then processed by steps including
adding adapter 1 and adapter 2 to complete the sequencing
library; (B) ATAC-seq uses a hyperactive transposase (Tn5)
to simultaneously cleave and ligate adaptors to accessible
DNA. The efficiency of library construction is thus increased;
(C) MNase-seq uses the endonuclease/exonuclease activity
of MNase to both cleave and eliminate accessible DNA and
linker DNA. Therefore, the DNA library from nucleosomal DNA
can both detect the nucleosome occupancy and open chro-
matin; (D) NOMe-seq uses a GpC methyltransferase to me-
thylate GpC dinucleotide in accessible DNA. There is only
CPG" sites but not GpC™ sites in human cells. The DNA se-
quencing following bisulfite conversion of nonmethylated cyto-
sine to uracil nucleotides can simultaneously provide the ge-
nome-wide measure of accessibility and DNA methylation sites.

1.4 MNase-seq

MNase-seq (micrococcal nuclease sequencing) &
) Pk 3K T A TR T Y AN % /DR [) SZE 422 DA, AT X6f
/M E ARG BLEAT 3 AT R (BIM1C). ST A%/ MA
o 6 7E e € 57 m S PRI S0 B R R 4% 4y B A
F, MieczkowskiZs (2016) #il Mueller 25 (2017) F) F3
MNase-seq /7 581 58 T YLt i o] K 1 . MNase ] /£ -y
8 WU U1 R % /MATE] T linker DNA, AT E 1%
P& U7 Bl 3 A0 A 4 B B 5 DR B I DNAFR 43 o (AR
&, MNaseX] 1 /N DNAR ) F 250 3 AR T A% /N Ak []
DNA (Chung et al., 2010; Lorzadeh et al., 2016), iX
WAz T A% /M E RLAE S ) JR A . {H Miec-
zkowski % (2016) i 7t & L — L6 4% /)N 1k th 3% B X
MNase 7 & 8, F|H MNase ) 1X — Rt AT &
TMACC (MNase accessibility) /77 (Mieczkowski et
al., 2016). 1% J7 75 A AN FE R 20 F i /MR o5 47 K
et 5 n] S F I AT RN, A TR ST R A A A ELAR
* % . MACCH {5 5 5 DNase-seq4h S Ak —3,
3 U5 AL R (W S 2 46 47 R (transcription start
site, TSS). J& Z)¥ DX AT 581 X ) ¥y e ) 21 ke e
Jii 15 5 (Mieczkowski et al., 2016; Mueller et al.,
2017). AFEKIZ, TR 1LX (transcription ter-
mination site, TTS)A1JE P& X HIAR A I 30 T 75 G ¢
RS, FrARX— 2 IR R AT e S A T DNA



Fr B R i e it A2 B DNase I#1MNase % f A% iR il 75
TFRMANERK. AL, Zhao%%(2020)HF 7L K, F
FiMNase f] /1| #|DNase 158 Tn5 6 A 21 1 - 4L
5 X 45

1.5 NOMe-seq

NOMe-seq (nucleosome occupancy and methylome
sequencing)fi BiGpC H Z:# # lilf(GpC methyltrans-
ferase, MTase) M.CviPIXf FF i 4 ()i [X GpC — % H
B2 3R AT FHEE AL AS 1 1) 1 FH SR A 0 % €2 J57 mT R 1 (1
1D). %5 i HKellyZ:(2012)7E A4 b7, J&
P 5iDNase-seq. ATAC-seqfIMNase-seq /5 V%A A .
NOMe-seq A~ %} 4 & Jii DNA#E 47 U1 %1, i /& F
MTase X FF i 44 €4 )51 [X GpC 4% 1 B2 [ 1k 5 12 11 fig
FIRA WG v] Mo BT N SR 4H i AN A AE AU

FF ), T [ 3R 75 40 i Y GpC AT CpG i Filt — 4% 1 iR
[IAH 515 B (5 512k F MTase X Ff i e o i X 18 GpC
(A J 4 5 DR ZH DN AR AT ) o DRI, %077
A DA [ IR 3R A5 G ¢ o AT B M 4 L DR 2 R AR AE B
(Kelly et al., 2012). {EFEREME, ZTIEATEXS
Pt FiIDNAEAT VI, A TEZXIDNA R BLdt AT &
£, TRERE I HHE LASRAS 2 0% (¥ 00 I8 B ik R
A HRR, AR BT AT (1 G € 5 ] S
Bl MR, B2 T HAVIEIDNARIRHE, %07
A BEE S 1 U EI AN B R IRl 118 ) R

2 HRERAIRMEREE

FUAZ A3 R 2 DNAR 41 2 1 s H E DNAZS & (K 1
(B R T ROFERRE MRSt ES
LV . RO MR RS S EASTESE
LRGSR TR e Gt o AT R R S B IR R
(B AMGERL. AEABHMERET455%)5
Gettn o m] R MR AE LR R IEAT /4

21 BMEEMSERGERARYE

B/ AT s R AR AL 0 Xk, DL R
AR T7 AHRFIE G 5T b (EAZMAFEIE R
ML AOFAE— A, TR AR . X FhE)
BRI AZNMETEDNA LIBT3, B KM

A el R IS LR A 667

KA B4 ## % (Lai and Pugh, 2017). #%/Mk
FEAS A Gt Jo7 DX I 1) e SR T e AN [R), R I TE BRI JE
) UG 5 DXAZ /A i 5 R W s T ANV R
ST X . MR ER AR S 2 RN EA
%, WIEDNAFRSIRES M. HEABKNSE, ot
JRERE G, TR AT K745 (Rando and
Ahmad, 2007; Klemm et al., 2019). #F5 &I, 7EH
PR BF 3 21 DX 3 A7 72 1A % M B A7 2 (nu-
cleosome-free region, NFR), #Z/MA[FH K IE55: T
A UASNOE SR O S O S I R R E b A
AR TR E 45 4 (Almer and Horz, 1986; Yuan
et al., 2005). NFR b Tl 7 & AFE AN E %
IRZER, A4 =1+ 1% M . +IRZAMEE AL T 5%
AR OT AN U ] E B R, HZ R B AEAS [ A
KA F (Yuan et al., 2005; Mavrich et al., 2008a,
2008b; Schones et al., 2008). K J& 5T X k% /MA
HEFIHE 5 RNAZE & B ChIP-seq 25 AT BX &
AT, RIS EDT XA RNATE A B & 4 ACF il e,
+ A% /IMA B H T Ui B A /MR € AL I B fi. (Mavrich
et al., 2008a), #iU+11Z/MEERNAREEEIZ 51
R EEER . M1 /AMR L E EEA S
SWI/SNF (switch/sucrose nonfermenting)®& 44/)(Dut
ta et al., 2014). SWI/SNF /& — &M 704 A 4= TH 42
R EBEEY, B8 —RKBATPIE AN, W H)
HATPKfRIRE =R R Bahslal N EH, Mk
A5 %M ) 52 AL 5 7 % (Ribeiro-Silva et al., 2019),
HETT R U 4% 701 DNAFF 71 5 5 ok, BLAI -3 s K]
T5DNARIZ G . 7RO EEESYSWR
(Swi2/Snf2-related1) ] /i T 41 # FH A& /A H2A.Z1E 4t
O EUORR, T B s MK H2A S 1, fERERE, 2R
I (Drosophila melanogaster). A (Homo sapiens)#ll
1107 77 (Arabidopsis thaliana)2& 2 4% A 4 vh 35 K& Bi
H2A. Z T+ 1%/ M B K E TR (Clapier et al., 2017;
Kumar, 2018). It 4k, Luo % (2020)F1 Murphy %
(2020) K IH2A.Z 5 A ESL R A R e X I A 38 5 7%
Bt mr Xy g i g5 M - AR L, iS5 2 M A
WA R v P R DR R A

22 AERBHSFEERTTRME
W/ MR R B 1 FRE 412 1% 65 (histone code),
A A B PR R B SR A, AT e R ) e
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J K B 45 ¥ (Rothbart and Strahl, 2014). Ktt, #
/NAZH B B R AS A A S G 6 5T Th RE IR 0S40
HPIAR DG . 0L A2 B B TR S B AR M 2R £ Tk
o R RZ Ak, RSS2 DL 2 SRR )
iz 1k (Felsenfeld and Groudine, 2003). M4; 1%
YA AT, AR AT e — e AR R IS5 R A
5 DNAZ> I8 ) #1 T4 Hl (Vogelauer et al., 2000;
Bernstein et al., 2002), M iRz ML 2 H O fF
RHR, fEEmPanT L, FRRETEES S5
B A . WFFRRIL, LB & 5 5 im vk
e IR BT s I ORIEEE . i, JH 3 FH3K9ac
B K- 5 3k NS 20 B 5 A A S JE DR Y ik /K
£ IEMX(Du et al., 2017). 5 ZBHALBIHAR, 415
1 SB35 L B A 45 & T nAsse, HLA
A — WAL IR = AL 3R A
(Rothbart and Strahl, 2014). A [ ) F 3 L&
ANE], AL P T e E ¢. 91d0, H3K4me3
FEN 4 M 5 40 A0 T s R S R R (9 R 3l 7 A
(Vallianatos et al., 2020), X Fi& i F] T X} i 5% A
THRNARSEFNRHZE . Hoh—sedl 5 9 s
o D) 5 R R R v B OGHE . i fn, H3KOme3 LL
H3K27me37£ I 7L 2)) ¥ 4 Jfd b % 4% 2 13k G 10, o ek 4R
fK14%E H (Nair et al., 2018).

23 BRATFHESLERTRKE

AMERENL fREFE ENL, DL E A 2P e
T3, BIEERN T G A — 8 Rk, M2 K
DAl ) 2k 7K T o A DR 3 s IR 1 T e A A% /M 45 6 r
BIHENIR 2 o Horp—Fo g ] B R RO AR 24 4%
M FR AR, Hs R 5HE R gL
A DNARL s, A 12 DX e G €4 5 1 IR 2 38 i, AT
R H e B s DAL A DR 1R I N B 4t 2% A4 (Workmian
and Kingston, 1992; Svaren et al., 1994). XFh{E %
BERANE S 1 52 MR ERAEH, Jv— M
B 754+ (Workman and Kingston, 1992; Svaren
etal., 1994), Bt b, XPBIRITEIE A TR e e
Jo7 X s IRl - I 25 B A, DR e e 10 5 X AZ /MR (1)
JA R AR B ARG e R TR R BN 5
G455 ¥ /MAEDNA (Bao et al., 2015; Swinstead et
al., 2016). 7 —MH RO ERE 5K S 5%/ ME
il SR X Y B8 TR TRORN A% S R F I 45 G R O L B

O L R gy kAT, BT S
Z/MAEIE ) linker DNAZE G, i — il id w4 gh &
B I G GV T LA I MARREE, T EE S
X 5 ) e € 5 AT K P (Mirny, 2010) . Je A4 €0 5 5
I3 R W 3t vy — B e S IR 1 45 A R TS B TR
X, ZIX A Sk R T B A R B B R, A
AR G 07 DX R /MBI A e £ )i B
#(Almer et al., 1986; Taberlay et al., 2011), HALH]
Bk izt iy 38 2 (R A 4%

3 RERTEMESEYERE SRS
BT R

LR, FED A % Gt )5t mT R A ASr Il 7 3 1A 18
i o8- YRS iRV B G NE ok Y WA EZ el D S e o
FEA A AR T RIS 0 7 R FEAR R i . BILRE
JUSFE IR SRR FUE S 45 00T

3.1 HEYTEEERARMEENAZEZNEAS
AR

AL 40 A3 AT O Y% £ )5 T B M IE LR R A SR
Southern blot77 %47 . H AR} %% Kodama&#(2007)
1B T 5 T Ytk - —Bi480 KbIX [A] 4Lt i 1)
DNase EHBBUEAT 250 1 4% FE PRI 20 7K e £ i m] J
For Il B R AE 20124, b 3 [ gl BE 2 K 2 Jiang [ BA
PA/KFE(Oryza sativa)Fidbh B 7+ 4 kL4755 (Zhang
etal., 2012a, 2012b). i%HF\ X H i¥)DNase-seq /5 i
#& 1 Boyle %5 (2008) JF & [ A ity il 3k 5 & J i ok .
20184 F120194F, 1% [ BAAH kI8 1 He it vl Lo 4k
£ £ K (Zea mays) 54 % (Solanum tuberosum)&s
RAEPIFEN A L 1) A5 (Zhao et al., 2018a; Zeng
et al., 2019). SullivanZ(2014)%|f DNase-seq X! fii
DR T 400 R T 4 556 DR A 18 42 o 1R R0 A% S R 1 45
A B, IR DL R B 2 et T ] PR B)
AT T /087 LuZs(2017) K5 i i 4 ik e R
5ATAC-seq /7 LM &, HFER T 4125 DNAXT G 4
Ji AT KT . Zhao%5(2020) K MNase-seq
T3 N FH B0 R I G o T At A b, R T
DNase-seq /7 £ ARl 21 i H o A s . 2 H |
1k, DNase-seq. ATAC-seqflIMNase-seq%5 i F
Yt 5] R PRSI 7 V35 O3 Ak N B AR A7 Ak



3.2 EYMERAFTREERXIEFIE

MR N G i o] PR K2R, H AT U8 H
ST TG €0 57 PR R AIE 15 0 32 4 o 7 4 B DN 41 ) A
FRIEAS AT SN P45 6 KRB A f 5 4R 1B
MREAH DG 7 BT 48T T . 1 5E, BRI S, M ERA
TG 5T I 40 AT 5 B BE L 4 i (Caenorhabditis
elegans)f1 A 40 i b AH AL, 32 B0 A T8 e (o i
X, DWFFRaRX . RN GBI et
JoR 2 BRI ARG G i 2 DR (0 67 B AT 70 2%, RILKZ 4L
G AL T JE R L - R E1-2 Koya B, o4
AT PR A X LR g 65 1) 43 A A 5 B[R]
ARG —E R, B, NZR4HHE A 2939% I
YLt A T N & T X d8(Thurman et al., 2012), ifi
FOLRE T AN K RS S5 A A 35 TR AL 25/, A S A6 0 31 5%
1% B9 FF 75 L A7 T N 5 7 X (Zhang et al.,
2012a, 2012b). SuthA, HEAEEF AR, f£H Fia
DU A7 358 R ) DX () T s 4 €60 7 L9 Bk (Zhang et
al., 2012a, 2012b). Hk, Gutafiin] K& v LR
U 10 78 5 B s DR - AN e R 5 2R (I ChIP-seq BlE
453 . Zhang % (2012a) k4 82 (UL S I+ A6 75 T s g )
Kl 78 i 118K B K E X 7 AP1 (APETA-
LA1)F1SEP3 (SEPALLATA3) ] ChIP-seq %i i 45 H
[1195%F190% . FIKk, B F0 K IG5 [X 100 ek
HAA [ E 4G iz Mg, B & A g tfiksic st
Z DX R R IA T BB ATE A« KRG A (8] X T
IG5 5 H3K27me3 A B R [5G, TTH3K27me3
Je—H 4 LA & A E A 1K (polycomb protein comple-
xes) ¥l M) B4 8 FAnid, 7ERLRE T R R B L AT
kK E I K K #KiA(Zhang et al., 2007). Mx, —
S BRIk L R R a0 o 2 o AR — S B A A A AR I
1, H3K4me3 H BIL7E % ke 4a A s Pt i, T H3K4
me1HIH3K36me37E 5L K X 3 i % . WA TN A
HATH3K9acHIH3K27achx ict 2k K] 7] [X IT 8 4% t )it
TR AT RE R — LW AE Y 92 770/ (Lu et al., 2019).

33 RERAXMSEMEREAE

WK R E W K— R 5 HSUR 145 5 R 1) &
15, Fe N7 5 IR TS E N 45 60k 7 AR IR
BEATHISRBIT R . HRAEW T ANERE T o 524
PRE TT AR5 A TR E 2 A B R 1 3R0E R, 14
PRIZE T AT 2 A RS AL TR . Ik, HIE K
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Abstract The topological organization of nucleosomes across the genome is non-uniform. While densely arranged
within constitutive heterochromatin, histones are depleted at regulatory loci. Chromatin accessibility is the degree to which
nuclear macromolecules are able to physically contact with regulatory DNA. Following the development of next-generation
sequencing technology, a variety of quantitative methods, including DNase-seq, ATAC-seq, MNase-seq and NOMe-seq,
have been developed to measure genome-wide chromatin accessibility easily and efficiently. In this review, we first in-
troduced the technical principles of the four principal methods for measuring chromatin accessibility. And then we sum-
marized the critical biophysical determinants of chromatin accessibility, including nucleosome occupancy, histone modi-
fication and TFs combination. Finally, we described recent advances of chromatin regulation during development and
stress responses in plants. Our goal is to provide a reference for researches about genome-wide chromatin accessibility
mapping, identification of cis-regulatory elements, and the dissection of epigenetic and genetic regulatory networks.
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