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sequencing, DAP-Seq)/#1. DAP-Seq/&: H RIH T & 1)
—FPARS M TE-DNA HAE R 53-8 51, T ETEAK
T TS TRHUAR TR T, RSN RIA I TF A
X HREE 2 RE R ZHDNA Bl T a, DA Hah G
f B ALY DAP-Seqibili g7 ik HA A . HL
TFZS G5 BARBR . 73 MZ T Bl A 4 R 20
DNA#EAT T3 R4S & R G BN A 75 F
FAIEMSE), XA HAEARIN TRSS & 527 FZS G0 i
J5 T G HABARS MG T 2 ST UHERf . H ATDAP-SeqfE A
. IR T DA S B OK A O i S I AR A5 E
-1

ARG L DAP-Seq 5T AR IERNA-Seqif 1T
AN, KIAITN02 HHAEFR I S HT AL R —
B, [FIIHAF 2201 DAP-Seq i S K #1) 02 B 42 # bRt
K. GO & BRO2 A% R HE N = 22 5 St kPR A
R 1 2 HRBER A GG RS, [FrfO2id B
PR S AL BOAH DG EE R A . FE A I D O2
bR R F S SRR, AR — LR T
O27E ML A B i e A HE PN L, A R XS i A B
FEAIR B HEARD FE.

1 MRSk

1.1 Ak

B R 15 dBT3 F KA.
1.2 Jjik

WEBartlett 25 A\"HRAH, XTDAP-Seqfir kit
Tr—E B, BT

(1) DNAK BHb s, FIFCTABIERBUZ MG
15 dF K HKFRIDNA, fii FiBioruptor Plus{¥ #4728 H Bt
KN K250 bp. FFHRIER(BECKMAN COULTER AM-
Pure XP A63881)fifiik HAw b B A FH A A ) &
(NEXTflex-Rapid DNA-Seq Kit)5¢iEnd repairld & fiNA

(i) EARK. Prl M ERA BRI YF: 5
CAGAGCGATAACGCGATGGAGCACGTCATCT-
CAATGGA-3'fIR: 5-AGCCCGAATTCGTTTTTAATA-
CATGTCCATGTGTATGGCCCCA-3"¥O2 1 FF ik )i
HE 437 F 241 F|pFNOK Halotag"T7SP6 Flexi“#/A. SK)5,
i B IR 11 33K 2245 (Promega TNT SP6 wheat Germ
Master Mix)f#i 3 IH, XFO2 5 41 JFki itk 74k,
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(iii) DNAYHE 454G LK Western-blotting il
W 25 U U S Halotag-beadsiR &, 25°C, 1500
t/minfZ 1 h, SRIGMADNASCEFED 1 h. 5254
J& i YEHalotag-beads, [ 5.0 HIA30 uL EB¥fi#.
SR FH98°C 1000 r/miniZ 7 10 min. HNEEE R E 7. Z1H
B R 2R L, R 5 2 min, B LIEHRS
BB, FHRE T —20°C, I TIREescss. SRIg &
fiHalotag-beads Z.L> 4 1 AIA40 pL ddH,0, HHAMA
10 uL 5xSDS-PAGE FEZEMIRR, SRIFHS B3O L
FE100°CHI#A10 min. H20 uLiE A T Western blotting,
Fi#rHalotag-beads I /&7 A 028 KA.

(iv) ¥, FIFHPCRY HPH Index M AR 5024 H
A MDNAR B b, AR5 R HBEERE— 2D T e B L
IndexIDNA B, FF] FHKAPA SCIE i #2147 S i
DNASCER A1, &5 DT AR EA A
A SERN T TAE.

(V) MR FlBowtie2 4k (4 K DAP-
Seqilll FF 3 K e X 2 EkB73 5 H4H(B73 RefGen
V3L BRIEFIFIMACS  2.0M e 02k Xt 5% R
GFPIT & M. 0245 & &R HIG VAT v #l4k 43
H FFIMEME-ChIPEK 443 HrO 247 5 (8] 5 HEmo-
tif. F/T]agriGO database v1.27E44M TGOS

2 44

2.1 JET-DAP-SeqiR HO245 A s

N T REIO27E Tk A 4 B Y IR A, 3.
IR HCE N 15 AR BT3 K IEFLDNAZEFTDAP-Seqs>
Br, R EPNEE, K224 DNA(gDNA)TTHT
{HRDNASE H X AE250 bp(1411(a)). SRR KRR A &gt
B % DAP-Seq gDNASCEE. FIFH & IREIL R G 02
4K ORFIFFNIATHIL, LLGFPIkAE R BATENS A, #f
gDNASCEMA 502 AWM E G, 102455 DNAK
B, IEHIPCRE Y9 ¥4 A5 I A% 5], FH1llumina HiSe-
quation 250015 %] [N A FE R 2 7 Be il Ty, 7 AE
BUX K. Western-blotting S 56 36 1iF Halo-tag 2 45 i 2
HFATENL, & IO25E S [N T FIGFPIIRE IE H F ik (&
1(b)).

O245 A DNAFE S = 2822 T AN i, Hid Ay
98.51 %I KM EM B EXKSHILEA; MGFPL;H
DNAFE i 322245 A, A 91.81%E K4
MR FRSH AL K Ede i raTib i s, AR5
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Figure 1 (Color online) The detection of DNA fragmentation and O2 protein expression and the analysis of O2 binding peak distribution: (a) DNA
fragment detection; (b) detection after O2 protein using west-blotting; (c) distribution of O2 peaks in the maize genome based on localization of peak
summits. The gene region is from 5 kb upstream of the transcription start site to 5 kb downstream of the transcription ending site; (d) distribution of O2
peaks in the maize genome based on localization of peak summits. The gene region is from 1 kb upstream of the transcription start site to 1 kb
downstream of the transcription ending site

R AR AEF A TGN 2 535710245 & HUbRFE A

2.2 DAP-Seq%:E 02 BLiZas AV faibr it A

T %32 DAP-Seqill i bR 3L R G A O2 HL %
5T, FEDAP-Seq 5 HI AMGEMB73E 5 F 02548
TRIIRNA-Seqifi 4745 & 400, & IDAP-Seq i 2|
31702 H LS G I 45 A AR EE N, 2601950284
T, STHO24MH(1K12(a), 76S1). S5 i AChIP-Seq# il

FIHAMACS25 420225 B I 5. AT P
AT RN B A R SRy T L TR 2200, 1%
log10(g-value)=5 A I B, A E] 113854~ 1] F L
HYO245 5 XI5, DAP-Seqerill it 16 /3 A1 78 K TR Y (o
b, A 34.06% WA F 3L IR e S0 51 1iES kb
ZHMYIX e, BIEERR B X (] 1(c)). HAMT32.25% v T3
RIS GAA 5 I7ES Kb, 13.02%v T3 PR 3k R s 4k
DT IES kKb, S-AERHREIX /A fe /0 (1.66%). AN

O225 A HURRFEIN, AR ) B 42 0V 7 3 IR Y e SR
WAL BT kbIX IR N, a2 UM O2HUbRIEA,

BRIEAT OB R BE, 47971 DAP-Seqhu il 2 K 5 Fif A &5
R—3K, HZhan% NRILISE AT BFTe 4 A A RS
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2450.54%F135.90%. HoH ik e I [H A 45157 zein
LN, VAR ERIE A cyPPDK1/2, LKR/SDH, NKD2
MbZIP1 755 HH(FS1, E13). M HAb2204~F - 1)
DAP-SeqfF 5Kl 202 B A5 A I BRI S, X H
HRALFR 172402306 ¥R L R Fn48 024 il L H. ik
5L, DAP-Seqfit— & B _LFHrO245 G607 i, IF
XFChIP-SeqZh il T4 M FE.

2.3 DAP-Seq¥:E 0285 MR A B & cis T

g Y TE 0245 A A A i cisoo i, 3170021
PR A IR LR BT X6 7 e i) F200 bp e 41
G, FFFHMEME-ChIPE 21 Fmotif s 22 50#r. 453
Rt 3 B motif P 41 J&“Y GCCACGTCAB”(E-
value=1.3xe™), %HFH“CCACGTCA” 5 Hi AHH
0245 &reisTeF o1 —3™. N T B B 021 3L A
H EE5E W cisoofd, [RIREHE2201DAP-Seq 54
FI 0245 A I FE L P41, IF U TMEME-ChIP43
Br, ZILDAP-SeqfiF45A MM M EES] “SYGC-
CACGTCR” 3L (E-value=7.6xe )& 4(b)). Z%HSF
FRES AT A RIEA“CACGTCA” RS, I HMES
Tl DU HZmotif& A T 4 AT i) v X ek i 2 i 4
(P=1.4xe")(El4(c)). ¥34b, LA100 bphybinHT T DAP-
Seq /il 1] (1 O2 FHE T 5L X X Ik e 43 A I B H, 285
RERO2FEENEE B FREGA L FiF-250~
+200 bpFL [FI2H X I ([Kl4(a)). 1% —25 5 51T AWFIE & L

T

DEGs repressed 02 potential targets DEGs activated
by 02 by DAP-Seq by 02

@)

O245 & 37 15 A6 55 Sl BA A7 45 B 7300 bp X I N —
T AT L, DAP-Seqil % 5 510245 A cisTo it
G540 B 5 ChIP-Seq X i 45—

2.4 DAP-Seq 5 E 025 LGOS BT

H T EIRAM T fRO2FEF AR M 4%, XTDAP-Seq
Kz B $EHL R £ 47 GO(Gene  ontology) & #4341 (¢<
0.05). Z5HREIR, 260702 BTG FEH T2 5 5 U2k
SRR (& S): — R S AE MRS 56, A A HLERIt
i #(G0:0006082); A HLFR 4> i AL i B
(GO:0016054); LT FE(GO:0043436); RERACIHTFE
(GO:0019752); FfR RS #(G0:0032787) LU KRR
IR R (GO:0046395). % — A RilR iR 202
WS R 671, i G AETERERL I B o3 ic i A2 bk
R BN eyPPDK1/2. — 2585782 AW
KRR, X—id R EENGOLXHERE,
L2 RGOKH, WiFAILALA DT
FE(GO:1901564). A HLAEAL G W o i A8 i A&
(GO:1901565) FA Uit FE(GO:0009308). a-ZHEAR1T
HHEFE(GO:1901605) a-Z LR /A it #2(GO:
1901606). o-Z LMY G AT FE(GO:1901607) 4l
FIEMRACHHT AR (GO:0006520) . 4 il 5L 1% 45 M4 il
i #(GO:0008652) 4 fifl Z HL 1% 43 fif AL (G O:
0009063) 2 F R IGHERFLIR T FE(GO:0009069)-
2 F R F WA IR W) A (GO:0009070) LA K 43 24 1

DAP-Seq Zhan et al. [7]

Lietal. [8]

Bl 2 (PO IOR (0)O2 B s A5 T L IR 1 Venn . (a) O2 B 4345 45 ¥ HEIH S5 T ADEGs ) Venn[&l™; (b) DAP-Seq !5 ChIP-SeqfillO2 45

IR HEIN 2 4 3L I Y Venn )

Figure 2 (Color online) Venn diagram of O2 directly binding regulatory gene. (a) Venn diagram of numbers of O2-modulated genes and O2-bound

[8]

genes detected by RNA-Seq - and DAP-Seq. The direct binding of O2 regulatory gene to the Venn diagram with the DEGs in Zhan et al.’s study[g]; (b)
the venn diagram of numbers of O2 binding gene detected by DAP-Seq and ChIP-SeqU’S]
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Figure 3 (Color online) Peak of O2 target genes detected by DAP-Seq
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Z 5, 2 EYF R E £GO K Huts
WAL AW AW A S #(GO:1901659) BT AEMI&
B (GO:0016138) L1 KB4 AR i A (GO
0016137). Zfnix — A8 A% Ay 225 DX AT Tl 1R T 3
T TR T 4t 1 55 I (GRMLZM2G 140078 FIGRMZM2G
118462), o~ SR 0 2 k. 1 2 115 3£ Xl (GRMZM2G
085577) ML= ZUBH 1T - REME 1 FLbH S B8 g o 1 56
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K(GRMZM2GO050177)%%. fJa—2 5P Al e 2,
FLFETASGOS% H 43 ) 72 M 13 138 (GO:0050896) F i
M karrikinid F(GO:0080167).  O2%% s T #bR 1L A
AISTEEF AT e 5 FoARMHam A 5, fES 53R
A ¥ 1Y LGL(GRMZM2G312877) 5 Z EEARHHAH X
HGBFI(GRMZM2G011932), VUK 5 T K45 AH%
HFEANF-YBI6(GRMZM2G384528)HINAC111
(GRMZM2G127379)J&H. HAb, %R0 i i & &
LM FUIBERI GO H 2 57 1% 1 (nutrient  reser-
voir activity)(GO:0045735). Ak, i &4 AL
il 15 1 (GO:001649 1) Fl% Z B P (GO:0008483 ) 3541
TIIHEGOAH.

YFDAP-Seqk i 257> 02 T 422 10 1l #0 5 [H 47
GO, AN 27/~ 1 2 5 4R GO %% B ¥ A= Wit
FGOKH, WIFEMALFETFE(G0:0055114), {b2:4)
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Bl 4 (MR 0) 0245 & oL i A= R 2 X IR 371 B 220D AP-Seqi 576 I FULAREE PR BT 8 S A motif. (a) O2%5 & (s i PRI X U535 (b) 2204
DAP-Seq A I BB AL T B2 00 RE )T (o) M35 5 SR A5 PR O2 BB bRde ] Bl (14 57 8 43 A7

Figure 4 (Color online) The analysis of distribution of O2 binding site and enriched motif of genes specifically detected from DAP-Seq O2 binding
cis-elements. (a) O2 binding motif identified by MEME-ChIP in 1-kb flanking sequences around the genic peak summits and the density plot of this
motif around the summits of peaks. (b) The significantly enriched motif sequence of O2 binding sites specifically detected by DAP-Seq. (c) The motif’s
positional distributions around the summits of peaks associated with direct O2 targets

W13 (GO:0042221) Wi J3 £ 36 Wi % (GO:000965 1) A
KB BEMRAIR R (GO:0006970)%5:GO4% H. & 5% 4kik
Bt FRAO2M i f bR I R A 1114, fFEOrphanls4
(GRMZM2G300125). #ithAPGase/NIE K be2
(GRMZM2G068506). S 5 HHEA# 48 B =B R H il
T i S i FE N (GAPDH, GRMZM2G071630)L4 K&
i F A YIRS SE R (GRMZM2G 136158).

SR, O2 B FE a5 FE PR 32 B A AL fift i £
Fzein. 2 5% A AT — A CH, UKS
SiREmeE A TR, 53 AbO2iR RE LR R
FADGEAE LA NS 5 2 A~ i e AR DG 7.

2.5 DAP-SeqrF IO 245 A AL F Dhfig /Bt

KT HE—2 T fEDAP-Seqki il #] 5 ChIP-Seq & &
FO2HEAR L K 5 DAP-Seq i 54 I O 2 8475 3 K L) RE Y
ZE 5%, R EER 0 nl#E 1T GOsr b (El6), KIS
ChIP-SeqE & 881 OFIE S Al F 2 2 5 AR G i
Fh(E6(a)). —I2 5 A PRI A ST R, A A HLIR AR
T FR(G0O:0006082). oxoaidft il FL(GO:0043436)
DL R R IR AR R (GO:0019752). X —Z5 LW it 1
i KA AEcyPPDK 21026 M EH. — RS H5RAES
PRI DG A, AR R (GO:0009308) LA K&
A5 E B A R A M 2 S R A AR
(GO:0009063) a-Z4FEMR I #(GO:1901605). a-
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IR AT FE(GO:1901606) 41t 22 FEmR AR5t
I (GO:0006520) Fla- 2 FE R A= W 5 Wi 72 (GO:
1901607). X—2EWYd #2584 LKD/SDH
P (GRMZM2G181362) 45 & Bk 5 Lt 4w i 56 14
(GRMZM2G 024104) 71 it 2 iR % Ak il 2 B 5L A
(GRMZM2G 053720FIGRMZM2G117956)%. 74
3 E R T IIREGO % H & S zeindk AH 15 57
JE 3% M 2cGO H (nutrient reservoir activity)(GO:
0045735), A7 AL S 14 (GO:001649 1) R K 45
HIEPE(GO:0048037)%%. TEAMFH, 5ChIP-Seqi &
(91~ 0241 ] 5 PR AT Rr I 1) 8 2 5 ZE GO H.. GO
4 2% H U DAP-Seq il ] 5 ChIP-Seq i & 1) 024!
b2k N 322 G RAEBUE M zein, S 52 R
A RS ARHR AR DL S SRR A iR R S )
Z A5 B e

XFDAP-Seq S AGIN 2 17202301 £ A #E4TGO
EAEHEI6(D)), KBRS R A A Y
GO% H 4734~ 5 ChIP-Seq il 3 K 5 £ GO 4% H A
A, Zr A HLRRAC R #5(G0:0006082). A A MRAT
WA (G0:0043436) LA Jz a- & 3 R A0 ) i 72
(GO:1901605). HrhZ5o-Z A Gl B R AT 12
A, WFENAR-OCBRARLE B (GRMZM2G
124353), 3-HEL-2-5 T Wit & 2 5 45 = R A ik
FE(GRMZM2G037614). HIETHlE-CoA R



The enriched GO term of O2 direct target genes
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Figure 5 (Color online) GO analysis of 260 target genes activated by O2 binding

(GRMZM2G702490). Br_EiR34Eid#E5k, DAP-Seq
R AT B4 O 2 ¥ 25 R 18 2 55 Kk v B AR DG AR it
2, L an B CishA1R(G0:0005996). O HELSHRR
(GO:0019318). HHH AW & iE1E(GO:0016138) Hil
H AR T2(G0:0016137) LA KBIAL &Y W14
MIEA(GO:1901659, 0.039). 451912 5 R/ 5
KRR O2RERRIE A, A 5 A7 i 1R Vi S W e 1 1t
B (GRMZM2G 140078 FIGRMZM2G118462)+ o-
TSR W TR A 8 G S 35 PRl (GRMLZM2 08557 7) AL
U T - M UM AL RS g g i 2 [l (GRMZM2G
050177)%%:. F 4k, DAP-SeqhsFA6 i 2 AR 2 N A
1094102401 L R 2 5 ai i 1o AH A 2 7, Horp
HIFENF-YBI6FZmNACII1. 5N 22 R R 5k A4
YA (GO:0044550) AL GO:0019748) 4 %.

DAP-Seq - 5746 I 114810245 & H-4M il il L K 355
5 Z A~ iy a0 e 0 AH G o B, andk2E W (GO
0042221) M i £R 38 M [ (GO:0009651) LA K 35 175 )
A R (GO:0006970). 75 7ME 104 FE R (FLFGb12) 2 ik
Z 55 F A FE(GO:0055114).

M EREERATIE H, DAP-SeqfF #4602 B
FERRRREE B T2 SR8 M6 S AR DL SR
B 2 e ARAt, A 2 S S oG
IRAE L K 22 I i [ AH DG I A

3 e
02578 J 233 A NEFL K B e IR, A 2

S AHLHIE 22, R REHLRIEAHES. b
T BT O2 R T REIT 4TI T R O21E L N 41K

2543



M4 %8B 209F8H He4s F24H
GO0:0008150
biological_process
@)
GO:0044237 G0:0006807
cellular metabolic nitrogen compound
process metabolic process
GO0:1901564
organ nitrogen compound
metabolic process

| /

G0:0044237

organic acid

catabolic process
G0:1901607(0.036)

G0:0046395
carboxylic acid catabolic
process

alpha-amino acid
biosynthetic process

(®)

GO:0008150
biological_process

[ 7

-

G0:00044763(0.0198)
single-organism
cellular process

G0:0044710(0.047)
single-organism
metabolic process

G0:0050896(0.0405)
Response to stimulus

| l

G0:1901657
glycoside compound
biosynthetic process

G0:0044711(0.0459)
single-organism
biosynthetic process

G0:0019748(0.0229) | | GO:004221(0.0229)
i to

GO:0080167(0.047)
response to karrikin

process chemical

===y
N O . o —————

NS

GO:0043436(0.0198) | GO:1901605(0.0229) | GO:0016054(0.0331) | GO:0044282(0.0229) | GO:005996(0.0459) | GO:0016137(0.0337) || GO:1901659(0.0389) || GO:0044550(0.0331) || o oo o G0:0010033(0.047)
oxoacid metabolic alpha-amino acid || organic acid catabolic small molecule monosaccharide || glycoside metabolic || glycoside compound || secondary metabolic \se o walt sponse to
plegEss metabolic process process catabolic process metabolic process | biosynthetic process || biosynthetic process || biosynthetic process response towaler || organic substance
G0:0019318(0.0459) G0:0016138(0.025) GO0:0009414(0.0459)
hexose metabolic glycoside biosynthetic response to water
process process deprivation

Bl 6 (4 BUR (1)DAP-Seqti 0245 Al 2 IGOSMT. (a) 5 ChIP-SeqEE B 0245 A ikt # 3 & 42/ E 2213 TR GO H; (b) DAP-Seq¥

SR BN 0245 F WG AL 1 A A= 2l RGO 4 H

Figure 6 (Color online) The GO analysis for O2 activated targets detected by DAP-Seq. (a) Associated biological process GO of genes overlapped
with ChIP-Seq; (b) associated biological process GO of genes specifically detected by DAP-Seq
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Opaque2 (02) is an important transcription factor regulating maize endosperm development, and mutation of the wild type
02 gene reduces the amount of zein and increases the lysine contents, thereby, leading to development of opaque and
starchy endoplasm commonly referred to as 02 mutant. The opaque and starchy nature of the 02 mutant endosperm renders
the kernels resistance to pests, diseases and mechanical damage caused during transportation besides having high
nutritional quality. O2 regulates the genes involved in various biological functions or processes, including the synthesis and
metabolism of proteins, carbohydrates and lipids. Previous studies have identified O2 target genes regulating different
biological functions. However, the detailed information about the genome-wide analysis of O2 targets genes is insufficient
and needs further investigation. Taking advantage of DNA affinity purification sequencing (DAP-Seq) over Chromatin
Immunoprecipitation sequencing (ChIP-Seq) being a high throughput and easy approach to capturing whole genome
transcription factor and DNA interaction profile, the gene regulatory network of O2 was investigated by coupling with
mRNA abundance analyses. Using DAP-Seq, we detected a total of 11385 O2 binding sites throughout the genome.
Genome-wide comparison of O2 TF showed that DAP-Seq peaks captured significant fractions of ChIP-Seq peaks (35.9%
—50.54%), indicating the potential of DAP-seq to preferentially captures in vitro transcription factor binding sites. By
integrating previously RNA-Seq analysis of wild type (B73) vs 02 mutant endosperm, we identified 317 directly bound
target genes of O2 in this study, correlated with 97 target genes detected by ChIP-Seq and 220 additional target genes
specifically detected by DAP-Seq. Among the direct target genes detected by DAP-Seq, 260 target genes were directly
bound and activated by O2, including 20 zein gene, cyPPDK1/2, NF-YB16 and ZmNAC111; and another 57 target genes
were directly bound and repressed by O2, such as bt2, GAPDH, Orphan 154 etc. To further gain a comprehensive insight
into the functions of the O2-regulated gene network, we performed Gene Ontology (GO) terms significantly enriched
among O2 direct target genes using agriGO tool. The results indicated that O2 mainly regulates genes involved in
endosperm storage product synthesis and accumulation, directly activates genes encoding storage proteins and enzymes
involved in amino acid biosynthesis or metabolism in maize endosperm. Moreover, O2 also regulated genes involved in
carbon partitioning between carbohydrates and proteins in maize endosperm. However, 220 O2 binding target gene
specifically detected by DAP-Seq were also mainly involved in the glucose metabolism pathway and response to various
stresses. To identify cis-regulatory sequences mediating O2 binding, we performed a de novo motif discovery on the O2
binding sites detected by DAP-Seq, using the MEME-ChIP program. We found that the most significant motif containing
“CCACGTCA” sequence, the reported O2 cis motif, was enriched in the 400 bp region centered at the summits of peaks for
317 direct O2 target genes. In addition, the common cis-motif also enriched within 400 bp region centered at the summits of
peaks for 220 specific binding target genes. The motif was shown to be centrally enriched in the analyzed genomic regions.
Taken together, our results provide insight into the complexity of the O2 regulatory network, which validate and
supplement the previous research findings.

Opaque2, transcription factor, DAP-Seq, TF binding site, regulatory network

doi: 10.1360/N972019-00334

2548


https://doi.org/10.1360/N972019-00334

	基于 DAP-Seq方法鉴定玉米胚乳特异表达转录因子O2在全基因组水平上的结合位点
	1�� 材料与方法
	1.1�� 材料
	1.2�� 方法

	2�� 结果
	2.1�� 基于DAP-Seq识别O2结合位点
	2.2�� DAP-Seq鉴定O2直接结合调控靶标基因
	2.3�� DAP-Seq鉴定O2结合位点分布及结合cis元件
	2.4�� DAP-Seq鉴定O2结合靶基因GO分析
	2.5�� DAP-Seq特异检测O2结合靶基因功能分析

	3�� 讨论
	4�� 结论


