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Tno¥: BEEgRL & E B AECUT& Tag L1 PRI L BTN

X BF, ME, REE, KR, ESW, %
PR G R 2R, ARG R 5 40 T TS0, N A R 5 TR 490 %,
S A BALGURT B S04, T 510008

WE TnSE—MMEFEET . 2ECENTNSR SR YIRIDNA, RN &S R E W75, B2 M T & E
AR E S FER . CUT&Tag (Cleavage Under Target & Tagmentation)j& —Fh Btk (A 55 25 11 5t 5 DNAELAE IIHR,
B EEM . (Z0E L M R AR . %3 AR ApA (Protein A)EipG (Protein G)5TnSH A & E H, EMTHE
P (AT IRA B AR E), RIFATNSRRE, 76 H Az s M 3T Wi DNARI R 51 N 7%k, b5 1REDNA, FHitiTPCRY”
HEHI AT SRAS I P SO o BN RIZR B iR S pAskpGIIE R 1A R, BRI FR 1 738 4 LR ECUT&TagB R IR H . 5w
MRiX— /R, ZICHE T pG S Tns Rl & B AR IA F A, Wit A% RIE KR4l 007 K3k pG-TnsEAHEH; FHLIRNA
REHE (Pol )E:FIEH APl I Ser5P (/N RIgG1 B Hi A A fulgGHIFA) i, 7MY T (Arabidopsis thaliana)
HFIE i pA-TN5 5 pG-TnSTEA [F B B BT i (I CUT&Tagill /5> SC FE M A I AR . 45 R, 19G1 2B ik 5 pG-Tn5IKsE Al ) 58
o, RN SCEE R B AE, T IgGTY LA S 2RISR AN I A Y, AR, BARAR M B IR YR B BE RIS B AR, TEH
T CUT&TaghI R L4 . ZBFF ik T CUT&TaghiAR, m A fE4:CUT&Tag L3 H &5t AN RIFLAR I TnSfl A & B S
ez,

%437 ChIP, CUT&Tag, RNAE &I, Tn5

XRFE, XBR, KKE, H, EHIE, X (2023). TnbH fEEGHLA & H7ECUT&Tag L i MR AL S P4 . HE) 274
58, 602-611.

v I B BOR B R R N AR R A R BK (Picelli et al., 2014), Wi MATAC-seq (4 E 4

AR BB T T BRAT IR R 2 2540 . B[R Rk
AL R (5 BIRE ). W AT SO T
VR34 o7 AR R O B R 3R 2 — AR AR P,
WSO EALFEDNASLRNA B Bl . K&
2P ESkIER. BN REMPCRY 1 %614 2,
RN . T TnbHE R & AW L 1 SCE R
377N B A TR B 5 B B . Tnb& —Fh 4
T, BAE2A LT AR B A3 E 1) oo 4+ 1IS50L
IS50R, F: 71 1S50R J ith 4 I 14 1) % J2 i, Tnb5il it
“BI]-H5 05 (cut-and-paste) ” 197 S AL S )6 o4 1)
Gy, {EVIEIDNAY [F] 5 % 1 0 44 4 N\ SEDNAH
(Lovell et al., 2002). HfAE RATn5M % R R, &
i 2 A TS AT PAis R U1 EIDNA, - [5]  DNAP i
bk, B2 B T e S R

Woke H 9: 2022-04-29; 252 H #1: 2022-09-07

T X %) (Buenrostro et al., 2013; Di et al.,
2020).

et Jif %o % HLYTTE (chromatin immunoprecipita-
tion, ChIP)£ A 2Kl & [ 51 5 DNASS & i S i £
R(EB LN, 2020). 2 F i HE AT LM
ChIP-seq Al PATE 4 J K 46 ¥ [H] P 460 25 115 5 DNA
(R HH EL A FH (Schmidt et al., 2009), {Hi% 5 EfEAERY
SE T E, LA T F R ST IBCRT 4 0 B AE S B TiE
Ik FE A A i T = AE BUBH 1 9 1) /8 (Kharchenko et
al., 2008; Kaya-Okur et al., 2019). Steven Henikoff
S R S 5 201 74E f120194E & % T CUT&RUNFI
CUT&Tag Py i et i A DT BRIt R 4F
¥y 7] 5 5 1 LA K {5 M Lt (Skene and Henikoff, 2017;
Kaya-Okur et al., 2019), FfiJ5th i1 HiAR 474
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[fi 14k (Thakur and Henikoff, 2018; Brahma and
Henikoff, 2019; Meers et al., 2019). 54£4if¥ChIP-
seqfilt, CUT&RUNFICUT&TagE H B EMH. H
— & ChIP-seq s 56 i i B 75 97 b 1) 77 U8 DNA
Bt XFh BRI R 2 A R EE L B W A 2%
PRI R ), S0 T ChIP-seq 1) 5 & ¥ Al {5 1 tb
(Schmidt et al., 2009), fiCUT&RUNFICUT&Tagil
BT 7 SAEDNA J Bedl, BORHbER & 7T E A
P H — J& ChIP-seq ) SZ 536 i 1 v 3-5 K, 1
CUT&RUNFICUT&Tag i tRAX 7 1K Bl ] 58 A 3C
Hy g, SEG I K 4 i (Skene and  Henikoff,
2017; Kaya-Okur et al., 2019). 4, CUT&Tagtt
CUT&RUNF B AT, R A R AT ZE N T
W4k, ndsk rd R AERG V) RS H sk © 48 58 i

CUT&Tag i i 5 M LL A {5 4 11 72 T 1] Fi] Protein
AFITN5RE & 223K (I pA-Tn5, B4 4b B84 i A% (1) Y
ok, R H S AR IR 455 DNAZIAY KL
RN AN B . Protein AfE— ik B 48 (03
EIPRE R EER B, X MR R A, A5 TR
ZYIFiNgGHIFCX 454 (Lindmark et al., 1983). A,
HProtein AFIGGHLIA I SEFIVEAS13 5 H & R I 1)
TSt H 4% 7 B s R a4, [R) BT (10 4 i il v
A LB 45 DNA R BOm s 78 Il i 423k o (HAS [RS8 Y
) %% Bk B 4 5 Protein AFIProtein GHISER 1 A
k2 5 (Dancette et al., 1999). 4, /i (Mus
musculus) & if11gG1 ! #7144 5 Protein A1) 35 F1 /5 %%
55, SProtein GHIZEA JyH s, 1 %l 1 1gGaLhifh
i Protein Afl1Protein GE A1 /7 W AH 2 . A L AE
CUT&TagsLiad, xf T AN [ml Hi i 28 3L 5 24 R A
] il IR R I TS AT S UTE o

AR, CUT&Tagh &) iz M TRt Ho
HEABmYr st . i, FHCUT&TagfE it
(Gossypium  hirsutum) 5 241 2 (4 B 1iiH3K4me 34
BT 2450 H1(Tao et al., 2020). 415 ABMHERN—
PR B, (EREYAE KR B AR 85 1 1
YR BB (M [ SO ZE i, 2014; FHRRES 4%,
2018; % & %%, 2019). AUk, 72 4%+ itk
CUT&TagHi A B A Z N N H . AHF 7t LA AE
Yy 55 7 (Arabidopsis thaliana) iy Sz 56 44 %1, F A
RNAEAEN (Pol 1)) Ser5PHLA (K 5 MR HICTD
Lk K A b 54 22 2 IR 19 TR 4K I RNAZE &5 i1,

/NERIGGT R Gt IgG Y ) kAT CUT&Tag sk Jr, 45 R E
LT P KR 5 pA-TnSFIpG-Tn51)5E 1 J) 2 5, LA
S X 1 S DNASCFE BUR B2, T T8 45 2R W] N Jm ¢
CUT&Tagsk ik F i 2%

1 RS

1.1 #8

#F R 3x Flag-pA-Tn5-FIfIpAG/MNase (Skene and
Henikoff, 2017; Kaya-Okur et al., 2019).

Fk: K% ¥ # (Escherichia coli) i ¥k DH5q,
C3013.

YKL #1174 T+ (Arabidopsis thaliana L.)EH2
LV AE 7S Y (Col-0) . fULRE TP 126 FH 70% £ BE R T
300, FRJE NN IR SR B W (M BE 8 A5 )V B 1040
B, TEW K P45k 5 5 5] Bl T 1/2MS B 77 2
b FEACCIE2R G 2B A h 1 97, BRI
FER22°C, HFIH 167N YR /8 /NI BE I, Yl as
%9150 pmol-m™-s™",

B 51 LA T4 y(HPLC4E{t). Bottom:
5'P-CTGTCTCTTATACACATCT-3', 5"t & f&1fi; 10-
30: 5-TCGTCGGCAGCGTCAGATGTGTATAAGA-
GACAG-3'; 1031: 5-GTCTCGTGGGCTCGGAGAT-
GTGTATAAGAGACAG-3',

PCRY™ 3 5l ¥ e )™ I KR — 3z & i (HPLC 4fi
1£). pAG/MNaseRP-F": 5'-AGATGACCATGATTAC-
GCCAACAACTTATAAATTAGTCATCAACGGG-3;;
pAG/MNaseRP-R": 5-CCACCGAATTCTTTATCGT-
CATCTACGGCTGGCGTCAAC-3'; pA/Tn5RP-F'; 5"-
TGGCGTAATCATGGTCATCT-3"; pA/Tn5RP-R": 5-G-
ATGACGATAAAGAATTCGGTGG-3'.

Puik: Pol Il Ser5P (/MRIgG1AY)i HMBL Life
science (Cat No.MABI0603); Pol Il Ser5P (%lgG#!)
% 5 Abcam (Cat No.ab5131).

BT Gl e 7 W1

1.2 pGITnSTEHFRBE

PA3x Flag-pA-Tn5-FIWE AR, it PCRY &
Tn5H &M Bk (51 %: pA/Tn5RP-F'RipA/
Tn5RP-R’); LApAG/MNaseff NtR, i@itPCRY 14
Protein GH B (5|%): pAG/MNaseRP-F'flpAG/
MNaseRP-R'); H = 4 fig kA7 [7) 5 H 2H K5 pG/Tnb
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£l HMMW

Table 1 Buffer used in this study

Buffer Component Concentration Buffer Component Concentration

HEGX buffer NaCl 0.8 mol-L™ HBC buffer Tris-HCI, pH7.5 20 mmol-L™
Glycerol 10% Sucrose 352 mmol-L™
TritonX-100 0.2% MgCl, 8 mmol-L™’
HEPES-KOH, pH7.2 20 mmol-L™" TritonX-100 0.08%
EDTA 1 mmol-L™" B-mercaptoethanol 8 mmol-L™

Storage buffer NaCl 0.8 mol-L™ Glycerol 20%
Glycerol 10% 10x binding buffer HEPES-KOH, pH8.0 20 mmol-L™"
Tris-HCI, pH7.5 50 mmol-L™ KCl 100 mmol-L™
EDTA 0.2 mmol-L™" CaCl, 10 mmol-L™"
DTT 2 mmol-L™" MnCl, 10 mmol-L™"

Annealing buffer Tris-HCI, pH7.0 5 mmol-L™ Spermidine 5 mmol-L™
EDTA 0.5 mmol-L™" Blocking buffer HEPES-KOH, pH7.5 20 mmol-L™
NaCl 50 mmol-L™’ NaCl 150 mmol-L™

5x Tagmentation buffer TAPS-NaOH, pH8.5 50 mmol-L™" Spermidine 0.5 mmol-L™"
MgCl, 25 mmol-L™ BSA 0.1%

Lysis buffer HEPES-KOH, pH7.2 50 mmol-L™ EDTA 2 mmol-L™"
NaCl 150 mmol-L™"  |Wash buffer HEPES-KOH, pH7.5 20 mmol-L™
EDTA 1 mmol-L™" NaCl 150 mmol-L™
TritonX-100 1% Spermidine 0.5 mmol-L™"
Glycerol 10% BSA 0.1%
B-mercaptoethanol 5 mmol-L™ Pepstatin A 1 pg-mL™
Pepstatin A 1 ug-mL™ Aprotinin 1 pg-mL™
Aprotinin 1 ug-mL™ PMSF 1 mmol-L™"
PMSF 1 mmol-L™ TE buffer Tris-HCI, pH8.0 1 mmol-L™

HBB buffer Tris-HCI, pH7.5 25 mmol-L™’ EDTA 0.1 mmol-L™"
Sucrose 0.44 mol-L™ Dissolution buffer NaCl 300 mmol-L™"
MgCl, 10 mmol-L™’ EDTA 1 mmol-L™"
TritonX-100 0.1%
B-mercaptoethanol 10 mmol-L™

EDTA: Z &V ZE; DTT: Z#iJ5HilE, PMSF: 2% B RAREH; BSA: 4-MiE HH H; TAPS-NaOH: A& AP T pHI =52
FP 3k B I U IR ; HEPES-KOH: HIE AL TipHN 4-7% £ IR 6 LRI

EDTA: Ethylenediaminetetraacetic acid; DTT: 1,4-dithiothreitol; PMSF: Phenylmethanesulfonyl fluoride; BSA: Bovine serum
albumin; TAPS-NaOH: Trimethylhydroxymethyl amino propane sulfonic acid to regulate pH with sodium hydroxide; HEPES-
KOH: 4-hydroxyethyl piperazine ethanesulfonic acid to regulate pH with potassium hydroxide

RIBHAK, Fe XK FF 1 1 ¥k DHS o 377 48 - 3t 1o
FPAEE . SRBUBDRL T #e N PRC3013 ], &) T
—80°CUKAARAF % -

1.3 Tn5. pA-Tn5FMpG-TnSHIEFRIAMREM
ik

FR 4 T & 32 STk FH 0 7 72 (Picelli et al., 2014)it47—
SE VARE . B B IR IR BT LB IR, I
PiE &R, 18°CHE #1012/ i (ODIE 41 M0.6) 5 I A
IPTGif $%&1A. BJEHIHFHEGX buffer & 2Bk, ##

7 A i FE LT R AT SR A a4k, R
inteinV) [ JL T 45 & &5k, 7353k Tn5. pA-Tn5
HMpG-Tn5, AL HENT, T—80°CUKAH H {RA7
%M.

1.4 pA-Tn5FpG-TnSHIEESENIE

Z:25 R 3R SCHR T (1) 77 ¥ (Kaya-Okur et al., 2019),
#1030, 1031F1Bottom OligoH 1B Kk 22 il i, L
JV B 5200 pmol- L i) TAE W . #4200 umol-L™" 1
1030. 1031 oligo’} 5l 5 Bottom oligoZ AR &, 15
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#]1030/Bottom 1 1031/Bottom X 5% £ %, #1030/
BottomFi11031/Bottom25 (AR 4, 351100 pmol-L™
BEHE K. WpA-Tn5FpG-Tn54-10 uL, 4 HmA
0.78 pL 100 pmol-L R &3k, RAIE FiE#H E 1/
i), 22579 2 pA-Tnb/#: 3k B & W FpG-Tn5/#: 3k &
W, W3 pL pA-Tn5/Hk B &Y sipG-Tnbs/H k&
4. 4 uL 5x Tagmentation buffer %50 ng bl B 7+ 3
[HZLIDNA (%), FIdH, 0%k 2 %20 pL, 37°CJ% 530
G382 pL 0.2% SDS LB, 735 Fr Bi4kDNA.
SR FH BN W 458 P2 P, K U % ik K] ZH DNAARE il 17 (1 175 100«

1.5 pA-Tn5FpG-TnSHICUT& Tag

22 LR R SCHR ) 7 7% (Kaya-Okur et al., 2019),
W B AE 1/2MSH5 77 2k o 55 % 2 J] (1) 400 B 7 40 i b B 356
7y, FWEWHE . H30 mL Lysis buffers&2 mLEf
m, TR, UK EERE 10540, F1/Z100 H #11)£200
HUER S IR, UM T4°C. 3 200 xgi&.0220%)
B, KR35, FI1 mL HBB bufferitif 4 itz i,
SRJ54°C. 4 000 xg&.Lo5504r. 2k BiE, F1 mL
HBCZZ Ml &7 UTE, 73 mifdE 50 L, #8J54°C.
6 500 xg. B.057r4%h. Lk BiE, 100 L&
MR E B YIIE . HU10 pL#iEk (BioMag Plus conca-
navalin A-coated beads, Cat No.86057-10), F5x
Binding bufferffifiizk, tRidRS), B TH %L LR E
200, HI5x Binding bufferfiiz2ik, =k EiE. H
10 yL Binding bufferi&iz ik, A iR 4 A% (5
£-T100 pL Binding buffer), #1044 i ik 5
R s G, BETHIR EFE1 48, Lk E
&, B8 n1 mL Blocking buffer, % iE #% 557 %,
LW 3. AL HILF (1200 pL Antibody buffer (1%
Xt P& I Wash buffer), 4°Clig & 2/8 . £k EiE,
F1 mL Wash buffersiitie, 2k Bif, HE2R.
JA200 pL Wash bufferfil10 uyL pA-Tn5/£:3k5E &
YepG-Tnb/4k E &4, TRIERLER 5 RARALE 78508
S)HE DL T = IR A 0 B BCE A T R R R R
SN, BB B EA SRR E B BT mL
Wash bufferyt i, %k B, EEFEEKSKR. A
100 uL Tagmentation buffer, 37°CHE A & 1/} .
fmA4.5 yL 0.5 mol-L”" EDTA. 5.5 uL 10% SDSHI
1 uL 20 mg-mL™"' & FEEK, 55°CI 3045 4R 5
70°CHF 520508, ME AMKAE. AN SCEMA

300 uL CTAB, 65°C/x 3154481, vK L& 1480
500 L& 7R EEPCI (24:25:1, vIVIV)IR &R
HUDNA, FahERE2a%h, =EHE1558, R54°C.
12 000 x g&5.0a 155081 . BU i, n400 yL& i, F30
ERE30F), 4°C. 12 000 xg 054 #h . B3, n+
4y 2 —1RF3 mol-L™ NaAc. 2.5RAF K TE/K 2.
F11.5 uL Glycoblue, J8%].-80°CliFE /b 2/, 4R
JF4°C. 12 000 xgi.015%3 8, bk ik SN CE
I mLUKIERI75% 8%, 18%51J54°C. 12 000 xg &0
50%h, 2B, EENR. TS RT55 8,
MA10-40 pL TE bufferi#fi#DNA. PCRX M A% 5:
50 L, MiFEFF: 72°C340%h, HTFAMFHO, 95°C
30F), FEJE95°C10F), 55°C30F, 72°C40%), 141M1F
R, BRT2°C5%0 8. PCR W H16% JE28 1 5 9 i
Ja B3t T LK, 110 V, 1B, [BIBCAR /N N150-400 bp
FIEER . BB ERRE, 1 A300 uL Dissolution buffer,
FRPEIKIER . TR 7000 xgB5 0553, 22181 Y
W AE B3EWH I ANaAc. TE/K ZEEfIGlycoblue
DURE SO, #eJi 115 uL DEPC H,O% fi#DNA. H
Qubit QuantIT (Invitrogen)ill & SCEEEE, ik
FAY) A Al EilluminaNovaSeq ¥ & 58 B AR o

1.6 E£MERFEST

B4, 181t FastQC 3 4 (http://www.bioinformatics.
babraham.ac.uk/projects/fastqc/) & & Il i i &, I
Hlcutadapt®f4:(Martin, 2011)Z& I FreadsH 4%
L, KR ERGE. BE, HiEIEERRNT
Hreads Kl #1FSTAR (Dobin et al., 2013)LLx} &
W T K ZHTAIRT0, Ok B ME—EEX reads . 24
Ji, HRseQC# 14 (Wang et al., 2012) [fjread_
distribution.py T = 4t i1l reads 1) 43 i ¢4k, #1)
deepTools (Ramirez et al., 2016) H! Jll Freadsft
B Er B BJa, HEEEAE N R IGY
(Thorvaldsdottir et al., 2013)& & K - freads 4>
A .

2 @RS

2.1 pG/TnSFRIEH FRIMIE K PA-Tn5FpG-Tn5
KIS SRIESFMLL

AR AL GEPCRY™ U5 X3R4T 1 5 A TS #fk
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FMpGH B, LA3x Flag-pA-Tn5-FIE it s 1 15 2
Tn5%% eI K B BE, UApAG/MNasefF MR 4718
#32IpG DNAF B, B 5 H A 8 20 1 U7 R Rk
pPG-Tn5H 41 5 A KIpG/Tn5#k A& (K1A), @it — Rl
J¥ (177 SRBeIE B2 R SRS T, BAK G B A Y
SE TS AR, B S N AL T R SN SR IA T e
C3013. 7EfF E & Hifs F R IEpG-TnSHIpA-Tn5fl &
EA, FlHpG-TNSFpA-TNSE A E&H KL T H4s
G T R Ak, 15 2 & A I pA-Tns (B
1B)FIpG-Tn5 (K1C).

2.2 pA-Tn5MpG-Tn5EFSTnSHEAEERE

FAIH I AH B IR BE () pA-Tn5 A1 pG-Tn5 1E 37°C 4 14
XK F(Glycine max)Jk BE 8214 (W82) L [ 41 DNA

A
x Flag-pA-Tn5-Fl) —>»
(1]
+
pAG/MNase > o
B 1 23 456 7 89
kDa
> 180
> 100
70
55
40
35

Bl pG/Tn5&kE MM % pA-Tn5HIpG-Tn5 1l %

(A) FIHPCREFEEARTT A EPpG/Tn5; (B) pA-TnSHFIHJLT BRAARZE 158 A2k (K 8 1-4 0 S0 T 10 2 B R

HATOIE], HEMEEDIESCR, FB L Tn5. pA-Tnb
PL K pG-Tn5 () i 71, R ILpA-Tn5flpG-Tn51 A
AR IEEE 7, I B 5 Tnsxf HEEEE A 2 (1&2), %
B 3K 15 1) 25 40 25 (1 pA-Tn5 M pG-Tn5 AE W F T 5 4

2.3 mESEMFEMAFEMCUT&TaghIM R

I 3145 1) B4 & A pA-TnSApG-Tn5i#k 47 CUT&
TagsLie, fIREEMFZE. PUiRRE. BRIIH K
TEYIRERL B2 3 B A2 SR 21 (£2) . Horp, s2ig
HA-6% 5 /N ERIgG1 AL LR TE Al pA-Tn5 5 pG-Tn57E
BEATCUT&Tagse e (1 2 8 SRIR 471240 X
IgG A HiR A pA-TN5MpG-Tn5 4 #E47CUT&Tag s«
BRI A-6 N T—125 BIHEAT, FRHE

[ Protein A
T s
[ Protein G

[ ] MNase

Ci 23 4 56 7 8 9 kDa

180
130

100
70
55

Yy

40
35

, >

ARAALET A JUT LSS & A Aintein RIpA-TnS & H; WK IE5-8 9 Pl J5 4l BE L i UpA-TNs, > RORAIL RIS H; WKIES: &
AT EFRAE); (C) pG-TnSHFI AL T BRAAR & AISR M AL (KB -5 WAL BT I B AR &9, >R AL BT & [, ikiE6-8ik
Jiu J5 AL LR R I pG-Tnb, PR AL JF I H; WKiE9: B H /T RAriE)

Figure 1 Construction of the pG/Tn5 expression vector and preparation of pA-Tn5 and pG-Tn5

(A) pG/Tn5 was constructed by PCR and homologous recombination; (B) pA-Tn5 was affinity purified by the chitin-binding
domain (lanes 1-4 are the protein mixture before purification, » represents the protein before purification; lanes 5-8 are
pA-Tn5 with high purity after elution, » represents the purified protein; lane 9: Protein molecular weight marker); (C) pG-Tn5
is affinity purified by chitin-binding domain (lanes 1-5 are the protein mixture before purification, » represents the protein
before purification; lanes 6-8 are pG-Tn5 with high purity after elution, » represents the purified protein; lane 9: Protein mo-
lecular weight marker)
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Tn5 pA-Tn5 pG-Tn5
+ - + - + -

4 6 bp

2000
1000

750
- 500

250

B2 pA-Tn5HpG-Tn5HIE f7ill 2

VKiE1: KB F 2 DNA+TNS; JkiE3: K74 Kl 4L DNA+pA-
Tn5; ¥kil5: KERE4DNA+pG-TNn5; ¥kiK2. 4516: K5I
FIZADNA; ¥kiE7: Marker

Figure 2 Evaluation of the activities of pA-Tn5 and pG-Tn5
Lane 1: Soybean genomic DNA+Tn5; Lane 3: Soybean ge-
nomic DNA+pA-Tn5; Lane 5: Soybean genomic DNA+pG-
Tn5; Lanes 2, 4 and 6: Soybean genomic DNA without en-
zyme; Lane 7: Marker

Fz2  SIRAHK
Table 2 Experimental group design

Enzyme Dosage Dosage of

Group type Antibody of Tn5 pla_nt ma-
(Hg)  terial (L)
1 pA-Tn5 Ser5P Mouse IgG1 0.2 150
2 pA-Tn5 Ser5P Mouse IgG1 1 150
3  pG-Tn5 Ser5P Mouse IgG1 0.2 150
4 pG-Tn5 Ser5P Mouse IgG1 1 150
5 pG-Tn5 IgG 0.2 150
6 pG-Tn5 IgG 1 150
7 pA-Tn5 Ser5P Rabbit IgG 0.5 30
8 pA-Tn5 Ser5P Rabbit IgG 1 150
9 pG-Tn5 Ser5P Rabbit IgG 0.5 30
10 pG-Tn5 Ser5P Rabbit IgG 1 150
11 pA-Tn5 IgG 1 150
12 pG-Tn5 IgG 1 150
BEIQG XS o FRATOH I 5 H s HEAT 70 M, H T sk

A I P B R B 25, A 4L e e v K B
U o 52 Bl A e %5k i A5 2 B AT RCEoE &=
4, 0.6.7.10. 8.5, 0.9, 13.6. 1. 11, 0.1/125 M.
AT ot i N BOK BEEAT 0 #r, FIKTTnS
Mg (1 Bt ) R AE 5 IR (BLSERR 214 6. 8A110 941,
K3). SREH, WA BUKELI10 bp 14N HiE
PG, A TnbEE R B R 7 I D) 5 DNAXUR Jie 45 14

PRI Ao

P2 T R IRATE I STARFR A4 I 1 443 5 #0 /g 77
H R 20 TAIR10 Al A 3F A7 EE X, EL XI5 1) 24
deepToolsfF &, 5%|CUT&Tagill ¥ readsE A L
P35 5 4 (E14). g5 EoR, 7E/NRIgG1 AL fifhH,
18 F pG-Tn5 1) 52 56 20 h BE B AG I 31 B 2 1 Pol 11454
5, FESN T HRFEGML LA E; TpA-Tnb
S 5 % IR 411gG I reads 43 A B N ARBL(BI4A) . 45
RE, HELpA-Tn5, pG-Tn551gG1 AL LAk 25 Fl
PEE 5. {ERIQGRIPLIAH, pA-Tn55pG-Tn535 R I
PSR RS, ML IgGHT AEAS I 3 Pol 7E %K L
SAE S, BB B RN RE RIS B 1 RUR
(K4B). iX % HpA-Tn5H1pG-Tn5 5 1gG I 44 [ 515 Al
I, FRRIL, SIRAS5. 6L K11, 121E 4K
PEXTRGANE R B — €S, NPT BT 5
D] X 335 %) G € BRSO TR IR, R I B 25 5 B TnB %%
JE I

i i 2 | CUT& Tag £ 4 78 J X 4H B AN 7] X 35 )
AL, RIS A Y UM [E B o A ke s, B
KEBI G5 VEAE AN T Imts X I (E5).

BE G, FRATRH SR 023GV & 3 R T
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Figure 3 Library insert size
(A) Library insert size in experimental group 4; (B) Library insert size in experimental group 6; (C) Library insert size in ex-
perimental group 8; (D) Library insert size in experimental group 10. Group 4, 6, 8 and 10 are the same as shown in Table 2.
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Figure 4 Average distribution of CUT&Tag signals on genes
(A) Average distribution of CUT&Tag signals on genes of mouse IgG1 antibody; (B) Average distribution of CUT&Tag signals
on genes of rabbit IgG antibody. TSS: Transcription start site; TES: Transcription end site
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Figure 5 Distribution of CUT&Tag signals on chromosome
CDS: Coding sequence; 5'UTR: 5" untranslated region; 3'UTR: 3' untranslated region. TSS and TES are the same as shown in
Figure 4. Group 2, 3, 4, 6, 7, 8, 9 and 10 are the same as shown in Table 2.
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Figure 6 Distribution of CUT&Tag signals on individual genes by IGV
(A) CUT&Tag signal of gene AT4G14880 to AT4G14900; (B) CUT&Tag signals of phosphorus responsive protein gene EXO;
(C) CUT&Tag signals of blue light receptor gene CRY1. From top to bottom, it corresponds to the experimental data of ex-

perimental groups 2—12.

HE @ AT BRI A I CUT&Tag X E
W TV, AEF i SCEE R IR A B 1) [ B B T S I
B, N JE 00T BE i P IR . R R WIRKR 1
CUT&Tag i RIS 7 R A FpA-Tnbx 41 8 1 &
MR PUR AT S L PTTE, 1 {F & Steven Henikoff
8 52 R pA-Tn5 £ T CUT&TagSEga i, N RIE
FLAE s S 1 7 R N — Bt (Kaya-Okur et al., 2019).
KT I RIE T A E A pG-Tnb, i X bk
PA-Tn5F1pG-Tn57E A F /N R IgG 1 B Hi ik Al felgG 2
PR CUT&Tag L FEM i 8%, iE BpG-Tn55
IgG1 By HiA )R FIPEE &, (HpA-Tn5FpG-Tn5 5 4
IgG B B AR 1 52 A1 J1 AR o DRk, BF 9E 3 AR AT
CUT&Tag Sk 5 iy B AR 445 158 F i) ik ik B & & (1 Tnb
A EA. REHATTH F A pA-Tn5HpG-Tn5H)
FOAL = &, AR Z B Eim, AEH T KESCER
o AT TR R T — AN AT HS
I TT %

FEREIRE T, FABLI TG 2R SR L B 7 A 4R
. N, fERRE T, CUT&RUNS A T 7
UM R A 1 IR L 4H 43 b 4 R A8 1 H3K27me 3 ()
/34ii(Zheng and Gehring, 2019). BiJ&, & T 40t
PR AT FICUT&TagH RTEMRAE . V% (Brassica
napus) A & 7K % (Oryza sativa) 1 #H 4k & 57 . 5 sh 40
Jio 45 SR 248, CUT&Tag B A L ChIP-seq s B 11
GG AR /D B AE B I Ri(Tao et al., 2020;
Ouyang et al., 2021). X/EFATHIHF 7T A3 2IE
S2. X 5 S AR CUT&Tag A T 78 a4 v 5
6 20 1 A2 4 25 0 R ) R LB AR B M A Ak, DA xf 2
N 2 IA I A (W2 RS e Fh 7 IR B i 12 )it 74
JIPRRE .

E BN

VR, BB, BREE, RISOE, $F9L (2019). RAE LB
SV ICZ. HEYER 54, 779-785.

RS, E3OE, EZWR (2018). 00 1% 8 2 e vy o v
A E KT, YR 53, 581-593.

FilA, RS (2020). et f GRE L yTiE L ik, Y%

i 55, 475-480.

BRI, ZERAE (2014). MY R 2 MRS S R, Y
4% 49, 729-737.

Brahma S, Henikoff S (2019). RSC-associated subnucleo-
somes define MNase-sensitive promoters in yeast. Mol
Cell 73, 238-249.

Buenrostro JD, Giresi PG, Zaba LC, Chang HY, Green-
leaf WJ (2013). Transposition of native chromatin for fast
and sensitive epigenomic profiling of open chromatin,
DNA-binding proteins and nucleosome position. Nat Me-
thods 10, 1213-1218.

Dancette OP, Taboureau JL, Tournier E, Charcosset C,
Blond P (1999). Purification of immunoglobulins G by
protein A/G affinity membrane chromatography. J Chro-
matogr B: Biomed Sci Appl 723, 61-68.

DiL,FuY, SunYS, LiJ, Liul, Yao JC, Wang GB, Wu YL,
Lao KQ, Lee RW, Zheng GH, Xu J, Oh J, Wang D, Xie
XS, Huang YY, Wang JB (2020). RNA sequencing by
direct tagmentation of RNA/DNA hybrids. Proc Natl Acad
Sci USA 117, 2886-2893.

Dobin A, Davis CA, Schlesinger F, Drenkow J, Zaleski C,
Jha S, Batut P, Chaisson M, Gingeras TR (2013). STAR:
ultrafast universal RNA-seq aligner. Bioinformatics 29,
15-21.

Kaya-Okur HS, Wu SJ, Codomo CA, Pledger ES, Bryson
TD, Henikoff JG, Ahmad K, Henikoff S (2019). CUT&
Tag for efficient epigenomic profiling of small samples and
single cells. Nat Commun 10, 1930.

Kharchenko PV, Tolstorukov MY, Park PJ (2008). Design
and analysis of ChIP-seq experiments for DNA-binding
proteins. Nat Biotechnol 26, 1351-1359.

Lindmark R, Thorén-Tolling K, Sjoquist J (1983). Binding
of immunoglobulins to protein A and immunoglobulin le-
vels in mammalian sera. J Immunol Methods 62, 1-13.

Lovell S, Goryshin 1Y, Reznikoff WR, Rayment | (2002).
Two-metal active site binding of a Tn5 transposase sy-
naptic complex. Nat Struct Biol 9, 278-281.

Martin M (2011). Cutadapt removes adapter sequences
from high-throughput sequencing reads. EMBnet.Journal
17, 10-12.

Meers MP, Bryson TD, Henikoff JG, Henikoff S (2019). Im-
proved CUT&RUN chromatin profiling tools. eLife 8, e46314.

Ouyang WZ, Zhang XW, Peng Y, Zhang Q, Cao ZL, Li GL,
Li XW (2021). Rapid and low-input profiling of histone



X 545 Tnb % FEBGRL & & /8 CUT&Tag SEie b i &P 611

marks in plants using nucleus CUT&Tag. Front Plant Sci
12, 734679.

Picelli S, Bjorklund AK, Reinius B, Sagasser S, Winberg
G, Sandberg R (2014). Tn5 transposase and tagmenta-
tion procedures for massively scaled sequencing projects.
Genome Res 24, 2033-2040.

Ramirez F, Ryan DP, Grining B, Bhardwaj V, Kilpert F,
Richter AS, Heyne S, Dindar F, Manke T (2016).
DeepTools2: a next generation web server for deep-sequen-
cing data analysis. Nucleic Acids Res 44, W160-W165.

Schmidt D, Wilson MD, Spyrou C, Brown GD, Hadfield J,
Odom DT (2009). ChIP-seq: using high-throughput se-
quencing to discover protein-DNA interactions. Methods
48, 240-248.

Skene PJ, Henikoff S (2017). An efficient targeted nuclease
strategy for high-resolution mapping of DNA binding sites.

eLife 6, e21856.

Tao XY, Feng SL, Zhao T, Guan XY (2020). Efficient
chromatin profiling of H3K4me3 modification in cotton
using CUT&Tag. Plant Methods 16, 120.

Thakur J, Henikoff S (2018). Unexpected conformational
variations of the human centromeric chromatin complex.
Genes Dev 32, 20-25.

Thorvaldsdottir H, Robinson JT, Mesirov JP (2013). In-
tegrative Genomics Viewer (IGV): high-performance ge-
nomics data visualization and exploration. Brief Bioinform
14, 178-192.

Wang LG, Wang SQ, Li W (2012). RSeQC: quality control of
RNA-seq experiments. Bioinformatics 28, 2184—-2185.
Zheng XY, Gehring M (2019). Low-input chromatin profiling
in Arabidopsis endosperm using CUT&RUN. Plant Re-

prod 32, 63-75.

Optimization and Evaluation of Tn5 Transposase Fusion
Protein in CUT&Tag
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Guangzhou University, Guangzhou 510006, China

Abstract Tn5 is a bacterial transposon. The engineered Tn5 can efficiently tag DNA while adding the adapter se-
quences. Therefore, it has been widely used in the preparation of high-throughput sequencing libraries. Cleavage Under
Target & Tagmentation (CUT&Tag) is an improved technology for studying the interaction between protein and DNA,
which has the advantages of good repeatability, high signal-to-noise ratio, and easy operation. This technology uses
Protein A (pA) or Protein G (pG) and Tn5 to form a fusion protein, which can locate specific antibodies (the antibody is
used to identify the target protein) and break the DNA near the target site while introducing sequencing adapters. Then,
DNA was extracted, followed by PCR amplification to obtain the sequencing library. However, different types of antibodies
have different affinities for pA and pG, thus limiting the application of CUT&Tag for some antibodies. To overcome this
limitation, the expression vector of pG-Tn5 was constructed by recombination, and pG-Tn5 recombinant protein was ob-
tained by prokaryotic expression and affinity purification. We used RNA polymerase |l (Pol Il)-specific antibodies (Pol Il
Ser5P, mouse IgG1 and rabbit IgG) to compare the efficiency of pA-Tn5 and pG-Tn5 in library preparation of CUT&Tag in
Arabidopsis. The results showed that the IgG1 antibody had higher affinity for pG-Tn5, and the quality of the constructed
library was better when pG-Tn5 was used. The rabbit IgG antibody has comparable affinities to the two enzymes. A lower
starting amount of plant material can be applicable in CUT&Tag. This study provides a reference for the selection of Tn5
fusion proteins against different antibodies in future CUT&Tag experiments.
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