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% 3 R 7 5| 4% %5 (prime editing, PE) R 4L R AT sk By LB G 41 7, HM B TPERME EXEE. B
A, HMAWPER G & iE ) B VCR AN B2, EE K R E % R K R A %% % (moloney murine
leukemia virus, M-MLV) By (b 5 F Fl £, Bk, ZBEA THD N H AL #XEN THAIPERAAHUNEAELR
. AR BB ePE2 R G5k ah b, — 7w 5l N T BB B 4548 By 3 42 KBTI (Schizosaccharomyces pombe
Tfl retrotransposon), % & A BYM-MLV(6c 5 #), 7 — 77 T 54 7 76 78 5L 20 4 20} & It 7 #inCas9(Cas9 nick-
ase) % A (K775RF1K918A)(6e K B8 ), 2 T # A M A PE & %i—ePE2-6ce. #F % %M T OsCDC48+ OsALSFOsROCS
EATE W GBEAE, T T ePE2-6ce R R AEMURGHLAFTHM PR ERBERE. L2027, ARk AG4
Hd, 0sCDC48. OSALS$EOSROC5,/\QM B 2 B R 4 ) 4 6.82%- 34.55%F123.72%. AT MARF, X34 K
By 9 58 2 | H122.00% 56.52%H158.00%, DL E 4 Rk WePE2-6ce R A E MGt T W B R S T M. B
— b, Wi ePE2-6ce R4 G E LU E IR RS A, WHE T ePE2-6ce-HA %, H MR T OsROCSHL & Hy A 1 4
MR, GRLTF, ERERGAL T HMET, 5ePE2-6ce % 4k, ePE2-6ce-HA NS B R E 4B T
LOTfEF1.121%, R W& Y5 B4 B 7 3 — 2 HePE2-6ce R R M K. % LTk, KOR Rop¥amA o i %
BETEL R F T AR S, WA KRMEMWPER S b b s kBt 5 o F 42 4 7 Al

Xk AR, 5l ReE, T, BiRAE, FERE

51 34w (prime editing, PE)ZR SN —FhcHT i)
KL e T H, HAMRH L ATE TRETEAR G A
DNAXUGH# KT Z4(DNA double-strand breaks, DSBs)H.Jt
T A DNARLARAR BTG, SR B AR s AT
BN B DNARRS i k. i PE R S th
PESYUY 5 [ FIPE[7] FRNA(PE guide RNA, pegRNA)
PIER T HE . PERWUN 2 2 FH Cas9Y] F fiff(Cas9  nick-

ase, nCas9)FIiJi%H% sEMESI%JE B I B (moloney
murine leukemia virus reverse transcriptase, M-MLV)ZH
RS . pegRNANGLFEHE Y31 (protospacer)

i S RNAH 4 (single guide RNA scaffold, sgRNA scaf-
fold). 5|¥y45E 1 15 (primer binding site, PBS)LL K i
HESERR(RT template, RTT)AEH4r. PEBIAR B AR
FZ, TEpegRNARIGF T, nCas9Y] M2 7E Hbr sk

SRS ISR, BRflve, B2246, 4. Bl 5| A RETA 4SS miiAb AN TR RS S | S 4hbE R ST, Fl2AiE e, 2025, 70: 2558-2569
Hou B B, Chen L K, Lu H W, et al. Establishment of a novel prime editing system by introducing the reverse transcriptase Tfl combined with high-
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DNAFTHYIA. Bfif5, e EEEM-MLV I T,
PBS 5 HARFHNES &I shidi i sk O, WA RTT T[]
W =5 BET S AN, PERG I AL 5
WA R IF R B, ST R RS A, LinZe AP
FICKPEGI ALY, #ar THIYIPPE2(plant prime edi-
tor 2)FIPPE3(plant prime editor 3) &R 4¢, il T #H4PE
F G0 0] DI 5 | A 45 b 2 0 %) 3 5 4 A B /N B BE
DNAMfASERE, HamiEseri k. ME, 24005
AT YIPE R GeitE 4T 1 iF— Ak sy, BUS T
ARV BE (R AR BCR AR T, SR & R R R Rl
BIREE T AR T AP HAT, PERZGC T Z T
Ty, ST IR ERAVN
A 230 ) RO A AN A A A
%[10421.

W SR S PERIUN & 1 A% O ARG 43, HAE
FH 5 R AR R R X A pegRNAFE 51 5 UET DN A
. ), T A0 R DNAME S ALHIKE B 5 DN AL
AEHbRIEF A, NIMSEBURE g, L, Wik
BEPER G k4R % B AR, Hatkd+
AT B0 S RS R AR B =, 32 AR P A 0 I SR il
M-MLV |. ZIfF5EEAM-MLVI#ET THiik, 535
FHTHEYIPERCE. &), BAERM-MLVA- SR PERSE
EEWA S AT LR, EESCRBMK. Anzalone
e N V) e T A 10 5 9 Ak 2 5 (phage-assisted
continuous evolution, PACE)XJ#f 4= BIM-MLV #1742 7]
i, 3T TAAEAYM-MLV(D200N/L603W/T330P/
T306K/W313F), MIi#A. TPE2R S, dnHRrR iS5 i
FERTE. FERh, 205 BT O g g
M-MLV, B8 TRAKIM-MLVS| A, &7 THY
PE2FIPE3Z 4. Zong% NFILiSE A% TR M-
MLV T — Ak, 2:B% T M-MLVARNA R EFH
(RNase H)Z5HJI, FH-AEM-MLV FNSEL AR 2R AK TS
M, #57 TePPEMIePE2 R 4, Kkt T /N&E FIKFE
FEIPES AR, NiZE AP BRI T TRAEM-MLV A —
AHIRAENL FV223A, I AZRAL L T ePPEplus
R, [H/NEPEGEACRIE S 172.86%. Hitk, XM-
MLV B E 3T THIYIPERCR. 4R, HETAIL
b B T T S EM-MLY, %5 B 1 4218
THIYI)HE SR, WALYIPE R G R &5 R 4L
HER:.

FEASRA D, WS AR T A R . Bh
Wrai DL K . A ISR R A T 1428000 1Y

SOFPAN [ 1) 3 7 SR B AE LBl b i il s, R
HAP A 20138055 SRR B0 AS R R BE A g R RCR, H
RORIE T TRMLIM-MLV' L o, Fith 75 B
PARBEURR X5 /0N 0 M A R0 2 ST €1t {420 PE2 1 i
AR, WA PACER A E M#ELTEL, 77248 TRAE R,
WK118R. 1128V, K413EFIS492N%, ffiTf1 5DNAFI
RNAMZE G B%, HAbRA, WP70T. G72V.
M102I. K106R. 1128V, L158Q. F269L. A363V.
K413EMIS492N4E, AIEHETI S5pegRNARYAH HAEH.
FELRA BRI T A 1) E AL 2848 I B T 1 AR AR SE A -
K& TPE6CRS, % FRGHA B R MBI E AN
BHBAKCE. ILAh, 58 A BA X nCas9itAT T [R5k
1k, 45 T TR AINnCas9ZE R (K775RFIK918A), #4#:
TPE6eR%E, HHACFILT T 1.845. HAl, 1240821008
()30 % ST 1 LA e T REAK nCas 9 AE I FL 3l 40 i
HUEA RN, A EAE ) P B AT A TR RNAEOR AR S
T SEREM-MLV () fe & TARIRE M42°C, Tk HE
R BUEAL bR I IR IR . Zouw s N Ede tEdn s
ZH GBS FE B B 4h T3l 24 110 420 C s iR A FR D) 5 M -
MLVIE T, 4550 % SIPERCRIS R B 58T LiRTH
AR TR AN B A AR Y, AR L Sh P A gk A T
DAY, =2 BIRBE R s TR AR R SR AR EE . IR,
B AT 3 L E 2 A S TR AL PRI SR T AT M, R —
ARTFPERCR, H Al AT

25 LRk, AW SUTEALY) = 5 ePE2 R G i JL A
1, BLAMEERE 230 2 A 5 ST A1 2K AE, B
PRI 13057 SR EEM-MLV, J1456 TR AInCas9Z5 4K
(K775RAIK918A), At ePE2-6ce R4, [AIRT, Kk
M ERA IS 2 455, JElePE2-6ce-HAR S, FAEK
v E,— N YIPER S, ARG AT
THYIPE RGN e Sk B 028, W ASKAHYIPE R GE itk —
AR R AL T SR

1 RSk

L1 APK
L1l AR HH

AFE BT A B R K A (Oryza sativa L.)HHUREFRS
VUL AV ANECR
112 W

I ARAT 1 (Agrobacterium  tumefaciens)EHAIOS.
KIGHT #i(Escherichia coli)Dh3a.
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1.13 HEHRERE R

TEAMSE D, W8 T KRINIERR OsCDC48(LO-
C_0s03g05730). OsALS(LOC_0s02g30630)FHIOsROCS
(LOC_0s02g45250)/E R HEHEA, et 1 3R [F] B A
AL Hidh, OsCDC48(+5 G-A) U PATIL R e
#l, OsALS(+1 A-G, +3 G-T, +4 T-C)ft £ LIk
K1, OsROC5(+1-3 insCTT, +3 C-A)YfUF/NFr Bedfi AFI
BRI ).

1.2 Jjik
1.2.1 B % # {KkePE2-6cef #

(1) BRG], ePE2-6ce#t A EAEA Y 5ePE2 &
Gy HERl EAEERY. K ePE2AI I BsrGLtEA T Y] (ePE2/
BsrGI).

(2) TAEALAINCas9Z A (K775R . KOI8AY 1. %
T AR AR S (1), LLePE2 AR, BsrGI-F/
1R-775. 2F-775/2R-918FI3F-918/3R-TF1-RT%:5| 44"
k9 nCas9-m1. nCas9-m2. nCas9-m3 F Ek.

(3) W ERETIY Y. il S AKRErh Rk, Kl
BRI TEl DNAJF I &l KRGS 11k T R
(https://www.vectorbuilder.cn/tool/codon-optimization.
htmD)EATHEAL, SEAEHTL NG A P AR A FRA R AT
54 . LL4F-Tf1-RT/4R-Tf1-RT. 5F-Tfl-RT/5R-
TfI-RT. 6F-Tfl-RT/BsrGI-R%5:5|9)(F% 1) /059 115 %)
Tfl-ml. Tfl-m2. Tfl-m3 5 B&.

4) &M, FKnCas9-ml. nCas9-m2. nCas9-
m3. Tfl-ml. Tfl-m2MTfl-m3%% H Bl LA RJR &

# 1 ePE2-6eceZSHIET|H

Table 1 The primers of ePE2-6¢ce system construction

Eue2dl
A 4

L

r 1
WT 5-GACCAGCCAGCGTCTGGCGCCGG-3'
P 5-GACCAGCCAGCGTCTGGCGCCAG-3'
+5

OsALS [ || D
—1

ﬁE[?ﬁU

r 1
WT 5-GTGCTGCCTATGATCCCAAGTGG-3

P 5-GTGCTGCCTATGATCCCGATCGG-3
+1 +3+4

OsROC5 W
EEF?‘»EU L

r v 1
WT 5-GCGGAGAACGACAGCCGGTCGGG-3

p 5-GCGGAGAACGACAGCCGGCTTTAGGG-3
+1 43

1 LR S5 S BRI OsCDC48. OsALSFIOsROCS
3 IRFE IR s T HE RO TR AL WTHRSREF A 7Y
Fro); PRAAGHER G 791, B R SL RTINS, 2L AR
PAMFH; (07 BERIAESF L

Figure 1 The schematic diagram of target gene structure and editing
position. OsCDC48, OsALS, and OsROCS are three endogenous genes in
rice; green boxes represent the positions of exons; WT represents the
wild-type sequence; P represents the precise edited sequence; orange
arrows indicate the cleavage sites; red letters represent the PAM
sequence; green letters represent the mutation information

4 )5 i E ePE2/BsrGIR VI A I, St KIGFTF i
Dh5aigt {55415 58 ePE2-6ce 444 5 £ Sangerill J7- 5 1IE
AR IERPE.
122 Rk

(1) pegRNABZTT. ARHE AT AL A 257 a5 RS

EIRES F19IFFI(5'—>3) Hiz
BsrGI-F cctctacgagtacttcaccgtgtacaacgagetgaccaaggtgaag
1R-775 gegggagttcegttggeccttetgtgtggtetggtteteg
2F-775 gaagggccaacggaactcccgegagegeatgaagaggate
2R-918 gagetggegegegatgaageeggcecttatcaageteggaa
3F-918 cggcttcatcgegegecagetegtcgagacacgecagate
3R-Tfl-RT gtgtgtttggaagagettatggagecgecagatgagecge
4F-Tf1-RT geggcteatetggeggcetecataagetettccaaacacac fR AP cctil
4R-Tf1-RT cgtctttcacatgtttgacgtgttcgetttcgetetttga
SF-Tf1-RT tcaaagagcgaaagcgaacacgtcaaacatgtgaaagacg
SR-Tf1-RT ttectettcttcttcgggctaatgcettatctggticacga
6F-Tf1-RT tcgtgaaccagataagcattagcccgaagaagaagaggaa
BsrGI-R geecgegggatatcaccactttgtacaagaaagetgggteggege

2560


https://www.vectorbuilder.cn/tool/codon-optimization.html
https://www.vectorbuilder.cn/tool/codon-optimization.html

Z575(% B, F| FPlantPegDesigner [ 3! “(www.plantgen-
omeediting.net) i I 1H#I 5., RTTHIPBS/F41(/12). Nel-
sonZE A E I AE pegRNA 3 5 AR RN A £ ¥ evo-
preQ1 7] Bjj 1k pegRNA RIS, &= PERCE. R4
FO 5, RTTAIPBSS1, FFpegLITM " (https:/pe-
glit.liugroup.us/)i% 11'PBS5evopreQ1 Z [H]A8nt  Linker
¥ 5.

(2) BtnsAEEgmiR B IR, 15, MRPEE2E
P AT S it (R2). 45, HRT. PBS.
Sg2.0FlevopreQ175 | ##li7iE K Ji5 LA Golden Gate bl [
75 % Bsa 1 -HFV2[§Hi Ul 9 ePE2F1ePE2-6ce
FIREIA L. WG, $ERYHALKIGFF R DASa, T
5 A IEAE A R Berd e, I i Sangerill ¥ 6 iE
AR ER . 2R T ePE2-CDC48™ O,
CPEDALS™ AGH3 GTH T-C b b o otl-dins CTT3 C-A
ePE2-6ce-CDC48™ A, ¢PE2-6ce-ALS™ A0 G714 €
FlePE2-6ce-ROCS ™" ™I CA .

123 stk

(1) WAHLUGEFE. IR BR324 T
Mg BB SEM70% L BEEGED min, SR
FH2.5% A 500 M SR IR S BR R T T #4530 min, Bl
TCEK M3 ~5UK. B 75 58 U R ICAE TSR AR |
WK gy, BT ARG b, TR AT 28°C

*2 BRREREMESY

Table 2 The primers of targets construction

OsCDC48 iBF?ﬁU I +1

5 GACCA?CCAGCGTCTGGICGCCGGCGCCGCCGCTGACCC 3
| 1 J

| ‘ |
PBS RT template
A
+5 G-A

OSALS ger? 9| I +1

T
5 GTGCIGCCTATGATCC(E‘\AIG:FGGGGGCGCAITCAAG 3

PéS l llRT te'mplate

G TC
+1AG, +3G-T, +4 T-C

OsROC5 #E7) I +1
A
1 L] 1
5 GCGGe\GAACGACAGCC(::“GTEZGGGAAGCGACCA;TCTCG 3
|
PBS i i RT template
CTT A

+1-3insCTT, +3C-A

Bl 2 pegRNAWIHHI/REE. PAMFIIFRENL (. S Hign T
pegRNAYHILFES . PBSFEFIRIRTTH N AY X . 1R 248 Bk Ky
WO T g i) 7 BN Sk S5 VD BT iR T4k

Figure 2 Schematic illustrations of pegRNA design. For each site, the
PAM used for gRNA design is labeled in red. The region corresponding
to the protospacer, PBS sequence and RT template of the pegRNA is
indicated in the bracket. The expected mutations are shown in blue. The
position of the desired edit was counted from the nick site following the
arrow

FiIR15 d. RIES RIS B A4, FeRs B
PURRARIE SR b, FEAHRIZROE T RIUIE SRS d ik

EIL B 519515 —>3") Hiz
Sg2.0-g++ agagctatgctggaaacagcatagcaagttgaaataaggetagtecgttatcaacttgaaaaagtggeaccgagteg
Sg2.0-g— geaccgactcggtgccactttttcaagttgataacggactagecttatttcaacttgetatgetgtttccageatag

evopreQ1-g++
evopreQl-g—
ALS-g++
ALS-g-
ALS-RP++
ALS-RP—
CDCA48-g++
CDC48-g—
CDC48-RP++
CDC48-RP-
ROCS-g++
ROCS5-g—
ROC5-RP++
ROC5-RP-

tcaactattaattgcctatgatccegatcgggggegeat

TTGACGCGGTTCTATCTAGTTACGCGTTAAACCAACTAGAAA
GGCCTTTCTAGTTGGTTTAACGCGTAACTAGATAGAACCGCG
tgcagtgetgectatgatcecaaggttte
ctctgaaaccttgggatcataggcagcac

gtgcatgegeecccgatcgggatcataggcaattaatag

HbRR AR s Aty e

tgcagaccagccagegtetggegegttte
ctctgaaacgcgecagacgetggetggte
gtgctcageggeggegetggegecagacgetggetetetete
tcaagagagagagccagegtcetggegecagegeegeegetga
tgcagecggagaacgacagecggtegtttc
ctctgaaacgaccggcetgtegttctcege
gtgcatggtcgcettccctacaageggetgtegttcttetetete
tcaagagagagaagaacgacagccgcettgtagggaagegaccat
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KRR R E e AL, T RStk
LS5

() RAFHFLAL. BT 1.2.2Q) AT bk
FFREHAL05, 45 FF /KRR IG5 5 AL B A AT TR A
T

(3) KRR, $1.2.3()iFEF20 dAfd 48 T
oW =R, MAEERIFHERFR, EhEE
20 minJ PR PR Sl BRI, R A o et
MBS, FE RIS S50 T 22°CH G 772 d.

(4) et 23k, 7654 50 mg/Lii# EBA
300 mg/LIRFE H R R NIRRT 23 b, dkseqE
28 CHLIE S T ¥ 328 d, B Rt AT 2H 2R
TR R L E .

(5) FEIENT MRS, Phitl o 8us Ptk
PRl 2 2574 50 mg/Lil 8 Z Bkt I, 7t
WSR3 d, ARG HE 215 WOCIR & PSR, — gt
25 dZidy, Fak s . 30~40 dJ5 E— 0 T/ N,
2B R B ARAS PR AR, BRI F F Tkl
PRARFROR LS.

124 BG4

TERATHE ARG A s s e b, B
R RERIC 0 d. e, 7E28°CHYTEAR L #H173 diy
RGN, WA A SR B A SR R L,
FEAEAH TR A SRS A 0F P AkSels 2 f]. FEibity, St
T R AL P, R AR TR 42°C R B IR A o A 5 2
ZIEAT2 A AL B, SR JE K HAE RS [0 Z234°C Y R
W ka2 . X e R, A
HAHFRAAH S RS, Bk, T iE—
R TR AL AGRAFT AR, dERr 5 Z mid
WAHRI R 35 5 (Z W1.2.3(5)). MRS T A AR B

[E&28°C 15523

HECH B, SR T TR AR SRR 0 5 (K13).
125 HENEER

(1) DNAFZH. FIF 7S b dk = LRI E (cetyl-
trimethylammonium bromide, CTAB)¥: Xt Fr #RA5-H 1 A
ViZHZUR T #EFTDNASREY. BT &
e, TAARER TFIIA300 pL 2% CTABJS#FATHFEE AL
H; ARG, BHR AP 65°CHOMLA T 240530 min. £574
HIUS, IMA100 pLA A5 7253 A LA12000 r/minff
B8 min, /NCGIE100 uL i 5300 pLIE/K 2
FRAE, ZIFAE-20°CHAF FUITEL0 min. AR LA
12000 r/minff s 2508 min, #Js B, KUY
BT FT, &5, MAS0 uL dd H,O%Ff#DNA.

(2) AR KeSangerill 75 [ Hyicit. AR AL
MEERE B, R 35 19, R TR geiE 2
AR, W, Rt —ARF R 1T, 524519
B 2 1) AR SZ ] 4 5 i o3 S s N4k R 91 (IE )2 57-ggagt-
gagtacggtgtgc-3'FI []: 5'-gagttggatgctggatgg-3"), LIfH
PEAT B — AR P AT (3).

(3) HARGAEDNAY LT, LA1.2.5(1)$REUT
DNA KA, FIH1.2.5Q) 5 RS PE5 [P TPCR
Py Y RN SERE, A 1Y R EE AL F kR
KM PCRY B4 =Wy (W) IR PE. — 7T, & ARy =)
6 B % T K& 0 = i R AR 3 B 5 Hi-TOM
(high-throughput tracking of mutations)i#47 At "7,
BARBAEE TS S Z HI-TOMYE & QP IC A R, W
ik Mhttp://www.hi-tom.net/Hi-TOM_protocol.png. 7£Hi-
TOM -5, A4 A 2L I 7 B s ao i B E 1
0.01%, HFAAHIZHLURE S I TR 450,000  reads,
TR A Iy e 2ok U8 B 1 F5%, BT AR
i PRI R B 5000 reads. 75— AT, CBERS HESR B

34°C 1&72F

Y BB e e 42°C2h
OO —

T BER
1rvod

-l
i iy

To 181K

B 3 @A SRR BRI R, AN RN, RN T A AR SR R T R AR AR, JF R RR T Tk

it e

Figure 3 The schematic diagram of high-temperature treatment for callus. In the culture dish, callus is represented in brown. The emphasis is on the
high-temperature treatment during callus culture, with a simplified representation of T, plant differentiation process
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F3 WEsIw
Table 3 The primers of sequencing
AL ElL/E SIMFSI('—3) Hi&
OSALS OsCDC48-HF ggagtgagtacggtgtgcgacccteattgetagagetg
s.
0OsCDC48-HR gagttggatgctggatggatgattgatggtgcattett
OsALS-HF ggagtgagtacggtgtgcgetegagactccagggecatac .
OsROCS A
OsALS-HR gagttggatgetggatggggtgctttgccaacatacagat
OsROCS5-HF agtgagtacggtgtgctggegetggttctagegeggge
0sCDC48 ggagtgagtacggigtgetggegetggtictagegegggl
OsROCS5-HR gagttggatgcetggatggcttectettgegggagttgctg
0OsCDC48-SF atacgccatcagagagaaca
OsALS £ sagas
0OsCDC48-SR tcaacaagttccagecttge
OsALS-SF ttgatggggatggtagettc .
OsROCS Sangerill 7
OsALS-SR gtacttctatgcaatagctce
OsROCS5-SF tagatccaaggaagagga
0sCDC48 ggtag ggaagagg
OsROCS5-SR tcaagttctggttccagaat

T ARPCRY B P2y 47 Sangerl] [, KEHI-TOMZK
15 ARG TR i LR B
1.2.6  #AE AT

HREHI-TOM- £ 10 J3 25 S 38 A Al 7 5 21
GUMT AR P AORE MR AR ROCR . A5 4L SRS g i 5k
SR= (K I 3 ) KS ME S BB reads B/ B P reads
H0x100%. TR T2 B AR =R A R W2 B0 A
R/ FE DY B PE R B0 < 100% 7. F H GraphPad
Prism 8.0. 13K {FE7 7t R AL M R ZRHil1E. Sangerill 7
U 5] 38 33 Chromas#xk A4 23tfr 345

2 RSP

2.1 ePE2-6¢cefllePE2-6ce-H &R T

ePE2 RS0 /& AL 56 = IF & 1Y R AU I PE R 4%,
RE % S B ) 5 PR AR [7) 2 780 2K 700 1 e ROk Wi . 3%
RG22 A BRI B T A2k pegRNAFIPE
M EM. TR pegRNAML S HUT 5. sgRNA.
RTT. PBSHlevopreQl fiMM#K5r, HH35S-CmYLCV-U6)3
i1 8. PERUN & M HinCas9. NCHIM-MLV
RT-ARNase H=#400l, HZmUbi)H 8T #471)0 80
(F4(a)). Horr, Wif%EfEM-MLV RT-ARNase HJZAE T
FEALBIM-MLVIERE L RNAK #R B H(RNase  H)%%
Fads, MATBESE T HIG M, WE T TPER GudmHal
IO SERTRITT SR, S R SR TS
(P70T. G72V. S87G. M102I. K106R. KI118R.
1128V, L158Q. S188K. 1260L. F269L. R288Q.

S297Q. A363V. K413EHIS492N)/FHIPEZR i (6¢)
HInCas9H 254 (K 775R HIK918A )/ I PE £ 55 (6e)1E
IFL AR b A E R R PRk, ASWESE
TEePE2 R G SER b, BB RI A YR Y 10 5 S T £ 1A (A5 |
AIKAE, B4 IM-MLV RT-ARNase H, Jf5|A T
nCasOF AR, FF &k T ePE2-6ce 248, 5 7ETEAL Hitr /K AG
WA HES B RE 1 (K14(b)). Ak, DLEERYBIFSEE & PE,
XM-MLV A5 () PE R Ge kA 738 24 1) o R Ak B ] 345
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Figure 4 The structure diagrams of ePE2-6ce and ePE2-6ce-H systems. (a) ePE2 system; (b) ePE2-6¢ce system; (c) ePE2-6¢ce-H system. 35S,
Cauliflower Mosaic Virus 35S promoter; CmYLCV, Cestrum Yellow Leaf Curling Virus; pegRNA, PE guide RNA, including target sequence, sgRNA,
RTT, PBS, and evopreQ1; HDV, HDV ribozyme; polyT-HSPt, polyT termination sequence; ZmUbi, maize ubiquitin promoter; nCas9, Cas9 nickase; 6e,
nCas9 variant (K775R, K918A); NLS, nuclear localization signal; XTEN: a 48 bplinker; NC, viral nucleocapsid protein; M-MLV RT-ARNase H: M-
MLV reverse transcriptase lacking the ARNase H domain; 6¢, Tfl reverse transcriptase variant; 35s term, 35s terminator
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Figure 5 Comparison of editing efficiency among ePE2-6¢ce and ePE2 systems. (a) Comparison of precise editing efficiency in resistant callus. Twelve
independent callus were tested at each site as 12 biological replicates (n=12). Data are shown as mean+SD (n=12). Asterisks indicate statistically
significant differences compared with ePE2-6ce system: **, P<0.01; ***, P<0.001 (Student’s ¢-test). (b) Comparison of precise editing efficiency in T,
plants. The numbers in parentheses represent the percentage of precisely edited plants among the total transformed plants. The x-axis represents the two
different systems, while the y-axis represents the precise editing efficiency. Different sites are represented by different colors
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Figure 6 Sanger sequencing validation of precise editing types in T,
plants. (a) Sanger sequencing chromatogram of the OsCDC4S site. (b)
Sanger sequencing chromatogram of the OsALS site. (c) Sanger
sequencing chromatogram at the OsROCS site. The yellow arrows
indicate the position of mutation peaks. The green letters represent the
mutated bases. The red letters represent the PAM sequences. The blue
arrows indicate the sequencing direction
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Figure 7 Comparison of editing efficiency between the ePE2-6¢ce and ePE2 systems under same high-temperature conditions. (a) Comparison of
precise editing efficiency in resistant callus. Twelve independent callus were tested at each site as 12 biological replicates (#=12). Data are shown as
mean+SD (n=12). Asterisks indicate statistically significant differences between normal and high-temperature conditions: *, P<0.05, ***, P<0.001
(Student’s t-test). (b) Comparison of precise editing efficiency in T, plants. The numbers in parentheses represent the percentage of precisely edited
plants among the total transformed plants. -H represents editing efficiency under high-temperature treatment conditions
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Establishment of a novel prime editing system by introducing
the reverse transcriptase Tfl combined with high-temperature
treatment in rice
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Reverse transcriptase is a vital component of the prime editing (PE) system and responsible for converting RNA templates
carrying mutational information into DNA, thereby achieving precise editing of target genes. In plants, the PE system has
demonstrated powerful precision editing capabilities; however, there are relatively limited resources for effective reverse
transcriptases, with current reliance primarily on the optimization and application of Moloney murine leukemia virus
reverse transcriptase (M-MLV). The aim of this study was to enhance the performance of the plant PE system by
introducing novel reverse transcriptases based on the highly efficient plant ePE2 system. First, the reverse transcriptase Tfl
(from the Schizosaccharomyces pombe Tf1 retrotransposon) has demonstrated high stability and efficiency after phage-
assisted evolution in mammalian cells, suggesting that it may possess high reverse transcription capabilities. Therefore, we
replaced the original M-MLYV reverse transcriptase with the Tfl reverse transcriptase after rice codon optimization; this
strategy is referred to as 6¢. Second, a nCas9 variant (K775R and K918A) has shown a role in stabilizing the R-loop and
mediating conformational changes in the HNH domain upon DNA binding, significantly enhancing editing efficiency in
mammalian cells. Thus, we introduced the same two-point mutations, K775R and K918A, into the ePE2 system; this
strategy is referred to as 6e. Finally, the 6¢ and 6e strategies were combined to develop the novel ePE2-6¢ce system. For
validating the feasibility and efficiency of the newly constructed ePE2-6ce system, we selected three specific targets,
OsCDC48, OsALS, and OsROCS, in the rice genome for verification. These three sites represent different editing types and
can comprehensively evaluate the editing capability of the ePE2-6ce system. The experimental results demonstrated that in
the resistant callus, the ePE2-6¢ce system achieved editing efficiencies of 6.82%, 34.55%, and 23.72% for the OsCDC48,
OsALS, and OsROCS sites, respectively, whereas in the regenerated T, generation plants, the corresponding editing
efficiencies were 22.00%, 56.52%, and 58.00%. These data demonstrate the powerful precision editing capability of the
ePE2-6ce system. Remarkably, appropriate high-temperature treatment during the callus screening stage can improve the
activity of the reverse transcriptase. Therefore, we verified the effect of high-temperature treatment on the editing
efficiency of the ePE2-6¢ce system. The results demonstrated that when combined with high-temperature treatment, the
editing efficiency of the OsROC? site increased by 1.97- and 1.12-fold in the callus and T, generation plants, respectively.
This result provides novel insights into further improving the editing efficiency of the ePE2-6ce system through
environmental factors. To summarize, we successfully applied the novel reverse transcriptase Tfl to precise gene editing in
rice, expanding the selection range of reverse transcriptases in plant PE systems. The ePE2-6ce system provides a powerful
new tool for crop genetic improvement and functional genomics research, while also laying an important foundation for the
optimization and application of reverse transcriptases in future plant PE systems.

rice, prime editing, Tfl, high-temperature treatment, editing efficiency
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