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Abstract: [Objective] The creation of herbicide-resistant rice germplasm is essential for breeding new herbicide-
resistant rice varieties. By using CRISPR/Cas9 gene editing technology, the acetyl-CoA carboxylase OsACCI gene was
edited with the sterile line An 9S as the material, and a two-line sterile rice germplasm with herbicide resistance was
created. [Method] By using CRISPR/Cas9 technology, a single-base mutation vector, ePE2-ACC-11879V, was
constructed with acetyl-CoA carboxylase OsACCI as the target gene. With An 9S as the transformation material,
transgenic plants were obtained by Agrobacterium-mediated transformation. The genotypes and phenotypes were
identified by sequencing the mutation sites of transgenic plants, conducting herbicide spraying tests and agronomic traits
analysis. [Result] Twenty-four ACC1 "87°V mutant plants were obtained as confirmed by molecular detection in To
generation; A total of 96 homozygous mutant plants were obtained from 24 lines in the T generation through segregation
and screening, all of which had herbicide resistance. High-throughput sequencing showed that the three tested lines
(NS512, NS513, NS514) contained no exogenous transgenic elements. Furthermore, the survival rate after spraying with
4% haloxyfop-P-methyl was 100%. Compared with the control An 9S, the NS512 line had increased plant height and
wider flag leaf; the NS513 line had increased plant height and longer and wider flag leaf; and the NS514 line had a
narrower flag leaf; the fertility of the three tested lines remained unchanged, and there was no significant difference in the
number of effective panicles per plant and the panicle length. The transgenic safety evaluation indicated that the OsACC1
protein shares no sequence similarity with any known toxic proteins, antinutritional factors or allergens. Therefore, it is
considered safe for human consumption. [Conclusion] Using CRISPR/Cas9 gene editing technology, we obtained
homozygous mutant lines that are resistant to ACCase inhibitor herbicides. These lines are genetically stable, free of
transgenic components, exhibit unaltered fertility, and are safe, providing fundamental materials for herbicide-resistant
breeding in rice.
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Fig. 1. Target site of Os4ACC]I on exon 34
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Table 1. Primers used in this study
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Elk/EZR i NADEIEY) A5
Primer name Forward primer (5°-3°) Reverse primer (5°-3”)
ACC-1 GGACCTTGAAGATGTCCACTCC GCAGGAACATAACTGAGCCACC
T-1 GATATACTTGGATGATGGCA GAGCCTGTGGAAGAAGCTG
T-2 TAGACATGCAATGCTCATTATC ACAGGTAAGAGCTAAGCATC
T-3 GAATTCTGCAGGTCACTGGATT TGACCCACTACCAGGCCCTG
T-4 CGCCACCCTCATCCACCAGTCT CTCCTGAGACATTGGGTACTGC
HITOM ggagtgagtacggtgtecCTGTCATAGCACATAAGATGCA gagttggatgctggatgg TCCAACAGTTCTTCCAGTCACA

A2 SIS 0% 2% 4% 6% 8% 10%UJE
IR R G 2% FE 25 L. & 1 LKA
A 2 mL BRESEN 108 g/L K SO R R 3
M, LRI IS W — S 0 SR A MR A
Ko, ARG Az, —MHE
ST I AS [F) U B B B A A R A7 TS 2 . B PR IE
AR B H SR 00 A0 BE 1) SRR GUE R AT R
PR R 25 R 08 B A HUB 2 BE M Sk St
BT Bk
1.7 RZHRKRSHH

XA AR A 3 MR R SRR, L
. U2 53ERT 2024 4 6 H 7 H. 6 3 18
H. 6 H 25 H. 1. II. TR B ZH AR 6 4 43
AR RBENLER: 3 bk, BUTERT —RIIBUEIR
A THEEW T, & LKL Re)E, ERMsE T
WEAEATRL B . FFAESE A G, X R4 A5 20 1)
REARRACF (] 5 PR ERERE, SbRA REE
K SIS, HREEIH A FRAK
WE B, R, @id SPSS 27.0 /4T bt
IS IR RS0 IRALAR Z IR 7 A B .
1.8 ZEMIFMN
1.8.1 OsACCl1 5 NCBI #& 4. e HRB-THM*%
R A B rb 3t

FIF NCBI 57, LA toxin S5 NoCEEH,
¥ OsACCI 5 CHI#E AMPUE FR B T3 T Hext

1.82 OsACCI it #tk A 412 & F 54

M5 BE & AR A 2 23 f0 t 5t T A 4
(FAO/WHO) LI T TRE T, % 6 5: (R i (1) 7
TE S AT PRAS B, 32 AR X 2 DR SR YR 1 43
M LA K B BT SUARAUPE I LT o B F0K H 1Y
R OsACCl Frémhd it A7 5 5 BA SUsUR 2L
P& JE (http://www.allergenonline.com/) F ) £ %1 i £
JRAEAT LEXF,  DAVTAR H S s .

2 AR50

2.1 T, PAMERKAIFREL

TofXgm#RAERZE Sanger M7, KIA 24 Mo
BRI AR, B 0sACCl #:N 5 34 BT
XA AT 705 H LR OsACCL Frémid it 8 B
HIEE 5635 Attt A Bl G, FEEE 1879 A&
BEPR HH S5 52 SR (Le) RAL AR Z B2 (Val), A2 e bk
BIRAET(BE 2). X 24 BRI 595 H
NS502~NS525.
2.2 T REEERTHRTHIE

To ARIR1FH 24 PRAA MRS , 700 Bk
WOERFTF, 24 MR RILIGRZ) 8000 FiFfT-. & T-
DNA 7Bk, MIX 24 Mk R 3L 138 HRAS
¥ T-DNA JofFitEmR(El 3). #—PFH Hi-Tom
BRI 04 ¥Rl & RAPKER . 94 R4l & 54

Ile PAM

WT GAAGATGGACTTGGTGTGGAGAATATACATGGAAGTGCTGCTATTGCCAGT

MT GAAGATGGACTTGGTGTGGAGAA@ACATGGAAGTGCTGCTATTGCCAGT

Val

B2 ToREEREENK (B7) MWFER

Fig. 2. Sequencing results of To transgenic plants (partial)
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M: brids 1~22: T AR 23: PHMEXT IR 240 BITERTHE .
M, Marker; Lanes 1-22, T, plants; Lane 23, Positive control; Lane 24, Negative control.
3 TiK T-DNA 535 (F5) RUER
Fig. 3. T-DNA isolation (partial) test results of T1 generation
R2 BEARRERAREHNEEE
Table 2. Survival rate after spraying different concentrations of haloxyfop-P-methyl %
R R paiciRear: RIS 2
Concentrations of haloxyfop-P- Survival rate of control group Survival rate of experimental group
methylU 22 9S An 98 NS512 NS513 NS514
100.0 100.0 100.0 100.0
2 0 100.0 100.0 100.0
4 0 100.0 100.0 100.0
6 0 91.6 75.0 79.2
8 0 66.7 87.5 91.6
10 0 333 25.0 79.2

10,2,4,6,8 Fl 10 3 HIFEAE 1 L AKHIIAN 0,2, 4,6,8 Fl 10 mL #7375 0 108 g/L 5 AU PR R R FL i -
v 0,2, 4,6, 8, and 10 refer to the addition of 0, 2, 4, 6, 8, and 10 mL of haloxyfop-P-methyl EC with an active ingredient content of 108 g/L per liter of

water, respectively.

PRFPHE T2 B8 OB Bt b SR 00, 22 1
Wi Emii 1% R R EHIER AL, IFHHEAEA
BRE M
23 HEERBRSEERS
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(K 4).
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F| 100%, BAREABRERE. HF, NS514
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EU I oA B O R 1) A 3 3 A AR KON IR 2%
NS514 ¥k & 7537 K AL HL(0% FF R R /N LT 4234
FRARAT, 4% R R ALHE/NHBERRA G 1~2 FE, 8%
FOR R AN A (B 5)-
25 @WERTHRREMKRS
251 AWSH

DB AR (Z 9S. NS512. NS513. NS514)
RIS 2024 4F 8 H 15 HAA, THHIEAHE
FR(% 9S. NS512. NS513. NS514)H A1 A
2024 £ 8 H 28 HZAA, NIAFHMHEK(ZE 9S.
NS512. NS513. NS514)HhE N 2024 4E 9
H 2 HEA, WIEA 55640 AT 5% =
o XHHRAIANRIG AL F 3 Ak RITENRIETE. T
W, N RINEEAE; B G, XA
IR BB MBI R E, b
BWEE 6). K, HuiEn/EEkmemn 8 Ak

% 9S NI RIR R LB I F LN
110 d. NS512 #k&FItkEA 84.05 cm, P58
M5 BN 1.68 cm, AHECEF AR %2 9S Hk 3G 0
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Fig. 4. Comparison of control group and experimental group NS514 treated with different concentrations of haloxyfop-P-
methyl (field)

0% 4% 8%

5 NS5147E 0%, 4%, 8%FRARRLIETHEKRKRE (FrR=10 cm)
Fig. 5. Growth of NS514 under 0%, 4% and 8% haloxyfop-P-methyl treatments (bar=10 cm)

FER 170 cm, SEFARIA LRSI 18.6%, & Bt .

MR 18.1%, S5 EIN 14.1%. NS514 2.6 ZRE&MIFN

PRSI RN 1.37 om, MHECEFARGIHSEER 26,1 H#&&6. WEKBT 54

K 8.1%. XFTRIGZHPR R, il o MoE it [k B 7RIk B FH NCBI #¥5%E#% OsACC1 5 B 408 2 [ 1
)BT, HRE (A 7-A)FEERE(E 7-B) BRI BUE IR AT (B 8). AR, fE NCBI %4
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Stage |

113
Stage 11

TTTHA
Stage I11

B
After

stubble
cutting

I 1. OIS &R T 2024 £ 6 A 7 H. 18 HA25 A,

The sowing dates for stage I, I1, and III were June 7, 18 and 25, 2024, respectively.

Ee IGH7EIHI. IHA. IIEARBIERNEM BN

Fig. 6. Pollen fertility of the experimental group in the first, second and third stages and after stubble cutting

2 OsACCL RVRMHEE A, RS R EREdEE 19 SABGEEH, 4 MNEMAREARE 8).
A 100 NMEES OsACCL B RN, Hid 75 4 IAh, OsACC1 CfEALG/KFEE M s 12N H ,
TR A MR, 2 AN ACCase #HKE, BAETPHIRAKRLE: K, 0sACCI N4 /KA

®3 TRAGHRARZHR

Table 3. Agronomic traits of T3 homozygous lines

R 2 Y
RELER Co:tJr(‘)\i‘;}ioup Exper:ij:{§ group
Agronomic trait -

‘% 9S An 9S NS512 NS513 NS514
¥k Plant height(cm) 69.65+5.10 84.05+2.47" 82.63+1.59"* 73.30+2.35
il Heading date(d) 70 70 70 70
IR WS Effective panicle number per plant 9.37+1.85 9.75+1.67 10.88+1.13 9.33+0.52
FK Panicle length(cm) 25.00+0.51 23.12+2.28 24.40+0.90 24.62+0.43
G- JF Flag leaf length(cm) 33.52+1.52 34.60+3.74 39.59+1.53** 32.81+3.02
S| M52 % Flag leaf width(cm) 1.49+0.06 1.68+0.08"" 1.70+0.10" 1.37+0.07"

KAE A TR bR ZE R s * 2+ 3 BIR R Z A BT 0.05, 0.01 £10.001 7P
Values are listed as mean + standard deviation; *,** indicate that the difference between the control and experimental groups was significant at 0.05, 0.01

and 0.001 level, respectively.
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= g 2%
; 100 » 4%
i = 6%
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NS512
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NS514

# ARice line

AFRNG FRFRF — bR REANF AL 2 B2 (P<0.05).

Different lowercase letters indicate significant difference among different treatments (P < 0.05).

E7 FRELRERRRAIR RIS TR

Fig. 7. Plant height and grain number per panicle of mutants treated with different concentrations of haloxyfop-P-methyl

G, BARSTPKREX & FE 5 AR .
262 THEMHAT

B LW 0sACCI SAEA] AT
BRI A 8 MU ELEERE ST 35%I1)
MBUEE 9). # B FAO/WHO 5 H B PEA 3K
W, 35 PR 2K 72 A L A sk S 1) ) A o A B D
H 8§ MESAMRE I EURME, S5 EM

SR AEAE 35% LA AL,
OsACC1 AAFAE LB ) i,

S WX A i,

3 Wi

M TG E R, R G dE SR BLUE 1 2
RAEIEIR, RIS AR 4% B AR BR, 52 i | Al

Job Title Protein Sequence Filter Results o] 0/0 A v XL
RID HPRUZKBBO13 Search expires on 10-26 17:05pm Download All v o
Program BLASTP @ Citation v Organism only top 20 will appear \7| exclude
Database o See details v ‘ Type common name, binomial, taxid or group name
+ Add organism
Query ID Icl|Query_8005238
Description unnamed protein product Percent Identity Evalue Query Coverage
Molecule type  amino acid ‘ to ‘ ‘ to ‘ | to ‘
Query Length 2327
. . . . Reset
Other reports Distance tree of resulis Multiple alignment MSA viewer @ m
Graphic Summary Alignments Taxonomy
Sequences producing significant alighments Download ~  Selectcolumns * Show (2]
select all 100 sequences selected GenPept  Graphics Distance tree of results ~ Multiple alignment MSA Viewer
L - Max = Total Query E Per. Acc.
Descn'pucn SCIMNFE Rane Score Score Cover walue Ident | Len Accession
v v v - - v
acetyl-CoA carboxylase 2 [Oryza sativa Japonica Group] Oryza sativa Japonica Group 4836 4836 100% 0.0 100.00% 2327 NP_0014072291
acetyl-CoA carboxylase 2 [Oryza glaberrima] Oryza glaberrima 4816 4816 100% 0.0 99.66% 2327 XP_0521557921
hypothetical protein OsJ_17935 [Oryza sativa Japonica Group] Oryza sativa Japonica Group 4789 4789 100% 0.0 99.36% 2314 EEEG3127.1

E 8 OsACCl1 EZB7 NCBI #52MBEBEFIIREIREMLL LR

Fig. 8. Results of homology comparison between OsACC1 protein and known toxic protein sequence in NCBI
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number of 8mer = 2407 Please cite:

Number of Sequences with at least one 8mer match = o

Scan time: 1.000

80mer Search in progress
1

[2335 of 2335] 0 hits so far

-q -B -m 9i -w 80 -E 0.01 -d 20 C:\Windows\Temp\all66C3. tmp version2236. fasta
FASTA searches a protein or DNA sequence data bank
version 36.3.8g Oct, 2018

V.R. Pearson & D.J. Lipman PNAS (1982) 85:2444-2448

Query: C:\Windows\Temp\all66C3. tmp
1>>>query - 2414 aa

Library: version2236. fasta

558897 residues in 2291 sequences

Statistics: Altschul/Gish params: n0: 2414 Lambda: 0. 158 E: 0.019 H: 0. 100
statistics sampled from 210 (210) to 210 sequences

Algorithm: FASTA (3.8 Nov 2011) [optimized]
Parameters: BL50 matrixz (15:-5), open/ext: -10/-2
ktup: 2, E-join: 1 (0.333), E-opt: 0.2 (0.0917),

!l No sequences with E() < 0.01

2414 residues in 1 query sequences

558897 residues in 2291 library sequences

Scomplib [36.3.8g Oct, 2018]

start: Tue Nov 05 02:15:45 2024 done: Tue Nov 05 02:15:46 2024
Scan time: 1.000 Display time: 0. 000

Function used was FASTA [36.3.8gz Oct, 2018]

width: 16

El9 OsACC1 £ Allergen Online FHIERLER
Fig. 9. Search results of OSACC1 in Allergen Online
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