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W E URAKEFE QRTY Htk#4, KA CRISPR/Cas) £ BB H A, 43t H Badh2 AR % 1 482 -F
Fo 2902 F R, Mt 2 Ned b, BARFEAAR, LHARARS L L EREHRERBCHEETE
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b, CAEZFhERE AT S0 H 300 2 M%K% 57
YR, He, 2-ZE-1-MEmg ik (2-acetyl-1-
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Cas9 FE NGB F AR AN Badh2 WEHHSA R, #
PAFHF SO F MBS A E R 1A 858, AR
W3R T BAH BEWK = R 448 R B-BA & &
F5 7 T RUF]H CRISPR/Cas9 # K Z 4 35 A X} T
KRG K B A& WKFEE [ Badh2 BT 9%, 1E Ta
AIE N AR A e B W7, R E s~ H
BHHFRN =FZAE R Kk CFEFPHR] A CRISPR/
Cas9 & R g B B DL IC & /KR8 H AR s Sop
¥ Badh2 BRI )RR E R, BODIIRMG T 2 BRAA &
TR P AR AR AR o

AT AAEE I E &R QRT9 N2 KL, F
FH CRISPR/Cas9 & [Kl 4 4 43 AR X Badh2 FE A
IEE 1 AEE 2 bRt R e, BAESRTS RA
B AN HIE R R B3 2R E R R REAAR K
Al IRARAAR, SR A BRI A R R E 4
LSRR AL SR

1 RS

1.1 K3a sty

IK TR AE AL SZAR I B AL B SE 2R QRT9,
EZARLR B B K AR B T T IR B R 5K e
FFE T35 R OLR FE8 AR FAR 79 BISEAM
B BAWE 5. BeE e, B3R, ek a2 K
HlRh T R Em AR, BT AR R R R
AL E BTN KR, 2R B MG
JKAEHIEFT Bk FRERI R 52 T 2002 4F4% & 1 B AL
Jis Kby &R ROKR A, 8T A& R
Blo B EERIM BT 2023 E AR AL F = L1
ZE MK, 2024 45 FMAEAETLIE A RO
B AREHIE 7 g B, 42 1B H KRS AR K ZE e
(ARG, AR A v FH ) s 77 v it A K AL

CRISPR/Cas9 i f& % /& pEGCas9Pubi-H 115
AR ER A B AR 27 X D e 1 FE I
1.2 Badh2 ¥B23% 1t & CRISPR/Cas9 Af B & &

W

45 NCBI (National Center for Biotechnology
Information) &[N Badh2 2 FHIE R, THEIK
FEAFWRILR Badh2 (&5 : LOC_0s08g32870)
DNA 751 . 454 CRISPR-GEChttp://skl.scau.edu.cn/)
TELL 53 Wt FR “target Design” #ERTZE Badh2 5 1
M2 4ME TR AL, SRS 1. A
BLAST EEXF 73 i $EAL s, HF BRI 72 IS () 7T R,

WIERA K sgRNA 5 IER M . #iA M R 1K
P Gao S ik AT, RSP BRMEAR IR - 5,
KHEH U6 RIXMERIE AR pEGCas9Pubi-H/U6 E
B, AT 2 R AR R B (PCR) #73.
TE4S 1 % PCR ", FIH 5% U-F 5 OsU6-R LA
J gRNA-R 5 gR-F 73 Al iEATH 15 s i3 N 26 2 & PCR
B, SR A 51205 Pps-R 5 Pgs-L #HTHE— 14
#, 5N 1. BJE, 2 % PCR BRI 1=
YInCUR S, FEER RIS Bsa T FR$IME N DIEED)
E AL S5 1Y pEGCas9Pubi-H AR B4 E, sk
B 22 1) A RIEH AR pEGCas9Pubi-H-Badhzs K
FH 71 3 B 000 7 245 5 7 3 36 UE AR A& 5 ) 22
o, KT R M RIEBAE T NRAT B EHAL05
o RS2 AR R 20 A T A T Al s 3L AR
YIRHEA BR A & 58 R

ATCCCGCAGCGGCAGCTCTTCGTCGCCG GECG AGT GI

.M{\gw\’ﬁm'LWWWM“fNWM;M

1 552 Target 2
Bl 1 i3 A

Fig.1 The target sequence used in the experiment
1.3 EEEMHHIZESEN

FELNE ], RAS R CTAB 7754 To R
FEILDIRE AR B 52 B DNA . 8 H Cas9 1R 1
[R5 514 Cas9 F/R (3R 1) #47 PCR ¥ 8. 4
FE P 1.2%35 B e A FRL VK HEAT T A, L
HR s B SR AR AR B O B D B A, T
RIFA N T TR, HRA T
AT T53%,  DAGR I H A 35 e ik PR R 7 F) B R
1.4 REHBSGHT

A KFEEREER Badh2 J751), £ HFE AL E
BB R R RN P 51 ) Badh2-F/R, FIH] DNA
KA 2xMagic Green Taq SuperMix (TOLOBIo)
Xof DR 9 4 )5 A Badh2 52 TR E RUME 2D 7 31 3k AT




R 233 # SRR,

FIF CRISPR/Cas9 % R 4% Badh2 R i BKFBMR K E 2 QR79 HIFF Ik 59

x1 REFAASIIF

Table 1 The primer sequences used in this test

5| ¥4 FR Primer name

5l#1F %1 (5'-3') Primer sequence

5191 & Purpose

gR-F-T; CAGCGGCAGCTCTTCGTCGCgttttagagctagaaat A
OsU6a-R-T; GCGACGAAGAGCTGCCGCTGCggcagecaagecagea AR
gR-F-T, CAAGTACCTCCGCGCAATCGgttttagagctagaaat EEREN AL
OsU6b-R-T> CGATTGCGCGGAGGTACTTGCaacacaagcggcage EEREN AL
U-F CTCCGTTTTACCTGTGGAATCG BN
gRNA-R CGGAGGAAAATTCCATCCAC AR 22
Pps-R TTCAGAggtctcT accg ACTAGTATGGAATCGGCAGCAAAGG A
Pgs-L AGCGTGggtctcG ctcg ACGCGTATCCATCCACTCCAAGCTC A
SP-L GCGGTGTCATCTATGTTACTAG B 7% PCR Al
SP-R TGCAATAACTTCGTATAGGC B 7% PCR Al
Cas9-F AGATGATCGCCAAGTCCGAGC e S R 8 AR A
Cas9-R CTTGATGATGAGGTCCTTCTTG el SRR B P AR A
Badh2 -F TCCATCTCCGTATCTCTCAC Badh2 B:RY$4. W7
Badh2-R TATGGGGGGCTTATACCGAA Badh2 Ry 34, W7
Badh2-RP-F TTATGGTCTGGCTGGTGCTGT Badh2 K:FK15¢65E & PCR 414
Badh2-RP-R TGCTTGACGCTTAGGTAGTTGT Badh2 K:F15¢%5E & PCR 414
Actin-RP GTACAGTGTCTGGATTGGAGGAT IKFENSHEF Y1
Actin-FP GGGTCCGAAGAATTAGAAGCA IKFENZHL Y1
PCR 3. &3t 1.5%IIE M SR Ik IRUE PCR 7 & &,

WY H 4TI, % PCR P48 2 &K
BRVEMHEARA PR A AT . DU A B 5
2 & QR79 [ Badh2 3 K 7 %) N xf &, FIH
Snapgene A1 DNAMAN £ 5 {4 T B, bl £ a1
A7 HEXF 5 AR AT
1.5 BiERERETFNREIFE ToM TIRHNES

KRR KT 7 ESHCER[14], BB R
T Bk, BRL 4 g KREM BT R BN,
B 5 AR TP N 15~20 mL R FE A 1.7% ) KOH
B B R S B EHARE D, =R (4
25°C) iR 20 min. FTHFEARZE, WS AL%E
N FRIEL [ JLAAR, AW BARE AR AR S
WEEGR, HRT3IRECSEENE, ML
WA “E/F”; HRTIWECERRNAE, W&
WA “AF” o EIERPER TS E TR KL
DL T %% DR By B R (1) AR R AR 2
1.6 Badh2 BEEFKIEKFER GABA FEMNE

K HH Trizol 1751 B A B A S B R 98 45 AR M ik
(R BRI TR PR RNA, 8 S ik &
(Takara) K755 1 &% cDNA, # cDNA AR B
BIENEHUE, BT %6 E & qRT-PCR T &
WRIL K Badh2 (AT RIE K, Actin E AN S5
R, J@ it 2880 A QAR R AR G Rk & . R
WA B — PR B H R (HPLC-MS/MS) A il
3 AT A 2R RN AR A AR R B R GABA (1)

1.7 BRI 2AP SENE

KA ERE — BRI (GC-MS) 40l & &
RV 2AP & &, DL 2,4,6,-=H FLLnE (TMP)
VEN IR WSS A5 RN 35 RR R 3R 1, i
FEROREK, FREL 3 g ROKBE S AN 2] 20 mL T2 il
L, N 3 mL M ATEAL NI TR, RIRT AN
Fr (TMP, MXFEEFE 1.215 g/mL) HE% 1,
= H YA R A (Trace1310/TSQ 9000,
Thermo Scientific) BFEATHEM . S AHGWE B4E G
N TG-SMS (K 30 mxH 4 0.25 mmx i 5
0.25 um) , R i S A 2 B SCHR[25], R T
B B AR L K 5 AR i B S B K P B s e B 4%
i B 77 4 1 B 5 S 5 58
1.8 REFHRATERZHRER

2024 “FE, TEKFERGEIN, 2 A BEA IR R A R
T ARG A RAE BAVE Cas9 BN IRERE, FHRK
bige. Koith, GRS, RSk TRIE. 45
S BORRR R 2R T E R T

1.9 #HiELE
JHIT Microsoft Excel #E4T#04 St i1 F153#7
2 FBR550

2.1 CRISPR/Cas9 FiXH AH#iE
FIF Badh2/badh2 47 i 54519 (Badh2P;-
Pio) DTG K & & QR79 FWRILK Badh2 4K
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FEBIAT e AN b . MRS R (B 2a) B B 1ME 24 EF L& 2 MerEiES (H
N, UBKE & QRT9 HWRE A Badh2 AAFER  2b) o HIX 2 MELT sgRNA Rk G 2 2 ik
A5, J&T WA AEFRIFE SRl . 785 Badh2 %:Aff) pEGCas9Pubi-H-Badh2 b (] 2¢) , FFi@id PCR

T, ST
QR79&%I'F) L CIIC TG I Nuleeoiute GITT
N CoCCgtCtetottoraat gopaaact thaaatgCtat CthoggRaadagoct At COgtgtagt Lagt EORtCACACCE L g A CoECECC Rt R At JgRagItag L OC RaC gt et gt ACa gt aCtaseactat Ctgea gt LIt gRCt LGt EOgRICE tICE TRt oty

T
agtagtatttoataatgttaatat topanaagetat toagtagact ctet thgattgett thopaccaat ayocagatt tocagtgeaacatogogtettat tot toat asaaaaat cyctasageat ttoaagracgoatogttgratoggacasaaatat tasgot gteagatocact topagegagt t

QR7988§) EszseesEeey o {aRC A A RS A A ECTRA PR JtACaaa COoC ConRa ea
(b) #1451 Target 1: CAGCGGCAGCTCTTCGTCGCCGG
5’UTR 3’UTR
Badh2

#1552 Target 2: CAAGTACCTCCGCGCAATCGCGG

(c) (16 385) Sacll Rsr11 (930)
AsiSI (979)

TspMI-Xmal (1355)
Smal (1357)

CaMV 35S promoter (¢enhanced)

(15 435) SspI

1600

N
et
= Cahy, 2
. Poly, N
LB T-DNA repeat’ ' Y(A) Signay

(14 242) Mrel-SgrAl

(13 344) BsiWI

Ncol (3576)
2 PspOMI (3585)

~ Apal (3589)

PEGCas9Pubi-H-Badh2
16 625 bp

BbYCI (5350)

(10 457) Sph1
RB T-DNA repeat
(10 333) Pmel

(9941) BsrGI—____
(9773) Stul* ——
1 Target D

(B2 Target 27—
'gRNA scaffold
(9018) MIul—

(8963) MauBI

NOS terminator Nrul (7807)
Kl (7952)

(a) IR E & QR79 FWIE[K Badh2 K P HISTLLE, NIP: HAWE, CON: J:iHFH], RE; (b)2 AN SLE Badh2 SR LHINE,
XA ETIX, 2R 1AMET, EZAR 24T, AOFFAR AT, WEOF5A PAM F41; (c)Uba JR5)¥ T) 1 U6b
IRBN Ta 2 D RIEEAE pEGCas9Pubi-H-Badh2 44k L (ERE I .

(a) full-length sequence alignment of fragrance gene Badh2 in elite restorer line QR79, NIP: Nipponbare, CON: consensus, the same below; (b)
positions of two target sites on the Badh2 gene. Black regions represent exons (the leftmost one is Exon 1, the second from the left is Exon 2); red
sequences indicate target sequences, and blue sequences denote PAM sequences; (c) assembly order of two expression cassettes (T; driven by U6a
and T2 driven by U6b) on vector pEGCas9Pubi-H-Badh?2.

2 FB{IRTE Badh2 EFE ERIGIE R HAEE
Fig.2 The position of the target site on the Badh?2 gene and the vector construction diagram
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U8 R FIAUE . JUETCIRfE, % sgRNA [
Cas9 RIEFARFEHE 2 R A7 EHAL05 [/ A& 41
B, BRI R S 5 1 A R
22 ToRMAMEEEEMREEREIRT AR
vali
IS RAT AT KRR A3 AT B AR 4k
IR 12 DIUSLIY To AR R RE R . 29 0l SR U
AN FE R R AR I A BL (R4 DNA, AR #
R Cas9 45571 514 Cas9-F/R X} DNA #H17 PCR
PRI AMEIE R . IRIEE IR AR A Y, gy
9 N HLPR N L B IR PH AR AR, B L FRIE E] 75.0%

(B 3a) o JEikErHRE 70 514 Badh2 J-F/R
X} i a2 R 9 ANBH A % B R R Badh2 5 PR A AL
B AHAE Y AT PCR & G AT0 7 43 #r . @i /7 41
XTECARH, 7R 9 NIRRT, A 4 Db
RIETRAE, Rl 119 (BRI 19 M) | J-22
GEN 1T A L J-23 GEA 1AM T) f
J27 GEAN TN T) 5 H 3 MERBCARRE R
AR, Ayl 125 (RN 1 ANBRIE T, Bk 8 AN
) | J26 GEA 2 MBI T A AD F1J-32 Gl
2AMEEE C AT A 5 2 AR RS B R 4l 2%
AR, A J-18 CBRIR 1 ANEEZS) F1J-29 (HE A& 1

(a) M+ -123456789101112

750 bp
500 bp
(b) #MEF1Exon 1
ATG TGA
-:! il i --—bizG—-_G—Lz—c>- il e
=
4 /1 Ta&et 1 PAM Badh?

CAGCGGCAGCTCTTCGTCGC CGG

T, fX4%i*5 T, generation ID FRAY 3BT Genotype analysis

SEAFZA] Mutation type

QR79(WT) CGATCCCGCAGCGGCAGCTCTTCGTCGCCGGCGAGTGGC — J5%74% No mutation
CGATCCCGCAGCGGCAGCTCTTCGTCGCCGGCGAGTGGC
J-19(WT/-19) CGATCCCGCAGCGGCAGCTCTTCGTCGCCGGCGAGTGGC  hiidLfk %k Base deletion
CGATCCCGC————————————— CGGCGAGTGGC 5 97% Heterozygous mutation
J-22(WT/H1) CGATCCCGCAGCGGCAGCTCTTCGTCGCCGGCGAGTGGC — ifiE4fi A\ Base insertion
CGATCCCGCAGCGGCAGCTCTTCGTACGCCGGCGAGTGGC 244 R4F Heterozygous mutation
J-23(WT/+1) CGATCCCGCAGCGGCAGCTCTTCGTCGCCGGCGAGTGGC B34 A\ Base insertion
CGATCCCGCAGCGGCAGCTCTTCGTTCGCCGGCGAGTGGC 2449878 Heterozygous mutation
J-25(+1/-8) CGATCCCGCAGCGGCAGCTCTTCGTTCGCCGGCGAGTGGC  HigiZE i 2k Base deletion
CGATCCCGCAGCGGCAG———————— CGCCGGCGAGTGGC  f#E4H A Base insertion
X444 574F Double heterozygous mutation
J-26(+1/+1) CGATCCCGCCAGCGGCAGCTCTTCGTTCGCCGGCGAGTGGC 4 A\ Base insertion
CGATCCCGCAGCGGCAGCTCTTCGT ACGCCGGCGAGTGGC X7 £ 55%% Double heterozygous mutation
J2T(WT/+1) CGATCCCGCAGCGGCAGCTCTTCGT CGCCGGCGAGTGGC  BifiE4fi A\ Base insertion
CGATCCCGCAGCGGCAGCTCTTCGTTCGCCGGCGAGTGGC 44 R4F Heterozygous mutation
J-29(-21/-21) CGATC——————— e — GCCGGCGAGTGGC Tkt 2k Base deletion
CGATC————————— - GCCGGCGAGTGGC 4487 Homozygous mutation
J-32(+1/+1) CGATCCCGCAGCGGCAGCTCTTCGTCCGCCGGCGAGT GGC B4 A\ Base insertion
CGATCCCGCAGCGGCAGCTCTTCGT ACGCCGGCGAGTGGC XU I £ 554% Double heterozygous mutation
ATG 4Mi 72 Exon 2 TGA

(©
- —

4 )ﬁ—Z—Target 2
— T

PAM Badh2

CAAGTACCTCCGCGCAATCG CGG
TofX% 5 T, generation ID
QR79(WT)

FERH 43 HT Genotype analysis
GTCCGGGCCAAGTACCTCCGCGCAATCGCGGCCAAGGTA
GTCCGGGCCAAGTACCTCCGCGCAATCGCGGCCAAGGTA
GTCCGGGCCAAGTACCTCCGCGCA-TCGCGGCCAAGGTA
GTCCGGGCCAAGTACCTCCGCGCA-TCGCGGCCAAGGTA

J-18(-1/-1)

-HE—E-H—aiE—E-

i -

A Mutation type
Te5€7F No mutation
Jc5E74F No mutation
T FEH 2 Base deletion
4li 42987 Homozygous mutation

(a) Cas9-F/R 5W%} To ARPHMEFE MM ME PCR s 45 1~12 XERAF R} J-180 J-19. J-22. J-23. J-25. J-26. J-27. J-29. J-32. J-[f-1.

J-BA-20 J-B3-3; “4+7 ARIRFIPER I,

7 ARFBIMEXTEE, M 4L 2000 bp DNA marker, F[E. (b)F(c)7 B 9k Bl gmifik & To AQELRRER
ST RIEE AT 2 RRAN T A EFERERESTA, W EFARERR PAM T,

“U7 FORBEE R, BEOIERIRIEE R .

(a) PCR detection of To positive transgenic plants using Cas9-F/R primer pairs; Numbers 1-12 correspond to materials J-18, J-19, J-22, J-23, J-25,
J-26,1-27,1-29,J-32, J-Neg-1, J-Neg-2, J-Neg-3; “+” denotes positive control, “-” denotes negative control, and M represents 2000 bp DNA marker,
the same below. (b) and (c) Mutation pattern analysis at Target 1 and Target 2 of individual To gene-edited lines, respectively; red fonts indicate

“ »

target sequences, blue fonts indicate PAM sequences,

represents base deletions, and bold black fonts represent base substitutions.

3 ToREEFEMERLEERARET XN

Fig.3 Identification of To generation transgenic positive plants and analysis of their mutation types
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RO 18 AMIRE, BE A RUEE 3 ANGRIE, SRk
K21 Mg (B 3b~c) .
23 ik Ti RS Cas9 BRER A &R
RS B W HL G i ik DR 384 1l 4 11 358 R
HBRER, 7 I 2 S To AR 4l A AR I J-18
1 J-29 BRI T, T 2024 H= 5 7R 5L 5L R H A
T SRR, BRI 16 S Fbk.
TR, 722 MR RS, aaldhit 58 AR KH—
) 8 N HARRIRELEL N 4] DNA, FIHZEREF Cas9
5 S 18 51 ) SR 0 AN B AR A R DR AR, AE J-18
PEARBEIEN 8 ¥k, B 1 kAN E Cas9 FMNRFEA;
M7E J-29 ¥R R P HEIE I 8 ¥k, 1 2 FRARE Cas9

(a) M + - 1 2 3 4 5 6 7 8

750 bp
500 bp

(C) R79(WT) ACCACCGCGCCCGCGCCGCAR
QR79-badh2-1 ...... GCGCCCGCGCCE!
QR79-badh2-2 ..................

CON

(%R79 WT) B
QR79-badh2-1
QR79-badh2

CON ctcgatcccegtegegatcggegagatggecacggega

'CCCGCAGCGGCAGCTCTTC

HMEFED (B 4a~b) o BlJE, DAEFAERUVE MR A
TR, KR A FEMRIT R, 0 0% H SR 3 Ak
AN MR B R AR AT TR R A e, S5 R
J-18 Bk R HRILE RN | BRAE Cas9 FMIRKE A PR
ANEAEWE, 129 FRRPIFRIERIN 2 A Cas9
SMNRFE R R MR LA Bk . X 29 BRAR Y 2
WG Cas9 R 2 W B RN I Badh2 J: R BE 55
A7 B DNA F¢ 5347 PCR 84 R0 7 59 47 o 0 P 485
R (B 40) B, 2 BREERAG R, 5 TofRA
— 3, RSN, FH a4 8 QR79-badh2-1
A1 QR79-badh2-2. TEHIAEI, XIX 2 HRHFITELR,
Bk % AE, SRS, Al T — P
M + 1 2 3 4 5 6

7 8

750 bp
500 bp

J-29

aggcagcacagaacagagcactcccteteccaccaccactocacacctgacaccacgegggetgcctecategt categatecat ctecgtateteteaccgaceccaaategeacagetecagetacte

(a) 5 1~8 XTMi J-18 ¥k & (D) 45 1~8 XTI J-29 #k & () Ti A4l & S AR F 54T LI

(a) Number 1-8 correspond to line J-18; (b) Number 1-8 correspond to line J-29; (c) Sequence alignment of homozygous mutant plants in the T:

generation.

4 Cas9-F/R 51493 Ti RERMRIBRR T Cas9 E[E PCR 17
Fig.4 The PCR detection diagram of the Cas9 gene in the T generation gene-edited lines using the Cas9-F/R primer pair

IAREAE, I TR ThREm AR AL 4T
24 T REARTHE Badh2 BEERRIEKFER

GABA &8

N T IFENFEREFRIEH Badh2 1E 5 R G
RIGTHEEREE K FL RNA Bt 2T I RIER, 59
PEHUEF £ Y QR79 FN 4l & SR &k QR79-badh2-1 .
QR79-badh2-2 #HET &8 RNA, FFl i 5 % 2 &
qRT-PCR £ AKX Badh2 5 PR3 47 235 K F 44 6
FRE i 20 b (B 520 19 H, AT B A7 QR79,
RAZRH Badh2 B H I AHN 1K 8 B K. &
H RAL A& QR79-badh2 ¥ KL Badh2 HE R 1) A8 &
HESSZER RNA K PREMEMER. M
HPLC-MS/MS X} GABA & &M% (K 5b)
Bor, BRI GABA &8 EE S T R
(11, R Badh2 FEF KL T IREFRAR R, S5

BADH2 & R AN, {13 AB-ald TGiE#AL
N GABA.
25 HEFEBKEWRYIE 2AP B8

il 7 DR G i R R A SUAY 2-AP IR
%, Wl & AR R Ak QR79-badh2-1. QR79-
badh2-2 5 B £ RURE Bk 1) UK RLRE AR, I H
GC-MS XFEEAH 2AP & &7 T e ' 50 . 1E
st A e, R T TMP R N WARY, RIS T
B REM S GC-MS A ) 2AP AT . A
iR (B 6) R, TEEFAER QR79 LKA RIH,
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CRISPR/Cas9-Mediated Editing of the Badh2 Gene
Improves Aroma in Elite Restorer Line QR79

Wu Qianrong "2, Wu Xian 2, Jiang Xue?, Wang Qian 23,
Gong Yanlong?, Wang Zhongni?, Zhu Susong*, Song Li'
("College of Life Sciences, Guizhou University/Institute of Agro-Bioengineering, Guizhou University/Key Laboratory of
Mountainous Plant Resources Protection and Germplasm Innovation, Ministry of Education, Guiyang 550000, Guizhou,
China; 2Guizhou Rice Research Institute, Guiyang 550000, Guizhou, China; 3Key Laboratory of Crop Gene Resources
and Germplasm Innovation in Karst Mountainous Area, Ministry of Agriculture and Rural Affairs, Guiyang 550000,
Guizhou, China; “Guizhou Crop Germplasm Resources Institute, Guiyang 550000, Guizhou, China)

Abstract In this research, the elite restorer line QR79 was used as the recipient for CRISPR/Cas9-mediated
editing of the badh2 gene, with two targeting sites designed within exon 1 and exon 2. The primary aim was to
obtain homozygous mutant lines characterized by a distinct aroma profile, complete absence of transgenic
elements, and stable inheritance of main agronomic traits. The expression level of the Badh2 gene, the
concentration of 2-acetyl-1-pyrroline (2AP), the content of y-aminobutyric acid (GABA), as well as the key
agronomic traits of both the wild-type and mutant genotypes were systematically quantified and comprehensively
analyzed. The results showed that, compared with the wild type, the expression levels of the Badh2 gene in the
homozygous mutant plants QR79-badh2-1 and QR79- badh2-2 were significantly reduced, the content of 2AP
were significantly increased, while the content of GABA were significantly decreased. At the same time, the
main agronomic traits such as grain length, 1000-grain weight, head rice rate, and the seed-setting rate remained
stable, but the yield components were affected to a certain extent. In conclusion, the genetic improvement of the
aroma characteristics of the high-quality rice restorer line QR79 was successfully achieved through the
CRISPR/Cas9 gene editing technology, which significantly increased the content of the aroma component 2AP,
provided theoretical support and genetic resources for accelerating the research and development of new fragrant
indica rice varieties.

Key words Fragrant rice; Badh2; CRISPR/Cas9; 2-acetyl-1-pyrroline; y-aminobutyric acid
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