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Abstract: [Objective]l Fragrance is an important trait of rice eating quality. In this study, the fragrance gene Badh2 in
rice was edited using CRISPR/Cas9 technology to create a high-quality aromatic japonica rice line. [Method] Two target
sequences located in the third and fourth exons of Badh2 were selected as target sites for constructing the binary expression
vector pHUE411-Badh2-gRNA. The high-quality japonica rice line Tai 20-29 was used as the transformation material.
[Result] Twenty TO transgenic plants were obtained after transformation. Through propagation, PCR, and sequencing
verification, six homozygous mutants with different base alterations in the third and fourth exons of Badh2 were identified.
Except for a slightly lower seed setting rate and a higher grain number per panicle, the six mutants(bh62, bh64, bh65, bh67,
bh68, and bh74) showed similar agronomic traits such as panicle length, grain length, grain width, and 1000-grain weight
compared with the wild-type Tai 20-29. The mutants showed a significantly lower seed setting rate and a higher grain
number per panicle compared to Tai 20-29. The 2-AP content in brown rice of mutants bh62, bh64, bh65, and the wild type
was determined by GC-MS. The results showed that the 2-AP content in the mutants increased significantly, reaching
24.27,33.89, and 38.96 mg/kg, respectively, which was much higher than that in Tai 20-29. [ Conclusion] We successfully
generated a high-quality aromatic japonica rice line by editing the Badh2 gene using CRISPR/Cas9 technology.
Key words: rice; hygromycin; CRISPR/Cas9; fragrance gene; 2-acetyle-1-pyrroline (2-AP)

B OE: [HEM] &WEKBEZENEWS TR, AHARERRFERSERE 2029 AN S, FIH
CRISPR/Cas9 L ARX HAEKEER Badh2 #ATH4E, VIHIRBEGERMMBLIERS R, [5E] EHEE®RER
Badh2 %5 3+ % 4 4MRF B 2 BT SIESEAL S, MEXUGRIEE IR pHUE411-Badh2-gRNA JE5 N & 20-29 345
BEELNAER . [455] 20 Bk ToAERREI IR, W& E 0o Mt i3k 22 A T ARE# k4l & 5348
¥k, BIE 6 Pk, RRAEES 3. 5 4 BT EFEANRARERMESIL. 6 MEWRIAR bh62.
bh64. bh65. bh67. bh68. bh74 TEREK. Rk, R, THEFHFMETAELG 2020 BA—F, ZLFHMT
R, MREREAHA I, KSR R RIS @S- RS R AR ZE Bk bh62. bh64. bh65 FIREK
RV 2-AP S &, 45 RRUREKT 2-AP S EEE 2029 B ER S, 2 5EF 24.27. 33.89. 38.96 mg/kg-
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#z1 ARSI K PCR 1854

Table 1. Primers used in this study
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pHUE411 [ 1 [a]# 44 pCBC-MT1T2 H g 5 AR K
= QARG S M=y [
1.2 3B AR R E AR

IKFEEFHIEK LOC 050832870 DNA 4:K: 5860
bp, & 15 MMNEF, gwi—AH 503 MR
I 74 . B 5% CRISPR-PLANT ™3k (http:/
www.genome.arizona.edu/crispr/CRISPRsearch.html)
BEATRE 0T, SRBEEE 3. 5 4 ANE IR 2 BURSIE
NEEAT A, FEFIF CRISPR RGEN TOOLS [3ifi(http://
www.rgenome. net/cas-offinder/[ 35 1Ak it #1510 o

ML # AL pHUE411-Badh2-gRNA FJEEK)
Ji%:2% Chen %5131, TR, M@IFHEIAT
Frik 2t A SR A RN . DU TR ) SR
AR EHAL0S, B RITFEEL S 20-29 1)
A H B H A R R R, — L3R5 20 #k To %%
BRI HbrgmiE 750 0 1.

1.3 T REEFEPAMIIER G S RET AL

Fr A To RIS R 4 E RS 1 A H J5 SRR,
FIFEG K CTAB J:4RH DNA, ¥ #iAkbrici &
FEEHATRHIEIRAE . BHME I SRR AR, Ty AR
FlF 3R Rl R T f5, ARSI A R LGRS
WARITE Cas9 Hibk.

BE X BT o8 BRE, W R 51 %) Bad-
IF/IR, 338605 A7 s e A R R Bl e, 5
ARG 20-29 FEATEHORT, FHRALE R k.
WIERY W5 HYG-F/R. 45 5PE54) Bad-IF/IR
AR 1,

14 T, KEREREREHRZMERS T

FIHIRE N 1.7%H) KOH ¥R T AR
R BGASAM . WP HE S B A RUY, i
FE AR R R RSN, RIFH T2 Ak
FERERAZAR ] T VR EE S e 5 . 2024 R IEZR,
T &R RBAREE ARG 20-29 BT &M
FNFFE B 2R A IRl kAR R 4
17, AT 7 Bk, RN, IR BEALE R 5
it 2R
1.5 FWRYIR 2-AP #0755k

¥ Badh2 2593704k BPAE AL G 20-29 IR

ElEVES HMHERFEY (5°-3°)
Name of prime Oligonucleotide sequence (5’-3”)
HYG-F GCGTCTGCTGCTCCATACAA
HYG-R TGACATTGGGGAGTTTAGCG
Bad-IF TAGCCTTCCAGTCTAAATGACA

Bad-IR

CAACTACACCGATAGGCTCTT
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AGACTAGAGACGCTTGATTGIGG 4— 158 bp—» TGCAGATCTTGCAGAATCCTTGG

LRI PAM 741 BETTHERIRINE T

Red letters represent protospacer adjacent motif (PAM) sequence; Black boxes represent exons.

1 Badh2 BERZH9K gRNA BB LA E
Fig. 1. Schematic diagram of Badh2 and target sites
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Fig. 2. Identification result of hygromycin in T1 generation transgenic plants (partial) in the second test
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JLIRIT 22 PRA G RAHE, AFE 6 PP AR, &1
FRRARRIESE 3. 5 4 MR T LA AFIFE R 105
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HEERFA 1. 2 Z[ERAE 180 Mgt 5 41
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Fi s SRR S AR S, BEIER
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FHEL 22 57 B 25 A B . RARR R . RIS R
K. FRHESE 20-29 3R 8. 14805,
Bk bh6s WEH TR, HpiBRy a6 20-29, H
Rk BN B E K. bh62. bh64. bh65. bh67 I
FERURIAON 2, A T A AL 43 )IA B 8 2 A B
25t . RAGKRMGE SLEIEL, MG 20-29 IIT 90%
TREZ 80% LA, ZtREE 4).

6 NRAA, HHE bh62. bh64. bh65 23 A
VBN BRI T BT 50 Mr . bh62+ bh64. bh65 1E
B R 5 B AR IR T 2 (B 5) AL &
20-29 FKBUE BN 55K, I Badh2 K
il 5 RINGABRFER PE AR, SHpA R
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Red lines display protospacer adjacent motif (PAM) sequence. Arrows show the location of mutant bases.
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Fig. 3. Comparison of target sequences between six aromatic mutants and wild type
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Fig. 4. Agronomic traits of six aromatic mutants and wild type
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£20-29 Tai 20-29 bh62
A, FERAE, EBIR=20 cm; B, BAIXFEE, HGBIR=5 cm,

A, Plant comparison, bar=20 cm; B, Panicle comparison, bar=5 cm.

B 5 IR bh62 S5EFERE 20-29 AFHARTRIRBIXTEE
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Fig. 5. Phenotypic comparison during mature stage between the mutant »462 and its wild type Tai 20-29
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LB RN 1 eme B BIFHERME RS 3 1k, **Fx 58 ERME, P<0.01.

Bar=1 cm. Values are shown as mean+SD, n=3. **represents P <0.01 compared with wild type.
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Fig. 6. Rice phenotype (A) and 2-AP content of brown rice (B) in mutants and the wild type
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