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Improvement of Grain Shape and Fragrance by Using CRISPR/Cas9 System

XU Shanbin', ZHENG Hongliangl, LIU Lifeng3, BU Qingyunz, Li Xiufengz’ ", ZOU Detangl’ :

('Key Laboratory of Germplasm Enhancement, Physiology and Ecology of Food Crops in Cold Region, Ministry of Education, Northeast Agricultural
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Abstract: [Objective] CRISPR/Cas9-mediated genome editing has become an important way for molecular breeding in
rice. To promote rice breeding, the non-fragrant japonica rice variety Longjingl1 was used as the test material. This
study aims to edit GS3, GS9 and Badh2 genes for obtaining valuable and stable long-grain fragrant rice materials.
[Method] The target genes GS3, GS9 and BADH?2 were selected to construct the vector pYLCRISPR/ Cas9-GS3/
GS9/Badh2-gRNA by using CRISPR/Cas9 gene editing technology. The Agrobacterium-mediated transformation was
used to transform Longjingl1. Specific mutations were introduced into the GS3, GS9 and Badh2 genes in Longjing 11.
[Result] The grain length of the transgenic free homozygote gs3/gs9/badh2 increased by 26.43% to 27.01%, yield per
plant by 10.82% to 12.11%, 1000-grain weight by 18.34% to 41.36%, rice became fragrant as compared with wild type of
Longjing 11. This study efficiently transformed round-grain rice into long-grain fragrant rice. [ Conclusion] The
homozygous mutant lines featured by stable inheritance and long-grain fragrant quality were obtained by using
CRISPR/Cas9 system. This study provides a convenient and effective way of combining multiple quality traits together,
which could significantly accelerate breeding process from a breeding perspective.
Key words: rice; grain shape; quality breeding; fragrant rice; CRISPR/Cas9

# ZE: [HN] CRISPR/Cas9 FEF B HA O NKBES TEMNEEFE. A TIREKBEMIIRE, A4
AR RURRG SRR 11 ARIEATRL, X GS3. GS9 M Badh2 FENBHAT SR, LUSRAE AR e SR KR &
KFEA R L7 YR F CRISPR/Cas9 £iA, LL GS3. GS9 1 Badh2 JNHEEH , #4 @ FiFRE 4K pYLCRISPR/Cas9-GS3/
GS9/Badh2-gRNA, Wi RFFE N T, £ 11 10 GS3. GS9 Al Badh2 FEWHEIN T EM %2, [4R] T,
RICHE LA K gs3/gs9/badh2 44 TRAE R SEFAE T RS 11 AR LG, B3N 26.43%~27.01%, BbkF= 2190 10.82%~
12.11%, TR E G AN 18.34%~41.36%, FEAKALR, 8ok [ b K A8 AL i b & UK FE - [ 4516 IR A CRISPR/Cas9
HARFR i gL I R K& MG AR, AEEG 2 MBRTEIRIR ML 7 —MI7 (A7, A
BRI T B R AIHE R

KR KFE; KB RREF; AK: CRISPR/Cas9

hESHE: Q755; S511.032 ERFRIRAG: A XEHS: 1001-7216(2020)05-0406-07

IKREE N R BRI —, &R A& B 7 SR ROk, Rl 2k
FEULEWAN O ERRK, KRELREPERE  REMNEK, WSRO L — BARERIOKRE
ZAGIPARN AT RSR R BRI TER,  2~4 ff, KRIAEKE G ZRK A fH 01107

WKESEER: 2020-01-10; fEEaFRULEI HER: 2020-04-16.
BEEWE : FHEF AW A S £ 110 (2018ZX0800102B) 5 [E X & sifff & £ i (2017YFD0100501) ; BT H AR5 4 (i _FI0H ) (C2018065) 5
5 H ARl 3 4 75 4R S R R BT H (31801327): BB BV R T 2 A0 35 H (GA18B101).
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ko ARG RIKRE SR R, EEEL AL
A2 77 B RIER R A, BEGEMES
BREK . JORIREEE S, 13 R R AR AT A
SR 7K R i o PR L A SRR ) B2

H i, CRISPR/Cas9 AN Ay — AR 2 K g
B, FEVEBL AT AT N R R, %
FOR FTAE KRG 3 DR 2H K P b dh A7 B R 7 1) G 6 0K
W, KR O % e T2 SRPRR /NS
K& PR A7 5.(QTL), oA 1 a2t
G313, Gsot., qws/GwstE TGwe!'®,  IF i
7 oL Gr3 ™. Gsst . gL,
GLW7/0sSPL13PF1 Gws/0sSPL16%%. Li 5215
% ARG KRG GS3 FEH, T, AR ATk
EH N, R A PR E. Zhao 25U H
CRISPR/Cas9 Fi R, 7£ GS9 45 1 4 & T-4b4E A 1 bp,
R ID AR, MR GS9 IEW ik, ik KN,

FR R KFEEZEM SRR —, B 8 Yot
& ) Badh2 FER4%EH) . Badh2 mfs—ANH 503 4
REMA R E AW, Chen &5 KN,
HEERMR, BT Badh2 SRR ARA, F15%
BRI R 2- L - 1-MErg Ik (2-AP) =360,
Tk A k. Shan 2PE5d TALEN A,
Badh2 #ATIER A4, FOKH) 2-AP &8 Mo
T2 0.35~0.75 mg/kg, RIFEAFERMFEK. FhEX
G252 [l CRISPR/Cas9 $ AN Badh2 3E47 4%,
HFEHRRE AR AR 425 FIRIRTG TR, (HARK 425
&R X BN R, FRATTAFI A CRISPR/Cas9
BRSBTS . ZFURAT AR 11 3T
FRG R, MM KERBOMELR. B 11 )8
REaM, HPptRmmess, vk, . GEF
A SEPE R RN, JeRE 11 BIRRK SRR R,
B T A 2501 3 [ AR TR bR o

AHFFHH CRISPR/Cas9 A, LAJEKE 11 K4
WAL, Xt GS3+ GS9 Fl Badh2 FE R [FI ) 34T Rl
Bk, BENS AR PR K R AR R b A B KR, T
IR K R T B R R R B — e 4R .

1 MESTEA

1.1 R

AHF T CARERE EAE 11 IRl fE B eiT
s RIE AL 459 FNHE R (AB4E 19°), $LL 25 cmx25
cm MIBRATFEAE, HAKHBAE FAEK.
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R % Fr . pYL-U6a-gRNA F1 pYLCRISPR/
Cas9Pubi-H X7 2 1A iy 4 7 AR b oK 2 X G e
+-

1.2 gRNA $BS8ESgit REAH9E

JHIL NCBI (https://www.ncbi.nlm.nih.gov/) 3K
12 GS3 (0s03g0407400) . GS9 (0s09g0448500) .
Badh2(0s08g0424500) {1 3 K ¥ 41, F|H CRISPR-
GE 7EZ M3t Chttp://skl.scau.edu.cn/) P, 43 5I7E
GS3 5% 1 4MEF . GS9 5 1 #MNEFF1 Badh2 5 2 4k
B AT 1 X Sk 514, B1-F/R. B2-F/R &
B3-F/R (3k 1) o FH# A CRISPR Primer Designer
Wit GS3+ GS9 F Badh2 F:NEEF5, X /KFER
B, KB R TR, HERRIETE T A

S Ma 2PN S206 0y AT B AR R, K
0T B B R N KB AT B Match1-T1
W, B YA PCR ORI i, 326 HPH 14 B 74 38 1 s R Ui
Fi o PRSI 51 %) NOSF/MI13F-47(F )%} #iAA 5i ki
HEAT PCR 4738, X P= Wb AT T, W Aar UG 1 14 )5

®1 AHRHEFANGI

Table 1. Primers used in this research.

Gl B SIMFE (53
Primer name  Primer sequence (5'-3")

BI-F GCCGAGTGACATGGCAATGGCGG

BI-R AAACCCGCCATTGCCATGTCACT

B2-F GCCGCGATTGCTTCCTGCTCGGTT

B2-R AAACAACCGAGCAGGAAGCAATCG

B3-F GCCGCAAGTACCTCCGCGCAATCG

B3-R AAACCGATTGCGCGGAGGTACTTG

U-F CTCCGTTTTACCTGTGGAATCG

gRNA-R CGGAGGAAAATTCCATCCAC

BI' TTCAGAGGTCTCTCTCGCACTGGAATCGGCAG
CAAAGG

B2 AGCGTGGGTCTCGTCAGGGTCCATCCACTCCA
AGCTC

B2' TTCAGAGGTCTCTCTGACACTGGAATCGGCAG
CAAAGG

B3 AGCGTGGGTCTCGTCTTGGTCCATCCACTCCA
AGCTC

B3' TTCAGAGGTCTCTAAGACACTGGAATCGGCAG
CAAAGG

BL AGCGTGGGTCTCGACCGGGTCCATCCACTCCA
AGCTC

Seql-F TTCAAAGCAAAGCACCAAGC

Seql-R GCTGGGGAAAACTTACAATG

Seq2-F TCCACTCGACTCCTCACTCA

Seq2-R GATTAGCGTAGGCCCTCACG

Seq3-F ATCCATCTCCGTATCTCT

Seq3-R GGTAGTCACCACCCTA

Hyg-F ACGGTGTCGTCCATCACAGTTTGCC

Hyg-R TTCCGGAAGTGCTTGACATTGGGGA

NOFS GCGGTGTCATCTATGTTACTAG

M13F-47 CGCCAGGGTTTTCCCAGTCACGAC
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FOE T R N EHAL05 AT B B2 45
1.3 T, KFAMEMKEIZRS
MR AT A G5, % CRISPR/Cas9 ik #Hifk
N 11 MEGHS T, SilE Ryttt
WAHEL, ek To ACHERE . 78 To MM R
i, K H CTAB (ISR B 1 () 4 2L K 4H DNA,
L5 Hyg-F/R BEATHG, PCR 724 K/NK 289
bp MBI BH PR S R AR, i W PEAE T o it
514 Seql-F/R. Seq2-F/R # Seq3-F/R, 7353 1
GS3. GS9 F Badh2 FEPREE i R H IR T8, A
FH 335 555 (DSDecode) JER 20 Hi 45 3,
1.4 T,fXF T-DNA JtirI4h & RTERKR i1k
T, AAE R B, $EHUH 2L RIZH DNA,
FIFH 514 Hyg-F/R (£ 1) ik I T-DNA o4
AN BIHERE . BRI 519 Seql-F/R. Seq2-F/R Fl
Seq3-F/R, X}J& T-DNA Juf46 N FIAEMEEAT PCR
i, 45 BB DSDecode Jiik, ik
T-DNA Jof ) = FE R 4l & R R ik, B 320 %
FEE T, .
1.5 T, REHKZHERES
TERHIIAEE AR e RE 11 557 248 R0 T, AR AR
RIS B4 I R RETE . SRS, KRR
KRLE, R AR G- BB BOR, K
FEAFRIFR I 2- ZBk-1-MERg Ik (2-AP) & &. Ff
SPSS 18.0 B 4% 2 MR B AT £ K656

A .

2 HR50

2.1 7k¥8 GS3. GSY F Badh2 SiFREERIEIT

GS3 BRI T35 3 Yetfk, A 5 MIMNET, %
i 232 MR . GS9 BN T28 9 Jetafk, 4
MINET, Yahid 345 NEEERR . Badh2 FERAAL T
8 getufh b, A 15 MPET, Gl 503 MEILR.
GS3.GS9 A Badh2 R CDS Fr 5145 H ARG,

Bsal

RB Target 3 Target 2

pYLCRISPR/Cas9Pubi-H-H %

rp [ /K FE B2 (Chin J Rice Sci) 55 34 %555 5 (2020 4E 9 H)

AT HITE GS3 56 1 AMEF. GS9 3 1 FMET
Badh2 % 2 AMETFAEETE 1 X gRNA B 3549,
A%t GS3. GS9. Badh2 FERFEAT AR 1),
2.2 GS3. GS9 1 Badh2 EEFIRH K EIHE

MR HE«E T T e B A A 3 AN ) gRNA R
K EIEREF] pYLCRISPR/Cas9Pubi-H #{AH 42 I,
M & 4 ) # 4& Bl A4 pYLCRISPR/Cas9-GS3/
GS9/Badh2-gRNA #AE (K 2).
23 TyREEFEPAMEENNRRTIER

16 ¥k ToREAE A 8 HRAMMEL, FHMER
9 50% C(1& 3) o FIFHMIFF51Y) SeqI-F/R. Seq2-F/R
Fl Seq3-F/R 474 8 #kBH AT MR HOHE 5 X 385 41, FF:

GS3 050320407400

/i/”\\ - 3
AGTGACATGGCAATGGCGGCGG
GS59 05090448500
5 3

CGATTGCTTCCTGCTCGGTTGGG

BADH?2 0s08g0424500
5 3
CAAGTACCTCCGCGCAATCGCGG

RAEFFHINE AR, AT RILF S8 PAM T4,

The black sequence is the target sequence and the red underlined sequence

is the PAM sequence.

1 GS3. GS9 M Badh2 EHELEFE S E

Fig. 1. Gene structure and target site of GS3, GS9 and
Badh?2.

M1 2 3456 78910111213141516 N P

500bp __
250bp

M, DM2000 DNA marker; N, Negative control; P, Positive control; Lanes
1-16, T, generation plants.

3 T RIEHREEEE N

Fig. 3. Transgenic detection of T, generation plants.

Bsal

[E 2 pYLCRISPR/Cas9-GS3/GS9/Badh2-gRNA F {k
Fig. 2. pYLCRISPR/Cas9-GS3/GS9/Badh2-gRNA vector.
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1365 F ] CRISPR/Cas9 15 A = R 1) | K ks 2 AL 7K RS
4T PCR P74, WX S, 8 RFHMEMEMETH 4
MR T RA, RABEN 50%.
2.4 T,XF T-DNA T =EFE 44 RTEKRAI
1%k

F = IR SRARAE R H A BHE IR T AKERE, T
AR RE R4 DNA, FIFH 514 Hyg-F/R
ik thJc T-DNA Joffdd AN IAE PR . BRI H 514

AGTGACATGGCAATGGGCGGCGG

J\MAMM«/}MA/\M

55-2: AGTGACATGGCAATGGgCGGCGG (+1 bp)

GS3 (0s03g0407400)

Reference: AGTGACATGGCAATGGCGGC

409
Seql-F/R. Seq2-F/R Fll Seq3-F/R #A7¥ #f, @it
DSDecode J7 k70 #rill F 45 5%, ikt 2 koG

T-DNA JofF i) =2 K 4l & AR I (55-24 58-2),
3HT GS3+GS9Badh2 R 548 { BARTE LB 4).,
25 T, REHEKRZHERSTREREE

BB AT R 11 5 55-2 Bk &R, 58-2 kAR
SHRIRIEAT R (B 5), KB 55-2 ¥R RN 58-2 ¥R &R

TGACATGGCAATGGACGGCGG

\(\f\/\'af\r wllalt

58-2: AGTGACATGGCAATGGaCGGCGG (+
Reference: AGTGACATGGCAATGGCGGCGG

1bp)
GG

CGATTGCTTCCTGCTGTTGGG

m’\f\f\ﬂf\fv"ﬁ/v“f\w\]\fvﬁﬂf\/\

GS9 (0s0920448500)

CGATTGCTTCCTGCTCGAGTTGGG
i

{f‘u'\ A A

55-2: CGATTGCTTCCTGCT—GTTGGG (-2 bp)
Reference: CGATTGCTTCCTGCTCGGTTGGG

CAAGTACCTCCGCGCTCGCGG

55-2: CAAGTACCTCCGCGC TCG((J()(sz
Reference: CAAGTACCTCCGCGCAATCGCGG

/NG FREFRIRIEN 1 bp FIRAL, LLOETFHFRRGRIFS.

58-2: CGATTGCTTCCTGCTCGaGTTGGG (+1 bp)
Reference; CGATTGCTTCCTGCTCGGTTGGG

CAAGTACCTCCGCGCAAATCGCGG

oAbl

Reference CAAGTACCTCCGCGCAATCG&

Red lowercase letters represent 1 bp insertions and the deleted sequences are shown by red hyphens.

El4 ZHEERASRTEHRUFER

Fig. 4. Sequencing result of homozygous plants with triple gene mutation.
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Fig. 5. Agronomic traits of T, generation plants.
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150F

2-APEE
2-AP content / (ug'kg™)

WT 552 582

6 HAE 11 RERTUHHERYIG 2-AP HZE
Fig. 6. 2-acetyl-1-pyrroline(2-AP) content of Longjing 11
and mutant plants.

AR Y AR B RE AR 2 3G 0 27.01% 26.43%, #S
KB T E KT, R T R AR TR bR PR AR
13.4%- 24.6%, 4550 BA BEL, B2
FIHEIN 10.82%- 12.11%, TR 2 530 18.34%-
41.36%, 58-2 PRARTRiEE hnLb ol & (K 5). Bt
LW, iHid CRISPR/Cas9 £ AR %F GS3. GS9
FERBAT IR, SRR ERKFE AR, SRR
THI IR 138 i 2 BB o

K A - ST R B A, X B A T e A
11, AR 552, 58-2 BRARHAFRING 2-AP & & it
17500 (B 60 BFAERUJEHE 11 Hh 2-AP 54 87.13
ngkg, SRE 11 XTREAELE, 55-2 BRAR B H R R
2-AP S EMWINE 248.22 ng/kg, 58-2 Hk& T 2-AP
HINZE 176.43 ng/kg. 55-2 Pk &AM 58-2 Bk &R Hl{E
Badh2 FER 5 2 SRR AL 2 bpy 4l 1 bp, 3
PR RAE . S5 RRY], I X Badh2 H K347
Yal, BT AE A ALK RE AT E PR

3 WHie

CRISPR/Cas9 Hi R 514 E ML, FHLEAR
BRI . MR S M ARSI A, B 2N
FF KRB R 2 B B2, M R 4E T E
FEOCITR KRG S A I A B o ARHIE 72 DIORE Y 67 1 45 2L (R
GS3. GS9 AR AT IE Badh2 9 H brEEH,
¥4 7 pYLCRISPR/Cas9-GS3/GS9/Badh2-gRNA #%
&, Xt GS3. GS9. Badh2 FERBEATRI, THikH
PN T-DNA JCH I =2 R4l A AR R

GS3 F1 GS9 FERiK R iR T Nan 2P0
FIHEA gs3 AL E R iR GKBR 5 B RITE

rp [ /K FE B2 (Chin J Rice Sci) 55 34 %555 5 (2020 4E 9 H)

RARF MM E 131 25805, UAEE 131 N
A, ZitRAE 3R T AEE 131 19 GS3 AR, ¥
KN 12.05%, T 8RB AR SR B0 &, 31T 7
BN, EXREABETE, XK. B
CRISPR/Cas9 i AT UM K46 6 B AR, Bk
MR IR R K. Li Z2VF ] CRISPR/Cas9 A%
GS3 FERAT s, WK GS3 IEH Rk, kK1
20%. Zhao Z"ffiFl CRISPR/Cas9 Hi A, 7E GS9
1 AMNE TN 1 bp, MORAKIEIN 5.5%. ARHFF
TR AN E RIE N B — 8k, IR X GS3 F1 GS9
AT XS GS3 A1 GS9 HER AT I, K
5 B AR R b 22 S 0A B B K, TR N
26.43%~27.01%, HiE KT8 1d CRISPR/Cas9 AR
SR r B GS3 R GS9 WU, HRkrE &
10.82%~12.11%, &5k A B4Rk, Thi s
fn 18.34% ~ 41.36% . WFst 45 L LW, FlH
CRISPR/Cas9 A AT LLK: & H Kb B H 7= (1
Rl IR R IR A A )

LG ERE M R EE A MR ZZiEE, (H
R 5 AR 7 B AR E R0 A BB A L P PR 59
PRGN R, FERE B LT R &R
A RPN R M . AT FEX Badh2 FE KT AR )G
S XPFFRLG 2-AP S EBEAT T, Badh2 FER L
REB R G BRI 2-AP &8 87.13 pg/kg HME
176.43~248.22 ng/kg, HFWHIH 2-AP B EHE M.
e 2 ThE s CRISPR/Cas9 AN Badh2 F:A
HATYRE, TEA URAT IS SR FH H A A S S AL R
W, EMTHRME R . B 9T R F AR € - i T Bt
AR, ER2oPKFERRRT 2-AP &8, 4
B HER o

gx bRk, ARFFCERE 11 MR, dEd
CRISPR/Cas9 £ AKX GS3. GS9 Hl Badh2 ¥R AT
SE R FR RS T 6 T-DNA JofEi =3l ai &5
AAAPRL, AR 11 RIRARK, HERPE RN,
TRIER N, FREERDR 2-AP &8N, 6l
AR BOKAG R, BB RS SR A
IKFE AP AL T B AR A, I T LR
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XA TG T TR, 1EHRRIERE
BE k-
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