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CRISPR/Cas9-mediated Editing of GS3 to Improve Flowering Time in japonica Rice

MENG Shuai, XU Peng, ZHANG Yingxin, WANG Hong, CAO Liyong, CHENG Shihua, SHEN Xihong*
(China National Rice Research Institute / State Key Laboratory of Rice Biology / Key Laboratory for Zhejiang Super Rice Research, Hangzhou 311401, China;

“Corresponding author, E-mail: xihongshen@126.com)

Abstract: [Objective] Flowering time asynchrony is one of the main factors limiting seed production of hybrid rice
between male and female parents, and some studies have shown that flowering time is related to grain shape. Loss of
function mutant of GS3 was used to study the difference of flowering time in this study so as to elucidate the impact of
grain shape on flowering time. [Method] CRISPR/Cas9-mediated editing of GS3 to achieve 13 pairs of near-isogenic
line japonica varieties. Then the flowering time was investigated with visual methods. [Result] T; individuals derived
from T, generation were genotyped. The sequencing results show that some bases were mutated with single base
insertion, including Changbai 25, Jijing 102, Zhejing 88, Wuyunjing 27, J42 and others with bases deletion, including
Kenjiandao 6, Kongyu 131, Zhejing 22, Yangjing 4227, Nanjing 9108, J5933, J6167, J5938. For the grain shape of T,,
the gs3 mutants conferred longer grain length compared to the wild type, and the gs3 mutants of Jijing 102, Kongyu 131,
Zhejing 88, Wuyunjing 27 and Yangjing 4227 were significantly earlier in flowering time than those of the wild type.
The others were also earlier, but not significant. [ Conclusion] Long-grain japonica rice has an earlier flowering time
than short-grain japonica rice, which could provide references to study the grain-type breeding of japonica rice, and it
would accelerate the breeding process of long-grain japonica parents and promote the development of hybrid japonica
rice.

Key words: japonica rice; flowering time; CRISPR/Cas9; GS3

1 OE: [HM AR A A 2K R H R B BN R 2 —, TR I KR 2 2 3 e 4 5 .
AW FER A GS3 ThREH R AR FORE RIS 25 5%,  DAHD R BS s mfE i 42 4 E . (757 ] FIH CRISPR/Cas9
FeAR I E g K SR R GS3, $K45 13 Sk 22 F A S N RMRS, /NMX RIS, A H IR B e R
(45 ) SRR To kIR0 2L TR 200, RIKE 25, #1F 102, HiE 88, iz 27 F1 J42 ¥R 4
AT IR ANFE D gAY, BUSHE 6 5. Y 131. Wik 22. %M 4227, FAF 9108. J5933. J6167 il 15938 k4
BRI TRAS . X T AEARRI AL AR B, gs3 RABRIR K BEK THAER, WREMERIER Gt
RI, RBAR K I AR R LU BT AR T e G BT Eg AT,  HE A 102, F 131, Wit 88, iUISHE 27, 47 4227 iX 5
MR gs3 SAARTERS ¥ B E R F AR, HAMBIFHRE, EREE, [450] KRAERE GS3 A4
PIAEIT BT ARG B AR R, X — B R RS R b AL B R Rt 52, INEKRREEARE T, BB ISR
K

XHEiR): AFS; feif; CRISPR/Cas9; GS3

hES S Q785; S511.032 CHERARIRED: A XEHE: 1001-7216(2018)02-0119-09

EKREOAEIARZ 3067 /5 hm?, HfokE ORI A RN, N, HrhR
FEMEIARLZ) S 21.7%, TASSHBIOABEEARN P ERR AR R R R ER R ",
R R 5%, HILLSHIRET =, 2% FITESIMEZEREILQH R B R BEE, 8L
YrtsBEA: 2017-09-11; f&oiimus®IAEA: 2017-11-17.

EE£WB: Ex 863 11470l H (2014AA10A603); F 5 A it MR MV RHE I 78 £ 151(201403002) s A L A RL 22 5t 0137 L REAB ARG & Fh QT 1 AN /K
FEZL TR S5 F WL BRI 75 61357 141 DA %8 B 35T H (CAAS-ASTIP-2013-CNRRI);  [H % B AR RIS FH R R 54 % B T H (31501290)
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BUETFAEANSE T B, i A ] B,

MTRZKBEMT S, N8 RELIER—
MR RYEAR, FESRANERA R TKRG RIS, T
e RATE IR, ARY, RNk — &AL
e AN R AR, R AN R R ARG A
RIS B T kBN E R m i kA, |
K BREEPRN A TEI AN KRG 57 50 45 S M S i
Ko ERIX—Z RN K FER 35, IR ER
Ph ShRPERA 2R SRR T, JTeEk,
bt 2% 52 KRB SR A TFAE ST RERE A WA ALY, ]
— AP CRIAEECRERR) KA, AL S PR E 22 5 o
BWHIK, TP, R, TR,
X AEREAG A LR R, XX —IL% HATid
= RFIRNTTE, HoFIREILEIEAN T E.
TR R B L B R e B R, [RLIE,
R R AT B4 B AR AR R Fs M,
AR i R A L [ K R B B R 1R K R T
A7 GG D 1) A8

GS3 /& 25— ANl e B R AR B (1 R, B
P KRR AR (1 20 QT L. 24 N I 42 28 &
KN SE R (OSRY R A ThREER R R 5, £33
K & K kL A K B CRISPR/Cas9(Clustered
Regularly Interspaced Short Palindromic Repeats/
CRISPR-associated Protein 9)M8%V i JL4F 3k & &
ORI — Pt FE AT B OB, SR IRE
8, MR, 2 LRARIRE >, s Fl
F CRISPR/Cas9 i ARXHUFE IF  /KFGEE AT T
LR 228 Shan PRI B CRISPR/Cas9 # AR
Xf K FGHEE] OsPDS-P1 1 OsSBADH2 SZFl 4k, %
FARAEKRRIE R gm0 T ep, SFER, 3t
A g 8 5 R 0 45 AR T AFF U AR I T — FloB B R &
#5751

AT EEFFH CRISPR/Cas9 +3 A% 4 il i
KRR R GS3 AT S, T8I e KRR A
B LGRER FEAEIS 22 57, HEIMT N FERS B R 7T B2 fiL 2
WA .

1 bPRHS 7

1.1 RIEHE

13X SRR R MR, >R B H 25, 35 48 102,
H 131, BYERE 6 5. Witd 22, #itg 88, Rizht
27. K 4227, FEKF 9108, J5933. J6167. J5938.
J42 J eI GS3 MR gmiH ARk, Ty AR 2016
FER R T A [ K FERIE 7T AT I 5 % 7K B 3 R

Fh [ K A5 R (Chin J Rice Sci) %5 32 %45 2 11(2018 42 3 H)

U FEHh, AT MRS e« F R TR G Ao 7R 2
RETA A T AE R = Z=FE T A B ARG 7L T E BH
FEIEPR R SE M, 2017 4E5 H 22 H. 6 H5H. 6
H 20 Hor 3 W#EFh, \BENT 7 H 22 HH#EM,
HIFAE.
1.2 EB{L S AR EE R BEE

HR4E CRISPR/Cas9 £ 4tis il /i [a] X F¢ 51 4% ikt
JL ¥ (Protospacer Adjacent Motif, PAM), 1E_ L4
20 MEZEER 7 HI AL BT #EAL 17 51 AGTGACATG
GCAATGGCGG, Ffusm#zsks4 GS3-CAS9, #E
A7 55 B RE 5 M J8 3 Cas-OFFinder  (http://www.
rgenome.net/cas-offinder/) 43 ¥t F1 /K F5 % K 41
BLAST /A58, 257 711k 7E GS3 2 1 4h
21 k(& 1),
1.3 CRISPR/Cas9 FiA ke & & E 4miE

AW T AT R a2k SK-gRNA  Fl R ik #44
PC1300-Cas9 Hi H [El /K FE A 7t Iy 2 DR 8 YR 2 i Rt
HPeft. FIFRAAEPOEIT sgRNA FEB47 5575146
A A SK-gRNA H, SR a5 A S0 S 17
YA Aar T (Ferment 2817780 PIE| Rk, &5 F
F TJNEB X w)iE 8 B & 8 & i &,k
PC1300-Cas9 |- . FH &k 514) Ts S 514 GS3-CASIR
T ) 282 1R B 2 AN 7 0 W (GO 37 B PN R A T
EVBARFRA T 5ERRL), KAk SR A EE B . 53]
BN F] SE R AR B AL KRS A, RS To A%
FERIFERE
1.4 3|4

AT RISV NER 1, 51V PN R
FR AW AR PR A 7] A il
1.5 ToKRHMERK & E E B AN

I CTAB vEPP U B 3 ) To ARMLFRIH H DNA,
B AE —20°CUKFE HARAF o 0 B W &2 25 5

GS3  0s03g047400

AGTGACATGGCAATGGCGGCGG

LT REFRONERIRE ST, WG EBFRR PAM P, Z6FRH

“T, BETRENET.

The red letters are the initiation codon, the blue letters the protospacer

adjacent motif (PAM) sequences. The line represents the intron, black

boxes the exons.

1 GS3 EELH5 CRISPR/Cas9 4B &5 2

Fig. 1. Schematic diagram of the gene GS3 and the
targeted site.



)55 FIFH CRISPR/Cas9 A 4 # K 2 [K] GS3 tle & Fg fig {e i)

#=1 AWMREASIY
Table 1. Primers used in this research.
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SRR Gkl

Primer name Sequence (5’ -3 )

GS3-CAS9F GGCAGTGACATGGCAATGGCGG
GS3-CAS9R AAACCCGCCATTGCCATGTCAC
T3 ATTAACCCTCACTAAAGGGA
CAS9F ACCAGACACGAGACGACTAA
CAS9R ATCGGTGCGGGCCTCTTC

Hyg-F GCTGTTATGCGGCCATTGTC
Hyg-R GACGTCTGTCGAGAAGTTTC
GS3-F CTATACATAGCTGCTGCACCGTCT
GS3-R CAATCACGTACTCATCATGGCAGCA

) HygF/IR FN#RAA 51 ¥ CASOFIR 4718, SR 5K 2L
) DNA #17 PCR #3545, PCR & R 1T : 2xTaq
Master Mix 7.5 uL, {5 5/4(10 pmol/L)% 0.5 pL,
DNA1yuL, ddH,05.5uL. PCR F2FF: 94°C R
90s; 94°CF 30s; 57°C K 30s; 72°C T 30s; 72C
F 5min; 10°C K 5 min. PCR /=¥ 2%z ig kit
AT LUK, HIKEE R G EB R gL (I 4m .
RE B0 HH 2% TR R AR BH AR, SR S5 AT B R 2L 1Y
iRl
1.6 EOAL S AR

N TR IEEAL R RARRAL, AR5
GS3-F/G kA3 ToARPHHEREM H M B, ¥ &F H
(9 P BERIRE sl 32 8 &0 43 AT o 4l H 3
g, ARG, ST A AR AT R R T
H DSDecode(http://dsdecode.scgene.com/) 3k 47 14 &
ST, DRI 28 A g As (s B,
1.7 REHRBESH

TE il A Y308 B A) — 75 50N B AR R R AR A b
P& 6 PR, ZrluigicsamiR 0, B,
(7 P 7 S AT B e v, IR BT e B A FR R )
FAE, BEMEMRA. HRFRT, A ERRRBEHL
HHE 50 RLEIHE IR FIERAC, RTE S K e L.
RIS EE F Microsoft Excel 2010 #4748 114047 -
1.8 TERHEE

KA E IR A KRR . 4 AT AL
5% RS o H R A4 BLRIAE 6 B, A 8 — D IX,

LB

BHERIAE 7 d FERT, BV A RHERT 15725
. TERCRSH R 7:30—19:30, 30°C, HXf
BN 75%; 19:31—kKH 7:30, 24°C, FXHEE N
85%. WmEWN, M EFE 3 #, HkHE 5 d
AR, BUFHME. fERSiit DI 0 o FEHE,
R8sk R

2 RGN

2.1 CRISPR/Cas9 Fik#iixntazE
CL0 GS3 FE K PR K 1 4 [N, i xot

ZFE 7590 br R B, 1%L K i 5 AN SR TR,
Zitd— AN 232 NREERA RN E A, %k
DR 2 i 1) 2 PR AR R P R . 7228 1 ANE T
FIREL— 2K FE A 20 bp HE R R R AL 55 A,
FEH Fo s B (R R R S R B R IA AR,
FFIF e 5 RS2 58 () 2).
2.2 IREVGEEFPHMEERK

H s A B pe R R BRI I AR AT A 3 52
AR N FEIRIG I BE R To AR, S8 5t 2k 514
CAS9 K %78 MR 75 LI & B AR AR 1) 3 R 41
Wo Al KA 25, #HkF 102, &F 131. B%
T8 6 5. Wikl 22, Wk 88, wiz i 27. 740 4227,
FiKF 9108, J5933. J6167. J5938 il J42 HELRIFH
PERRTE 32, 38, 42, 45, 40, 55. 40. 33. 56. 33.
38. 39. 45 #k. KfiX 13 9 RAK R BIAE Tl

RB

i HPT T-GS3 U3 Pro }—‘ 2><355Pr0> CAS9 —1——

HPT — ¥ B R IR R AR LB— 5t RB—A1U: Cas9 BHME3)T 72 35S; GS3 K sgRNA KIEZ) T4 U3,
HPT, Hygromycin Phosphotransferase gene; LB, Left border. RB, Right border; The Cas9 cassette is driven by the 35S promoter, while the GS3

SgRNA is controlled by the U3 promoter.
2 GS3¥BImsRiEE AL

Fig. 2. Schematic diagram illustrating the structure of CRISPR/Cas9-expressing vector targeting with GS3.
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WT
gs3-CB25
gs3-KID6

2s3-11102

Fh [ K A5 R (Chin J Rice Sci) %5 32 %45 2 11(2018 42 3 H)

ATCGGAACTTCGGAGTGACATGGCAATGG-CGGCGGCGCCCCGGCCCAAGTCGCCGLCGGL
ATCGGAACTTCGGAGTGACATGGCAATGGtCGGCGGCGCCCCGGCCCAAGTCGCCGCCGGC
ATCGGAACTTCGGAGTGACATGGCAATG-CGGCGGCGCCCCGGCCCAAGTCGCCGCCGGC

ATCGGAACTTCGGAGTGACATGGCAATGGtCGGCGGCGCCCCGGCCCAAGTCGCCGCCGGC

+1bp
-1bp

+1bp

gs3-KY131 ATCGGAACTTCGGAGTGACATGGCAAT--CGGCGGCGCCCCGGCCCAAGTCGCCGCCGGC -2bp

532122 ATCGGAACTTCGGAGTGACATG-------

CGGCGGCGCCCCGGCCCAAGTCGCCGCCGGC -7bp

gs3-NJ9108 ATCGGAACTTCGGAGTGACATGGCAAT--CGGCGGCGCCCCGGCCCAAGTCGCCGCCGGC -2bp
gs3-2188 ATCGGAACTTCGGAGTGACATGGCAATGGtCGGCGGCGCCCCGGCCCAAGTCGCCGCCGGL  +1bp
g53-WY127 ATCGGAACTTCGGAGTGACATGGCAATGGYCGGCGGCGCCCCGGCCCAAGTCGCCGCCGGL — *1bp

g53-Y)4227 ATCGGAACTTCGGAGTGACATGGCA----CGGCGGCGCCCCGGCCCAAGTCGCCGCCGGL -4bp
gs3-15933 ATCGGAACTTCGGAGTGACATGGCAATGGC---------- CGGCCCAAGTCGCCGCCGGC -10bp
gs3-15938  ATCGGAACTTCGGAGTGACATGGCA------GCGGCGCCCCGGCCCAAGTCGCCGCCGGC -6bp
gs3-16167 ATCGGAACTTCGGAGTGACATGGCAATGGC----m e e e e e e -30bp

gs3-J42 ATCGGAACTTCGGAGTGACATGGCAATGGYCGGCGGCGCCCCGGCCCAAGTCGCCGCCGGL  +1bp

R HINA A, PAM JFHI IS 5, odEsd N 00 IR (/NS FRER R, SRS UG 3ok, WT— 2R, CB25—K [ 25;
KID6— BR%MH 6 55 1J102— FHE 102; KY131— = F 131; 222 —Wifg 22; NJ9108 — 4 i 9108; ZJ88 —HifE 88; WYJI27—RiZHE 27; YJ4227

— Pk 4227, 1& 4 0% 3 i AT S R IR

The targeted sequence is highlighted in red and PAM sequence in blue. Mutations with 1 bp insertion are represented by blue lowercase letters. The
deleted sequences are shown by blue hyphens. WT, Wild type; CB25, Changbai 25; KJD6, Kenjiandao 6; JJ102, Jijing 102; KY131, Kongyu 131;
2J22, Zhejing 22; NJ9108, Nanjing 9108; 2188, Zhejing 88; WYJ27, Wuyunjing 27; YJ4227, Yangjing 4227; The same as that in Fig. 4 and Table 3.

3 B MEFEMM T RRTRB S

Fig. 3. Mutation types at GS3 loci of thirteen japonica varieties in T, generation.

ARG Ty AE PR
2.3 EFEBHEN

RNT 5T RIX 13 4 AR R R ZE R Y,
PEEL Ty BHEEAERR DNA, FEF 519 GS3 Ml FF43HT
B4R A1 R 3535 BUR 2B Al 45 5878 (1) 7 50 13047 00 43
M, GEREWH, KA 25, HAF 102, #iig 88, iz
¥ 27 F1 )42 Y97 GS3 55 1 4B ATG Rl 8 bp
MERABIRIL(T. G)EARAE, MEER6 5. =
H 131, WA 22. 47F 4227, FEFE 9108. J5933.
J6167 H1 15938 A 41 kAt ik 2k AR (] 3).
2.4 T EHKMEREESH

XF Ty MRS AR AE G R R AT R B 25 Tl o A
A ZMRB A . 45 REKW, 13 17 gs3 RAR MR
PILL B A A B g A, KB Lhth B K (K 4). HL
R 25, BR%RE 6 5. HAF 102, &F 131, W
1 88, WIZAE 27. 44 4227, 6167, J42 %5 9 4y
BB gs3 9% A8 A 1) p K 5 BT AR TR R AR 3G
0.22~0.94 mm, HIEWEE/KT, MHFE 22, rEfE
9108. J5933. J5938 % 4 1 #4HH) gs3 AR AR K
R E AR AU RE ARG N 0.01~0.26 mm, ik EEKTF. [F
I 13 4y gs3 AT MK s 48 b B A R, HKH
25. RY%R 6 5. HAF 102, &F 131, #rkH 22,

ke 88, iz 27. 48 4227, 16167, J5938. J42
25 11 AR R B 35 22 5:(0.05 KF) . BT MK}
TEREUG DI E I B 2% 7 (3R 3).
25 TERTERSH

TREUE — T SR 13 A RE, EEUEA
gl & RATKERR AT R AE T R A S, 45 RRIR
ASRIAET BT B AR R . BB R,
¥ 102, wizkf 27, 2 F 131 AITAE 88 ) gs3 AL
PRAEHT Y LLET AR R AR RS B 10~15 min, #4# 102
FIHTRE 88 [1) gs3 FEARMRIEALHT FRILH B E R,
MaEF 131 AiskE 27 fE4en ERI R R 2% 2
F(3 3, B 5-A). fERE N HE— B X e W & B0,
K[ 25,2 & 131, #rkd 88. wliz K 27 Mi7kF 4227
5 A TR (P AR I 38 L SRR B AE T B K249 17 min(E
5-B), AGIFEREY, KB 25, FFH 131, #f
¥ 88 AU HE 27 e YR B & 25, 1M
Hizk 4227 e B H B2 5. Kk, i
i L EER R AT R B, IR A AR 2 R H
[ FRAERT 225K, HIke 4227 Howlgess fit—b
EIRPREE R ZN KGR U sE M, R A R 24
TS ARSI, (H27 b U8 7 45 B3R BRI AR 2% 7K
FEACHT A7 AR, B TR R RE RS A
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WI-CE2S I e L Il eeseeseswe | (1IN
el == === | W ﬂ ,
LRI seoeeseese | 111011
WT-KID6 960000000
253-KID6 (ALY WT-2J88 [ W PR
gs3-ZJ88 R N
WT-1J102
253-11102
wr-wyn Rl s N (T[]
WT-KY131 [ e 000906090 es3-wyi27 R s el B LLLLAL AL
es3-Ky131 g g S e I UL LTI
Wiz1 Rl seeseesesese | (1NN
gs3-2122 Gl vecocacess | (NN
WT-J5933 WT-J6167 R S
8s3-15933 2s3-J6167 R R R e
s e 4'6““' “ o E m
2s3-15938 R R “““”“ gs3-142
Jmm
4 Tk 13 R R E T AR B AR
Fig. 4. Grain shape of the thirteen materials and their T, mutants.
3 T 13 BRI RERTHRNREHIK
Table 3. Agronomic traits of the materials and their T, mutants.
L PR LT Kok NG piain) UG PI
Materials Grain length/mm  Grain width/mm Length/Width radio Plant height/cm Flower time/min sowing to heading/d
WT-CB25 6.6440.04 3.0040.06 2.2340.06 83.0840.71 558.0043.52 77.7541.26
gs3-CB25 7.4740.07** 2.9040.02 2.5840.03** 81.6940.84* 553.0044.29 77.2540.96
WT-KJD6 6.4040.02 3.0740.02 2.1040.01 61.8441.52 541.0043.41 68.0040.82
gs3-KJID6 7.1140.06** 3.0940.04 2.3340.03** 58.4041.32** 538.0044.77 68.254).96
WT-JJ102 6.3640.02 2.7440.02 2.2540.02 67.8040.12 555.6746.28 69.0040.82
gs3-JJ102 7.0440.09** 2.7530.03 2.6540).06** 67.5840.08* 544.5046.44* 69.75+1.26
WT-KY131 6.4840.09 3.0640.02 2.1340.03 68.6240.77 545.0045.93 69.3340.58
gs3-KY131 7.3640.06** 3.0940.03 2.4140.02** 66.52+41.20* 531.6744.84** 69.6740.58
WT-ZJ22 6.7340.05 2.9940.02 2.3440.03 69.54+1.03 721.0046.20 86.3340.58
gs3-2J22 6.9940.06** 2.9740.02 2.4130.04* 64.4840.86** 718.0046.99 85.3340.58
WT-NJ9108 6.0040.02 3.0240.06 2.0540.02 45.9440.71 571.1746.43 80.6740.58
gs3-NJ9108 6.2740.02** 3.0640.03 2.1340.02** 44.7840.64* 566.0046.90 79.6740.58
WT-ZJ88 6.1040.05 2.8840.08 2.2430.07 62.4040.77 629.0045.97 76.6740.58
gs3-2J88 6.3340).05** 2.8440).06 2.4730).03** 54.4240.81** 620.0046.03* 77.3340.50
WT-WYJ27 6.5740.03 3.0240.04 2.2440.04 65.3640.84 571.6745.32 76.00+1.00
gs3-WyYJ27 6.8740.03** 3.0440.02 2.3540).02** 58.2040.70** 556.5042.43** 76.3340.58
WT-YJ4227 6.1340.02 3.0640.01 2.1340.03 58.2840.40 560.0046.54 76.6740.58
gs3-YJ4227 6.3940.09** 3.1040.01 2.2540.05** 57.5240.43* 555.0046.15 77.6740.58
WT-J5933 8.6840.02 2.4840.02 3.6740.02 80.6640.48 567.6745.54 83.3340.50
0s3-J5933 8.8840).03** 2.4840).01 3.8640).02** 80.5440.15 562.8044.76 82.6740.58
WT-J6167 7.3740.02 2.3840.01 3.1240.03 78.5040.37 537.0045.22 88.3340.58
gs3-J6167 7.5740.03** 2.3640.02 3.2340.02** 76.1640.52** 535.0046.13 88.6740.58
WT-J5938 9.5940).01 2.4630.02 3.8540.01 87.2240.51 555.6743.50 92.00+1.00
0s3-J5938 9.6440).02** 2.4840).02 3.9640).02** 85.8240.77** 551.8346.37 91.3340.58
WT-J42 7.4640.02 2.6640.04 2.8940.02 88.3840.64 518.0043.46 83.334).58
gs3-J42 7.8240.02** 2.6040.05 2.9140.01** 86.964).56** 518.3343.67 82.67+40.58

*RIx* a3 G R B AT B RAFATE 0.05, 0.01 K LEEZER.
* ** Significant difference between WT and mutant at 0.05, 0.01 level, respectively.
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ZFIK 005 BFEKT; TRRE R 0.01 BEKT.

A, In the fields. B, In greenhouse. JJ102, Jijing102; KY131, Kongyu 131; ZJ88, Zhejing 88; WYJ27, Wuyunjing 27; YJ4227, Yangjing 4227; WT, Wild type.

*, Significant difference at 0.05 level. **, Significant difference at 0.01 level.

5 5MHRRHERTHRIFER
Fig. 5. Flowering time of five materials and their mutants.
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RE AT KFGE 1973 4FH) F B3R S I =
RELELLCKR, CHUS2ENE B skat, JLHak,
BHEEN 03 32 Bl 58 i Sk Ah R R A T ORI A
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(1) 22 A A5 SV B 1E — ke A T G v 1 T 4% /K R 1 7
B, SR IRAT7E B A AR R I, KR AR
FERLRE R AL AR i i L SR R . Ak, BRATTiE T
BRI gmi H AR EAE R R T GS3 IE S5 R R, it
AT RERGRL AL 5 AERT 9% RATEAT

AWFFHFIF CRISPR/Cas9 F5 Atz il ki 3
RUEER GS3 AT Ym#H, IRTF T RKIRK I gs3 RAZ
o 3T H ARIR X KRR AR 1 e i 2 R B,
FH [H) O 82 45 B o i 4 102, 25 F 131, WikE 88 Al
RIZHE 27 (R4 BRI RASARAEAET FREME RBLH
BEMES, MERENRERIRT L 4 54
BIEAER FRBU B 2540, B 4227 R

H A 2 22 KT, AR KR AL IR 52 A S 1Y o
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