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Improvement of agronomic and quality traits of Yangmai 18 using
CRISPR/ Cas9 gene editing technology

ZHAO Peize'?, WAN Wentao’, ZHAO Renhui’, JIANG Zhengning’, WU Ronglin®>, BIE Tongde’,

CHEN Shengwei'

(1. College of Agronomy and Biotechnology, Yunnan Agricultural University, Kunming 650000, China; 2.Key Laboratory of Wheat Biology and Genetic
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Abstract: Jiangsu province is an important wheat-producing province in China, spanning the middle and lower reaches of
the Yangtze River (MLRYR) and the Huang-Huai region, two major wheat-growing areas. The wheat planted in the MLRYR is
mainly red-skinned spring wheat, which usually has large panicles and a loose plant type, and is resistant to Fusarium head
blight (FHB), powdery mildew (PM), and pre-harvest sprouting (PHS). In contrast, the wheat planted in the Huang-Huai re-
gion is mainly white-skinned winter wheat, which has a compact plant type and a higher number of panicles, but is generally sus-
ceptible to FHB, PM, and PHS. To develop new wheat germplasms that meet different application needs, the vernalization-relat-
ed gene Vrn-DI, grain hardness-related genes Pina and Pinb, and the seed coat color-related gene MybI0 were edited in the red-

skinned spring soft wheat variety Yangmai 18 using CRISPR/Cas9 technology. A total of six Vrn-DI mutants, five Pin mutants,

and seven Mybl0 mutants were obtained. Phenotypic

Y75 B #:2025-01-10

EeTE: HEKARPAEESTUH (32472102) 5 1155 U X
W RkAE T PRI LI S)(22) 114]

TEE R T (2000-) 5 T RS Bi4-0F5 2, £ 5 MR mutants were significantly reduced (with the exception of the
INEEFAIIISE ., (E-mail ) m13771257610@ 163.com vrnM5 line) , the grain hardness of the Pin mutants was sig-

BIRAEE . FETHY, (E-mail) ynkmesw@ ynau.edu.cn nificantly increased, and the seed coat color of five Mybl0

identification results showed that compared with the wild

type, the second and fourth internode lengths of the Vin-DI
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mutants changed from red to white. The results of this study provide a reference for using CRISPR/Cas9 gene editing technology

to improve specific agronomic and quality traits of wheat.

Key words;

W38 /NFE ( Triticum aestivum L) S FE = KR
BAEYIZ —  /INFZ % 4 A PSR T AR 48 4
et R A A REZE X HE 2T EE
FERRR A AR 7 i b Ml VT R R i T K
X, TTIE IR ST 35 205 3 B AR AR AT
REPER /N Sl VT R IlEAE X/ INA S8 R AAT
BPERFICE RN KRB PR, HX/NEE AR
BE L FURYIR B & 2R A B I b ik, (AR A ™ i
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JRAPE/NE Ry AR R B R s
i, (HR Z B IR B0 | IR SR 245 BTt
B BRI, DB R R e TR by
INFERPIEAS GENPER 25 S, andb T &P NEE AP R
FEIE VRNT ¥R et e 5 /N2 SRR 245 1
ANLL 0 S A A, R D Ay /N FE DA
ok, B R Pinb-DI1 78 T2 iR 7 40
INFE KRB A, L PR R LA A R 1 ST
K, Myb10 FEH (B Tamyb10 KR Xif/NAZ b Bz B3t
R BN EVER , ALT7 R /N DL 6 R Oy 32 T
FA LT B /N AEAE | A A R

FACNE FH T8 70 S SR AL 28 50 AL RE 5 T 76
LG e it — B A R A B A R
H T, B # O 2 NN h e 3] 4 DR I
ek T HA 3 AN (VRNIY VRN2YHT VRN Hirh
VRNI BEARN i, VRNT A0 3 ANRITRIEA , 7>
SIS ATE SA 5B 5D Yt fA b HAmA Y e S
BEFRE I OIER T, BT A4 1
AR UL E VRNI AL 5B, ANFZ B ;2 3 4
VRNT {37 5580 32 30k Bk Bt /N 22 kg 4
Chen 25 2 i85 % L, VRN2 5 VRNI ,VRN3 [ %5
TN AL N, VRN2 i 3t 35 G 25 A NF-Y %
S I AR, FE B ST, VRNT Gl Gt R A
VRN2 BRIk FE M 246, UEH] VRN %t VRN2
FEAE EAIPERN , Shimada 25603 BIFSE & B, VRN i
T VRN3 L3, FFid@ad 45 VRN2 JE 81 A~ 1E A
W, AR /INAZ BB AR IR IR AT DG i /N FZ 1 4 1 R4y
BES) SHEF/ N P R

IINAZRE LR SR /A it ST BB AR A, R

gene editing; vernalization gene; grain hardness gene; seed coat color gene

AF A LA Pina \Pinb st L o Pina Pinb Y15
T 5D Yeta G 1Y Ha 157 5, 9t puroindoline £
F1, 24 2 A EERI A R B A U PR SR 5T, 17 >
1 —FE KA DI RE S Fa B, 23 BN KPR I i B
FH Xt Pina 88 Pinb AS [ 3 PR Y Al 8 i e 8, ]
AR T8/ INAE R PR L ()38 SR B LA JR A [ 8 i
BT S, ARYEA B, PR N 73R
Fe/NAZ AL RN R Bt e 3A 3B 3D B AR
LI Myb10 S50 3Ry BRI E K,
Myb10 X Fh B B A AR MO, e rh 21 %) (.38
BUA Pk, LI 2 35 DR X K50 38 B R
Myb10 SEPR GEf% 38 1 0% 2 B 5 B 75 2 ( ABA) E
Y6 U DG E DR A 18 4 o e Bt €0, R R 2F ik ik
FE DR Gt T B S BRLT B 5 1A R ]

AT ra At 7 /N2 AR Al o L ) 3 25 S S
XF 1 7 BT B A A RS SR W 2R R IR S
TR A A T ARMEAE J T 0 B R b e R A B
KRR, UTAER B TR AR A R A=
YIE PR AEAS W 158 F1 kg, DL CRISPR/ Cas9
F G0 AT A T Ry 32 04 7 R 2 e AR PR G T B
TR RSORTRS MM R R T T 5% 8 XA 35k TR T g
fige AT AN HE 1) o TR R A R oRTP L L R R A
CRISPR/ Cas9 £ [FIET 4t /NA2 MLO BERTE A B
D 3 NP A b g 4 DL BB TR R
5 HLE 77 B /N 22 38 BB Tamlo-R32,, Tang 45 Fi]
FH CRISPR AR 4% /NA2 Ms2 LD PR T 3B 0/
ZWEE, ML RIBEBUNE R KRBT /INE
FER PR T/NEEB A Rh B T R, Ni R A
CRISPR AR BT SZHE T X 8 A~ /INAz FH A (1% [m] s o
MR, AED IR SRR s & 4t T 5% |

WA 18 BRI MifZ X EEWMZhiE T %
A B2 R 5T 5T 5859 09 S AR A, RN AR R
FUBHIG | B A8 SR 25 U B
B R, ¥ 7 18 TEFRALAH OCHE ] VRNT A3 551
FER AN vrn-Al/vrn-B1/Vin-D1 , TEAFRLAE B AH G
Pin {31 5. FE B Pina-D1a/Pinb-Dla , {EF %
B A I Myb10 £ 5509 B D JER 4L 1 R Diig
Al AR PIAES 2 18 B PXT 4 DN FF RN
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Vrn-DI . Pina , Pinb F1 Myb10 #17 CRISPR/Cas9 &
PRl i, BT 2R 90 /N A R e o B, DASBI SR VLT R
ML 2 AMER KN Z R F TR R ™ Uk
DRI INAE S5 AE A

1R i

1.1 iRIEH

Y72 18 M5 HL T o) i X ARl Bk 2 A 52 T
B IOCTT S5 3 = 7 22 50/ A TR R 4 4 52
. BER 199 yE B2 At/ dr v E R B st A%
5REHEYZIITE I, AT X B
Fir, FER iR pLGYE-03 1L R4 4l B2 b
AR A BA R AL
1.2 ERRERENEE

MI% 4 18 RS/ Vin-DI  Pina , Pinb F1 Myb10
RGP TEL R 2C 2 CRISPR-Direct P (ht-
tps://crispr.dbels.jp) , FHEAG “NGG” 2 JF 1Y PAM
P, A BB B ] 5 RNA (sgRNA) , Hiep 4
XF Vin-DI SEFBETE 2 AN SEARNL AL, —F A IE 4 592
bp; £1XF Myb10 FEH B 2 A FEAR 2, — 35 AHEE
154 bp; 7€ Pina Pinb 2 A~3EH &AW 1 N HERAL
MR, FEBTHIHE T sgRNA PR I8 48447
SIAE A 5 W, 16 pMETaU6 #% 4K o 7 3 [8] i
“sgRNA1-U6 3 31 F-sgRNA2” Fr Bt JH R IR 41 )y
B3 0¥ Vin-DI  Pina/Pinb Myb10 /) sgRNA 4 4
Wi dmiR 2K pLGYE-03-Vin pLGYE-03-Pin pLGYE-03-
Myb10, 53 BTk ST 1) 35 DRl G s A e Ak
F2 KWRFAM

Table 2 Primers used in this research

®1 ERRENESFT
Table 1 Target sequences of edited genes
WL R LA FF(5'3")
Vin-D1 sgRNA1 TCGAGCGGAGATGGGGCGCGGG
sgRNA2 GCGCTACTCTTATGCAGAAAAGG
Pina sgRNA1 GTTGGCAGTTACGATGTTGCTGGCGG
Pinb sgRNA1  GCCGACTGCAAGTTCCCTAGTGG
Myb10 sgRNA1 GCACGAGCAGCAGCCCGATACGG
sgRNA2 TGGGCTTCCTGATGAGCCCGTGG
S A IR Sy 2R PAM (4,
1.3 ERFEFEEGHHRN
FIF bar FEPRIRGIN G 9 (35 2) Kl T ACAE AR Y
gL, 71T A R LR LMl B2 B 2 AR e 14T A4
fit, PHERRT N .94 C AR 3 min;94 CAEME: 30 s,
55 CiBk 45 5,72 CHEMH 1 min,35 MEH;72 °CIE
110 min, I 1935 BE MRS FL VARSI H AR 5500
FH e 2 i AR PR RSP 5 (HI-TOM ) fY 5 3 2370
FEHR T Vin-DI . Pina , Pinb F1 Myb10 & H 4 5 41
SLTEATAGI AR Al JE DR S o0 A0 51000 00 32 7 9] 34 14
SHEGIYI(FR 2) . XEFE ARSI TE 1 8 PCR
Py YRR .94 C HALYE 3 min;94 °CAEE 30 s,
55 CiB k45 5,72 CHEAH 1 min,35 MEHR;72 CIE
110 min, 7E5ESPE 5190 188 0 = a0y 4k
(FEZLEM 51 9 B4 220 5 0« 5" -GGAGTGAGTACGGT-
GTGC-3"" 47 Wl 51 ¥ 09 A7 M s Jin < 57 -GAGTTG-
GATGCTGGATGG-3"") ., VL% 1 # PCR F=4¥) M
B, #EAT5S 2 % PCR §714  PCR ¥ 1A 7 [R50 1 %2,
PR B T s Y

LB S ERSIFH(5'—3") RIa 519751 (5'—3") Jjibzs

VRN-TI CCTGAATTTCAGATTCACTT AATATCTAGTCATTGGAAGT Vin-D1 #0451 78 S A6
VRN-T2 GATCTCGTGCGCCTTCTTG CCTACCCTCCAACACCGG Vin-DI1 #5228 A6
PINB CAACCTTCGCGCAATACTCA TCATAGATCATCACTCAGCACTC Pinb 58 A6
PINA AGGACTGCTTGCTCTGGTAG ACAGGGCATTGTTGAGCAC Pina 8 5548 5 A D
MYB10 TGGGCTTCATGATGAGCCCG TATCGGACTGCTGCTCGTGC Myb10 ¥ 15 78 SR
bar TCTGCACCATCGTCAACCA CAGAAACCCACGTCATGCC 8o el

14 AREXBEFRREZNRBELETE
TE/NZZ IR T WRAY Vin-DI 455057 9 5 2 A0 1

HIEAS, 70 LUBF A= B 7 A2 18 &R/ N il AR A

199 VENBEME AP/ NEEXT IR S | 62 &% S 8

FRRE R

K HI# L Perten 23 w1 Perten 4100 %Y FRL 75
B 3k 1L ( Single kernel characterization system
SKCS) M 7E AN [6] Pin 5 PR 2 6 )5 A A4 668 32, B4~ G
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BRI 100 BTN , AR e 25 4, B
TE A B G 5], B 45 < 40. 00 Ay M 3R 22 A
F5%0>60. 00 14 A 5T 47 | 1 FE 48 %R 40.00 ~ 60. 00
IR G2

135 Myb10 %GB F 150G , B EEAFRL
gt , B3 18 Bk 199 1E R4l fe/NAz B
AN RE
1.5 #HiEaE

H Excel 2021 #4745 48 % 38, Ji| IBM SPSS Sta-
tistics 26 FEATEMETTA T 2200 Fr fLie B ERE 56,
/N 35 25 577 (Least significant difference , LSD) #f

500 bp

250 bp

TLE .
2 ER 50

21 TRERFEBEHRFRESHEE

FIH bar FE R IARICRT T ARSI T 2055 &
MYEE . AR IR TE 55 A Vin-DI & [F 4 48 AE Ak
HILA 47 A BRI AT A &, 12 30 > Pin 2R
AR IR P L AG ) 24 A BRRR IR S AR &, 7R 29 4
Myb10 FEIN G AR bk p LA 22 /> BbR 4217 20 5
o WK bk g e B R SRR R TR S A
87> T AU bR i G M e A R LI 1,

~— bar

M 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
M:DL2000; 1 ~32.:#4) Ty Cas9 HiHARIE
E1 #o TRERFESLEEER
Fig.1 Identification of partial T, generation Cas9-edited plants

2.2 REBEHRNST

2.2.1 Vin-DI %4 F4regtenl  F Hi-TOM i &
W HARXTS Vin-D1 Gt 1) T, AR BR Y 2 438 ik
PO o3 M TERE A 1 AR SEAG I 2 4 4> i 4 AT
A58 vin-1-1 vin-1-2 _vin-1-3 .vrn-1-4, . , VIn-
1-1 TERIGE T ATG BT A& A= 13 bp BT AL B
3R RAE[ /I3 DAL IR 2 M (SNP)
vrn-1-2 7€ ATG 4k % 4= 1 bp BB LB 5 vim-1-3

vm-1-5 - -----------

vin-1-4 7ER0 S AL BIAELE 1 bp B[R BB ESE A, LA
- 4 FhI AR B AL R 1 TR AR R SRR, TEAD
S22 ARSI R 2 A g 435 vin-1-5 vin-1-
6. P vn-1-5 7E M0 S A0 K A 21 bp 191 Bk
P AR = A RS 28 7E 5 vim-1-6 16T S AL B AFAE 1
A~ SNP, A AR ([ 2) , L4 2 AN A5 A i
S5, LT F] 6 Fh o AR A W HoAiw 44 O vnMI ~
vinM6 (% 3)

__________ AGG 21 bp deletion

vin-1-6 GCGCTATTCTTATGCAGAAAAGG 1 SNP
WT GCGCTACTCTTATGCAGAAAAGG

oo exon3~exon8

LYy

WT C CGAGCGGAGATGmGG

175118 [ — ACGGAGAT-----CTCGCGGG 13 bp deletion, 3 SNP
vin-12 CTCGAGCGGAGAT--GGGCGCGGG | bp deletion

vrn-1-3 CTCGAGCGGAGATGGGGACGCGGG 1 bp insertion
vin-1-4 CTCGAGCGGAGATGGGGGCGCGGG 1 bp insertion

vin-1-5 vrn-1-6 .vn-1-1 vrn-1-2 vrn-1-3 .vin-1-4 FoRMEEZAL, WT FR% 4 18;SNP TR AL HHRZ 51, s insertion FE/RTH A ; deletion F/s M5 ; exon

FIRINE A BRI L BPAIBR . SRR N R PS5

B2 vm-DI ERSBANERFS

Fig.2 Variation detection of target sequences in Vrn-DI gene
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R3 Vrn-DI REGHER
Table 3 Types of Vrn-D1 mutants

R ErE=E s TR HA
vinM1 vmn-1-5/vn-1-2 AT
vinM2 vn-1-5/vm-1-1 ol 27
vinM3 vm-1-6/vn-1-2 AL
vrnM4 vin-1-2 [ ACEE
vinM5 vrn-1-3 Rz s
vinM6 vn-1-4 (AT

2.2.2  Pina Pinb 3 %5 F4Fe AN F i E )
FHEARXE Pina  Pinb XU &8 A4 BF 3517 G %8 =F2F O A6
W, FE Pina #5540 E I 3 g3 1F, 7338 pina-

1 .pina-2 pina-3; 7E Pinb #0554 A& B0 5 >4 =1
3524 pinb-1 . pinb-2  pinb-3  pinb-4  pinb-5 (& 3)
,ﬂ\:‘:fj,pina-l TERE S AT 1 bp B"Jf}ﬁ%ﬁ/\;pina%
TERLSANAAAE 1 bp BYBRIEGK ; pina-3 TR SAMAATE
11~ SNP .1 bp BFEERIFN 6 bp BFEdH A, LI E 3 Fh
GRAS ) FEUEI A T R RS 5 . TE Pinb Sl
f 5L, pinb-1 7775 1 bp BYBHELH A, pinb-2 7F7E 4 bp
AIBIESIK | pinb-4 £77E 5 bp BIBEIEERIS , pinb-5 77
TE 4 bp MBREESE . LLL 4 PR AR S EUERAS 1
JR AR SEAE . pinb-3 TERE AL AFTE 6 bp HYBAE
G R RS E AR AR RA, G 2 M
S PS5 R, T3] 5 Fhali 50 Pina Pinb X4
2, fir % HpinM1 ~pinM5 (£ 4)

pina-1 GGCAGTTACGATGTTGCTGTGCGG 1 bp insertion

pina-2 GGCAGTTACGATGTTGCT - GCGG

1 bp deletion

pina-3 GGCAGTTACGATGTTGC- -GTCTCTACAGG 1 bp deletion, 6 bp insertion, 1 SNP

WI' GGCAGTTACGATGTTGCTGGCGG

LI

()
B

WT  GCCGACTGCAAGTTCCCTAGTGG
pinb-1 GCCGACTTGCAAGTTCCCTAGTGG 1 bp insertion
pinb-2 GCCGACT-- - - - GTTCCCTAGTGG 4 bp deletion
pinb-3 GCCGAC------- TTCCCTAGTGG 6 bp deletion
pinb-4 GCCGACT- - - - - - TTCCCTAGTGG 5 bp deletion
pinb-5 GCC- - - - - GCAAGTTCCCTAGTGG 4 bp deletion

pina-1,pina-2 ,pina-3,pinb-1pinb-2  pinb-3 pinb-4 pinb-5 F/R GBI, WT RN 18;SNP TR AL AT R 2 A7 ; insertion RIRHH A ; de-
letion F7R M BR ; exon ARSI T 5 — 7R BH i 7 A 1 7 S B2k 5 _FRom DR 7 AR AP 91 22
B 3 Pina Pinb ERBRTRF

Fig.3 Variation detection of target sequences in Pina and Pinb

F4 Pin REMHER
Table 4 Types of Pin mutants

XF Myb10 J 5 B4 B AT G i S5 R B RS, &5 R R
W1 AE Myb10-3B L= #0051 F77E 2 g #a
2 P73 AR (B 4) o Z2A 2 AR AP
G50, LA ) 4 PR AR 2R 43 00 S Myb3BT1
Myb3BT4, Myb3BTI .
Myb3BT2 j=A4: T HE[R] L 58748 Myb3BT3 j=4: T #6%
RAF(5), 16 Mybl0-3D b HB 5 1 AR K I ) 58
AR 2 R E 3 A (I 5) . Myb3DTI
Myb3DT2 7= T R[] L 248, Myb3DT3 7= 4= 1 [A] X

AR RAEAY L RS TR AR AL
pinM1 pina-2/pinb-1 PEATE
pinM2 pina-2/pinb-2 ARG Myb3 BT2. Myb3 BT3 2:]]
pinM3 pina-1/pinb-1 AT
pinM4 pina-3/pinb-3 AR
pinM5 pina-1/pinb-4 PATEU
223 MyblO %% F4-ehkem  HEEENTFEA  RAE(EKS).



TS BT CRISPR/ Cas9 BFAHHE AR M R 18 RE 5 MR 1471

myb3B1-1 GCACGAGCAGCAGCCCGATACGT | sNp

myb3B1-2 GCACGAGCAGCAGTCCGAATACGG 1 SNP, 1 bp insertion
WT GCACGAGCAGCAGCCCGATACGG

\/

LS|
exonl exon2 l
5 3
Myb10-3B ﬁ/ /L — ——— exon3 —

U2

/ \

WT
myb3B2-1
myb3B2-2
myb3B2-3

TGGGCTTCCTGATGAGCCCGTGG

TTGGCTTCATGATGAGCCCGTGG 2 SNP
TGGGCCTCATGATGAGCCCGTGG 2 SNP
TGGGCTTCATGATGAGCCCGTGG 1 SNP

myb3B1-1,myb3B1-2 myb3B2-1,myb3B2-2 .myb3B2-3 F R4 M, WT F/R4% % 18;SNP /R BT R 2 A1 ; insertion /-1 A ; exon
AN T R G = A 1 T 5 2878
E 4 Myb10-3B EREETRFET

Fig.4 Variation detection of target sequences in Myb10-3B gene

Vin-DI1 FER G R WL S R, & 9 R 7E
44 52 0 S ) ) BRI, 5 AN SRR R AL 199

R5 Myblo RI{EHEE
Table 5 Types of Myb10 mutants

Sl A RAFRSIN  efyl TR 18 7R SR () . 7
Myb3BTL myb3B2-1 A X5 AN B i R 542 18 Mbk & 45 17 K
m -1/myb -3 ENEES — - NN
O Ay BE. AR 6) R, (L vmM6 it R 19 bRRS 154
Myb3BT3 myb3B1-2/myb3B2-2 B . . et
! ' ' o 2 18 M LL2E 5 W35, A it 28 (0 55 2 T K 1Y
Myb3BT4 myb3B2-3 ] SL g8 e . -
Myb3DTI myb3D-1 JE I X G BER T2 18 5% vinM5 LIAMNHAY 5 Fhdn e &2
Myb3DT2 myb3D—2 5”5151 X%/ﬁ H/‘J% 4 dﬁlﬁjﬁgmigﬁ%,f&ﬂ:%i 18 5 %éﬁiﬁ% E/‘J
Myb3DT3 myb3D-3 IF] X2 ts 5501565 3 565 5 W R R S W AR AR L3 TG e 2

St LIREUREM RN Vin-DI BIA R AL 2
iR R R R 22 5, HIX PP 225 ERORA T
XFER 2 5 4 IR BRI

w

23 EEHREZHNRBLE
23.1 Vin-DI 8B 2 RLEKIM HLERE

WI GCACGAGCAGCAGCCCGATACGG

\¥ /

L1

exonl exon2 1
5’ 3!
Mybl10-3D —/ /L — exon3
2
WT ACCTGGAGGGCATCGAGCTGGGCTTCATGATGAGCCCGTGGAGCGGCGGCGCCGACGG
myb3D-1 ATCTGGAGGGCATCGAGCTGGGCTTCATGATGAGCCCGTGGAGCGGCGACGGCGGCGG 4 SNP
myb3D-2 ACCTGGAGGGCATCGAGCTGGGCTTCATGATGAGCCCGTGGAGCGGCGACGGCGGCGG 3 SNP
myb3D-3  ATCTGGAGGGCATCGAGCTGGGCTTCATGATGAGCCCGTGGAGCGGCGGCGCCGACGG 1SNP

myb3D-1 ,myb3D-2 myb3D-3 F/R ST, WT F/R 4 18;SNP KRBT TR Z A s exon FIRIMILF 5 _FIR R Gl 26 1 )7 51 9728
B 5 Myb10-3D EREEERFTI
Fig.5 Variation detection of target sequences in Myb10-3D gene
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1.2:45% 18;3:vinM1;4.vinM2;5 6. B4 199,
6 Vrn-DI ERKRBERERALE
Fig.6 Seedling phenotypes of Vrn-DI editing lines

2.3.2 AR EAR KK B 4 A AT R AR B A R W6
e XF 5 Pina  Pinb XU 4E 28 304700 2 A9 &

F6 HEBRMRTARZHR

Table 6 Agronomic traits of wild-type and mutants

HE 7 JUES, SEAR(WT) M, pinM1 ~
pinMS5 [RFF 7 A 5 35 I 35 14 5 ( P<0. 05) , i E 45
B 50. 00, F BN A i 27 w5 IR A £ RRE, K
W pinM3 58 AR A B M 8 i 6 B X kPR 2R AT R
VINREE & 3L, B AR Al 22 18 B B A0 B T 4R
HE T A 4 i 2R B0 RERE 24 52 B £ 5 B2 £ T

fECE 7).
233 Myblo AR BB A LRE Y Ha X

Myb10 5 [H 45 G 8 72 0 o g B 8 0 A 7R 88 B, B
Myb3BT4 Myb3DT3 iX 2 AR L 5 AR AR5 T
Yz 18 NEL AR fe Hb | A i B8 28 /N 22 1) b Jg 23
IR, Mybl10 i 2 R0 F 28 LAY HL f 2
RULE 8,

S N 51T 2 R 55 3 TR 5 41T 55 R
(em) (em) (cm) (em) (em) (em)

wT 90.3120.94a 5.11£0.32a 9.17x0.16a 11.94+0.27a 19.56+0.31a 29.630.44a
vM]1 87.83x1.01a 4.73+0.31a 7.65+0.13b 12.59+0.26a 18.22+0.20h 29.70:0.34a
vinM2 88.29+3.13a 5.09:0.54a 7.70£0.37b 11.79+0.75a 17.9520.73b 29.37x1.25a
vmM3 88.00=1.04a 3.7220.37a 7.95+0.29h 12.28+0.25a 17.62+0.54h 28.600.4%
vmM4 89.00+2.08a 5.55+0.83a 8.08+0.32b 12.63+0.89a 18.28+0.78b 29.87:0.37a
vmM5 85.3320.67a 5.07x0.52a 7.96+0.11b 10.73+0.17a 18.95+0.68a 28.570.73a
vinM6 81.00+3.14b 4.48+0.57a 7.24+0.44b 11.65+0.26a 17.50+0.99b 27.65:1.05a

WT: %2 18;vmM1 ~vmM6 WL3 3, [RIFIEE G b A Rl /NG TR IR 225 .35 (P<0.05)

®7 REERGEFERFREE S

Table 7 Analysis of grain hardness index in mutant and wild-type

seeds
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Fig.7 Seed cross sections of Pin editing lines
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