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FE: ERARFRI B AR H A E i mh | 3 F AW S AR ST TR F A B AR —, KRR RLidad A
JA CRISPR/Cas9 A& F % 4 x5 dy Rk K Fik FagdaAbiaag 15 5 (XY15) 347 AP 2 B, BnaFAD2 #= BnaFAEI 7% i B3 &
PR e I oy 8% Ao AR K 4 S I R 0 B A 24 L B, ) B CRISPR/Cas9 A B % 4 2 42 5 F b LB KR4 4, s d ik
A ¥ XY15 # BnaFAD2.A05, BnaFAD2.C05 | BnaFAE1.A0S = BnaFAEI.CO3 B iy 347 2 B 4 4%, 3513 T 74 TO K 4 &
P AR, B ¥ R B UM 5, R I RA AR R, Km, £ T RAAR T LIS 2] T AR %369 8 4, BnaFAD2.
A05, BnaFAD2.C05 | BnaFAE1.A08 #= BnaFAE1.C03 % % 3k B % 3 3L % 5 %) 4 38.89%.27.78%.22.22% . 30.56%. F& T2 X,
HART, HLB T SHAAREARHLAT £, ARINRARE K EHRMH Cas9-1-12-4, Cas9-1-12-5, Cas9-2-7-11 Cas9-
5-5-3, Cas9-6-6-1, AT #I AR X B A& 4 68.69% . 80.16% . 75.82% . 75.97% . 74.37% , 4846 T E A A XY15(Aas B & & A
62.04% ) M H LERE .
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Creation of New Germplasm of High-oleic Rapeseed
Using CRISPR/Cas9

GAO Xie-wang, TAN An-qi, HU Xin-chang, ZHU Meng-yang, RUAN Ying, LIU Chun-lin
( Hunan Provincial Key Laboratory of crop Epigenetic Regulation and Development/Agricultural College of Hunan
Agricultural University/Laboratory of Crop Metabolism Control and Metabolism Engineering, Changsha 410128 )

Abstract: On the basis of low-glucosinolate and low-erucic rapeseed ( Brassica napus ) , to obtain stable
high-oleic rapeseed is one of the current important breeding objectives. In this study, CRISPR/cas9 system
was used to improve the variety XY 15 selected by Hunan Agricultural University. BnaFAD?2 and BnaFAE] are
two key genes for the conversion of oleic acid to unsaturated fatty acids and ultra-long-chain fatty acids. The
CRISPR/Cas9 system was introduced into XY 15 by using highly efficient rapeseed transformation technology.
with BnalAD2.A05, BnaFAD2.C05, BnaFAE1.A08 and BnaFAEI.C03 simultaneously edited. Through target
gene cloning and sequencing, it was found that no gene editing occurred in the 7 TO transgenic plants. However,
gene editing was found and detected in T1 plants. The total gene editing efficiency of BnaFADZ2.405, BnaFAD?.
C05, BnaFAEI.A08 and BnaFAEI.C03 were 38.89%,27.78% ,22.22% and 30.56%, respectively. In the T2
plants, 5 mutant plants with no exogenous genes and 4 target genes edited were selected, named Cas9-1-12-
4, Cas9-1-12-5, Cas9-2-7-11, Cas9-5-5-3 and Cas9-6-6-1, and their relative oleic acid content was 68.69%,
80.16%, 75.82%, 75.97% and 74.37%, respectively, which were significantly higher than that of the wild type
XY15(62.04% ).
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W A3 = ( Brassica napus L. ) & 3% FH 3 5

I RHEY 22—, BE 2 A 3G K B 32 8, A% =
it JR S B 7 SR R W . Matthaus %5 BFSE
W SR B IR W RR 4 o EEE T R, AL dE kA
iz R R AR I R SRR IR . T BRI R T
M2 IR O R, SRS B BT . RS
T YD R TR B A3 AN SCA R AR AR ot 98 v R
B, RO I f R 3 T R o R SR AN 5 4R
AR B, PR TR A, ELSHEEL e R v, B
EYIN R S B IR A R, R
A AR 25 18] . — S 5 i 5 R 25 10 A FAD2
( Fatty acid desaturase 2 ) /FEHfEALIMAR & BOI IR
FAD2 J& 7= A= AN FAg 15 R 110 6 B il 5 — 25 Bl s
JI7i 12 4iE K i FAE ( Fatty acid elongase ) ;J= /£ #5 K K
T BRI K BERS TR . Katavic 2"l Ohlrogge
LS DR N DT R 4 ST U B I 2 R B PR A
I R 4iE < T ( FAE ), Hrp s 7 2 4 K i 1 (FAEL )
SRR HE NS WTIR & R A PR . BnaFAET il 3%
H L AR A A T R A R K B N T TR ) K
JEPH A, (] B € A T B I S BraFAD2 5
BnaFAET PRI R n] BE $2 = H 4 80 3= v 1) dih 7R
o

H i, CRISPR/Cas9 %t [N 4 R EL 45212
& o Jang 2513 1 #0528 A8 BnaSDG8 HiA% T
HATRAE R H P AGM3E, Yang 251 F LA
iR AR FE BnaCLACATA XM R Iekr b R &
(520, Okuzaki 25" X%f BnaFAD2 HE47 4 4K 15
TR ik 80.0% B H W RIS bk, Abe 251
X} OSFAD2 47 He A g 45 e 1 /K Fef rhah iR & o,
Amin % X} GmFAD2 BEAT 3 DN GOk AR K E
HM IR 1 & . ASBIF5E R ] CRISPR/Cas9 i [
a5 B R T A 3% XY 15 /) BnaFAD2 5
BnaFAE] [R) 5473 P 2, DA R A 36 PR A RS
{14 e THTR T SRR R o R
1 MREFE
1.1 ##5iRFH

# 4K My & i 75 B9 pY LCRISPR/Cas9Pubi-H XX
JLF IR HAK, DL & pYLsgRNA-AtU3b, pYLsgRNA-
AtU3d Rl A, KIGAT A2 2 Trance-T1, AR
RFTF AR GV3101 B2 S 4, XY 15 i+ H ¥
FAAOME A A A 5 A TR S g == 4R At
I A B DNA 7 35 S RHE AR (e )
JREAR A BN FI SE A

1.2 BnaFAD2 5 BnaFAE] {884 5 F 5 BYE 1T

TE I 32 B0 ¥ JF (http: //www.genoscope.cns.
fr/ brassicanapus/ ) "1 43 54 &K 3| BnaFAD2.405
( BnaA05g26900D ). BnaFAD2.C05 ( BnaC05g40970D ).
BnaFAE1.C03( BnaC03g65980D ) . BnaFAEI.A08
( BnaA08g11130D ) 4= 3£ K ¥ 41, i i CRISPR #1113/
J T AE 28 W 3 (http: //skl.scau.edu.cn/targetdesign/ )
P& B — Bt fii T | 3% CDS IX 38 N, CG% % & (1)
19nt+PAM ( NGG ) 1E I #
1.3 BnaFAEI 5 BnaFAD2 WER kM

i ot 31 51 % (3 W http: //doi.org/10.13430/
j.cnkijpgr20191211001, Bf 26 1), 4R #5452 4R
BEA TR R A, 25 I A5 N 22 SR A 1 o 45
1 uL BnaFAEL.F /R( 100 pmol/L ), 1 pL BnaFAD2.F/
R( 100 umol/L ), 45 i 1 uL T4 % % [ buffer £1 8 uL
ddH,0, 37 °C 30 min, 95 °C 5 min, ¥ & 2 A 5158 i
B K, sgRNA A £l 45 : Bsa I Y] pYLsgRNA-
AtU3b 5 pYLsgRNA-AtU3d £ {7, 7= ¥y [l Ui J5 %
U3b-BnaFAE1, U3d- BnaFAD2, T4 %4/ % $2 4
3k B Y A KGR, S BUTRL, BT E
&5 sgRNA ik & W EFY) - % 4% 0 : Bsa 1 i)
pYLsgRNA-AtU3b-BnaFAEL, pYLsgRNA-AtU3d-
BnaFAD2 5 pYLCRISPR/Cas9Pubi-H J5i #i, ;=4 [v]
WU I T4 SR E 4 G2 Y N2 8K
177 AR 3 M4 e AN VS g T i B RN 87
Z BRI E (GV3101 ), i SP-L1/R ¥E47#i 7% PCR
NS
1.4 HIERMIEMEERL

B XY15 Ff T2 1T 75% £ BE 1 min, fill A
25 mL 0.1% FHORE W 1R, 32 15 min, KH
TKUEA S BT 1/2 MS 35 rh , s
357 d. B4, VIEL 6 mm Ao A5 B R IRERAE R A
T, FH & A S AL SR AR AT IR TR R (OD=0.4 ) 12444
P 20 min, 7 AL AE R SR 5L b 8 T 24 CREEE 7
2 d; FALEE SR A ME IR A B E R R a4
BRI SR, 2 21 d; B 0 Y A 2
LU AR5 R SR E SRty s gk rh
F%, 29 30 d; VIHRS) 2856 N5 FAR ML i 55 5 3k v
AR R E TR b R IR AN,
1.5 HERERNETESHEMRNRN

CTAB JAHEHR TO fCHTPEFE L DNA, H] SP-L1/
R G| PRI A5 R SR CIRL 1 ) O e At I O
FIRIAEYEE : F SP-LI/ R 519784 T PCR Al e 240
JEARI AT ES I FHARR RS s R 1 4 -0
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O 21 %

B R B R v AR, e NIBSZ S RIHT I, Pk
4 A BRI , DU A8 s H] DNAStar7.1 i
TTFFNS L, G5 R —Boh Al G A8 2 G LS
Y AR T AR R T S4B Fh . 75 T2
ARAE I 26 £ 0 A R 5 ol AR, R BR S se  o0
BN ERAR R LA R TR o e AR v o
1.6 HEMFEFREBRMNRIRSENSHENNE

B AR EAS H YRR, B 100 mg il =% 7 F
1.5 mL B0 A BRRANER , =i B4 ST
(60HZ,90 s ) ff%; A 800 uL ZFk: Al (1:1),
400 pL 0.4 mol/L KOH- B! [ % ¥, it & 4 h; A
500 pL 7K, 10000 r/min, 1 min, &5.0>43)2; HL 200 uL
B, AN 400 uL 2Bk, PH TS AR G T

Jigt 0 P 1 = W T AR/ (0 T B BRI - P bR I
L) x 100%.,

2 FHERESH

21 HEEHNEESHEAFERN

FH SP-L1/R 5| 9 PCR H 3k A& M (& 1), A< 3K
B IR Y 715 ANIME MR, RIS T 24 #RPUHET
TG IE R R 7 BR, AL RN 0.98%, Xt 7tk
SRR 44 H I R B M IEAT R TR
Wy, B8 TO FCAR AR T A7 s B R R A g . AE
T AN ph ST Rk By 84 A T1 AR Bk v, 460 21358 43
AR AN B 28 Hac il 2, T L—
AR AR B 03 5 A g, FRATT TS SR AR B
AN TR AR AEL R Bk 1 3508 - M Ak 1 47 4 5 1) i

B I B0 A I (TF D http : //doi.org/10.13430/j.cnki.
jpgr.20191211001, fff £ 2.3.4.5.6 ), TEfL 1)
R 1 XS S R 88 A g Y B Cas9-
5-5 ) BnaFAD2.A05 , HoAth %2 1 4 4 19 §E 7 51 1 oy
ey g (CHorp 1 AN 3R A AR GRS ), Bt
FJE 1 MR R L A it . 4 DR R
FE PRI 4 8 R0OR B ARR —, O 12.50%~50.00% (3
1), T1ACH BraFAD2.405 50 5 51) S 1) 4 B 550%
41 38.89% , BnaFAD2.CO5 (1)} 27.78% , BnaFAE.
AO08 [} 22 .22% , BnaFAEL.CO3 [} 30.56%. 1E
4 AR Z T B O [ A LA AR A AR Cas9-1-12-4
( AaCcelelE2e2 ). Cas9-1-12-5 (aaccelele2e2 ). Cas9-
2-7-11 (aaCcelelE2¢e2 ) . Cas9-5-5-3 (aaCcelelE2¢2 )
Hl Cas-6-6-1( aaCcElelE2e2 ), I 1488 Al

-+ 1 2 3 4 5 6 7

8§ 9 10 M

- + 1112 1314 1516 17 18 19 20 212223 24 M

—: PRI+ BHEEXT IR
1~24: PAGI i TO AT s M: DNA marker. 7]
—: Negative control, +: Positive control, 1-24: Samples of
TO plants, M : DNA marker. The same as below

B1 T0KEEES PCREE

Fig.1 PCR identification of transgenic plants about T0 generation

&1 T1IRERFEBR

Table 1 Targeted mutation in T1 plants

o e e OO e gpammcs mmmmra
. Number of plants . Number of Numbers of  Number of mutated .

Target gene T1 lines . transgenic plants Mutation rates

examined . sequenced plants alleles alleles
examined

BnaFAD2.405 1 12 7 5 10 3 30.00
2 12 8 4 8 3 37.50
5 12 7 5 10 4 40.00
6 12 9 4 8 4 50.00

BnaFAD2.C05 1 12 7 5 10 2 20.00
2 12 8 4 8 3 37.50
5 12 7 5 10 3 30.00
6 12 9 4 8 2 25.00

BnaFAE1.A08 1 12 7 5 10 1 10.00
2 12 8 4 8 3 37.50
5 12 7 5 10 3 30.00
6 12 9 4 8 1 12.50

BnaFAE1.C03 1 12 7 5 10 3 30.00
2 12 8 4 8 2 25.00
5 12 7 5 10 3 30.00
6 12 9 4 8 3 37.50
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22 FRETMEHEEERRS BBERRZ EREN
R

SR B 4 SP-L1/R X T2 {4 A% £k i 47 3%
i PCR K IV i B 75 5% [ 28 43 B A% O, 1B B A/h 5 35
BB A 3 BRIk (& 2) 5 HRox T2 AR AR R
TEAT R 5 G ) S O 10 L e e 1 0 1
ML — AR BT ok 0 58 AR AR A bk : Cas9-1-12-4
Cas9-1-12-5 . Cas9-2-7-11 . Cas9-5-5-3 F1 Cas-6-6-
1o W 3 AXER I, FATIRAT T 1 BRICHMIE % 2
PR AR 43 H kA A R0 TR 4 6 1) 4 58 A8 AR A
Cas9-1-12-5, 3 F [H 4 1% &0 W1 T : BnaFAD2.405
Bk T2 AHE 3 (2d) ; BnaFAD2.COS#i A T 14
Bl K (14) 5 BraFAELAOS B 2k T 2 4-Bf FE(2d ) 5
BnaFAEL.CO3 % ¥ T 2 A 3L (2t ). ILAb, H4x
4 PROS AR R A A AT FE R R s R A 4l A 1
(IR

A-+1098 7 6 543 2 1M

B 121 10 9 8 7 6 5 4 3 2 1 M

12111098 7 6 543 21 M

9 8 7 6 54 3 2 1 M

A: Cas9-1-12 BRARRIEEA ; B: Cas9-2-7 R R AUREAS ;
C: Cas9-5-5 BRRIHEAS ; D: Cas9-6-6 FRRRIHEA
A': Samples of Cas9-1-12 line, B: Samples of Cas9-2-7 line,
C: Samples of Cas9-5-5 line, D: Samples of Cas9-6-6 line
B2 T2H%EERE PCREE
Fig.2 PCR identification of transgenic plants
about T2 generation

A Cas9-1-12-4 B Cas9-1-12-5
ilnlaf ?égg:;ACGTCAG AGCTCA 2d BnaFAD2.403
elel: AG--/ 4 2 . ~
Allele2:CCCTACGTCAGCCAGCTCA WT m::::;ggg}:ggig:g:gggi Eg
BnaFAD2.C05 _
Allele1:CCCTACGTCAGCCAGCCTCAAGG 1 BnaFAD2.C05 . )
Allele2:CCCTACGTCAGCCAGCTCAAGG  WT Allelel:CCCTACGTCAGCCAGCCTCAAGG  1i
BraFAE] A0S Allele1:CCCTACGTCAGCCAGCCTCAAGG  1i
Allele1:CGTCGCCGGAAA-G-CTATC G« 2d BnaFAE1.A08
Allele2: CGTCGCCGGAAA-G-CTATCGG  2d Allele]l:CGTCGCCGGAAA-G-CTATC GG 2d
BnaFAEL.C03 Allele2: CGTCGCCGGAAA-G-CTATCGG  2d
Allelel: TGTCCCCGGAAAAGCCTATCGG 2t BnaFAE1.C03
Allele2:CGTCGCCGGAAAAGCCTATCGG  WT Allele]: TGTCCCCGGAAAAGCCTATCGG 2t
Allele2: TGTCCCCGGAAAAGCCTATCGG 2t
¢ g‘f?;;:z;_“ D Cas9-5-5-3
naFAD2.A05 2 405
Allelel:CCCTACGTCAGCCAGCCTCA 4G 1i i]”i‘:{:IDE(;gECTACGTCAGCCAGCTCA,, 2%
Allele2:CCCTACGTCAGCCAGCCTCA 4G 1i Allele2:CCCCCTACGTCAGCCAGCTCAAGG 2
BnaFAD2.C05 BnaFAD2.CO5
Allelel:CCCTACGTCAGCCAGCTTCA 11 Allelel:CCCTACATCACACACCTCAAGG 4t
Allele2:CCCTACGTCAGCCAGCTCAA wT Allele2:CCCTACGTCAGCCAGCTCAAGG  WT
BnaFAE].A08 BnaFAE] A0S
Allele]:CGTCGCCGGAAAGTATATCGG 2t Allelel:-GTCGCCGG--AAGCCTATCGG  3d
Allele2: CGTCGCCGGAAAGTATATC G« 2t Allele2: -GTCGCCGG--AAGCCTATCGG 3d
BnaFAEL.C03 BnaFAELCO3 o
Allele1:CGTCGGCGGAAAAAGCCTATCGG i Allelel TGTCG--GCAAAAAGCCTATCGG  3t1d
Allele2:CGTCGCCGGAAAAGCCTATCGG — WT Allele2:CGTCGCCGGAAAAGCCTATCGG  WT
E Cas9-6-6-1
BnaFAD2 A05
Allelel:CCCTACGTCAGC--GCTCAAGG  2d
Allele2:CCCTACGTCAGC--GCTCA4GG 24
BnaFAD2.C03
Allelel:CCCTACGTCAGGCAGCTCAAGG 11
Allele2: CCCTACGTCAGCAGCTCA4AGG WT

BnaFAE] A08

Allele]:CGTCGCCGGAAA AGTCCTATCGG 11
Allele2:CGTCGCCGGAAAAGCCTATCGG WT

BnaFAELCO3

Allelel:CGCCGCCGCAAAAGTCTATCGG 3t
Allele2:CGTCGCCGGAAAAGCCTATCGG WT
L0 ] A 5 B ERHA T RIZ R PAM (NGG ) v 55 d: B2 5 i A5 ¢ 64 s W2 X HE Gl 15 5 );
A B.C.D.E 2l ok 2 s AR MR A AT 45 2w 4R 1

The mutation sites are indicated in red, The PAM ( NGG ) sites are underlined and indicated in italics, d: delete,

i: insert, t: submit, WT: control ( XY15 ), A, B, C, D, E are transgenic plants we choose and their mutation types
3 T2 RiEHERNEBARRERRL

Fig.3 Target mutagenesis of each target genes about select plants in T2 generation

1 Kb

~1Kb

1Kb

1 Kb
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A = 21 %

2.3 MFEHESHOEHEBRAS ST

A 3 0 2 AR B AR 1 S i R B Tk
G RAH AR B R b, BRI R 1 S A AR E L 5
XY15 TG i 35 22 55 VIR & i S 0 2 5 T XY 15;
Y R Fr it 4 Ak B 2 K F XY 1S5 1 B Cas9-1-
12-5 AR PRAF B Hh Rl 192 114 5 o A S (I T
XY15 4b, HA A s AR R AR o — B M R 1Y) 75
K5 XYISHER(F2), WAL, 4G %78 R
¥k Cas-1-12-5 W) #B 73 g 5 B 20 73 0 B 7, oA
R S e i, M 80.16%; ViR . — ik J4s R 15
AR, 43 51 K 10.89% Fl 1.15% , Ui W 7€ 4l 4 58 78
A M Bk Cas-1-12-5 1, BnaFAD2 5€ 75 7] LJ i 37 i
MR 75 2 FEAK; BnaFAET 2875 W] DL — 1+ flkc 04 1R 1)
P PTG 5 0 7 30 3 DD T R T R R v R

x2 T2RMFESMEBRIBAEHERES 3T

., H:H Ak AaCe. aaCe Fl aacc ) 28 28 {4, Fo
IR AT S 3 = T XY 15 (AACC), HA i
MR & B ) i E AR T XY 15, AaCe & [R5 75 1R
AH HE T aaCc il aacc 4 28 A8 1 5, HL R L 7
T2 114) AFF RT3 1 ol S 90 B % PN AR AT W] R
Xt BnaFAD2 3-4E 5¢ 4 . 1%, H BnaFAD2.405 5
BnaFAD2.CO5 Z [a] HAE G & fw ) T Rz, H
A Cas9-1-12-5 (aaccelele2e2 ) Y — ik M R % i
FART XY15, ] GE K}y BnaFAE1.A08 F1 BnaFAEI.
Co3 Z a1y HAE & mAE . Cas9-1-12-5, Cas9-
2-7-11, Cas9-5-5-3 , Cas9-6-6-1 i) & i 1 ¥ W &
T XY15, il RE S th 28 A8 MR 1 22 AN 1 A S
(o= A R 3 N s A S Wik X A A Rl
1k,

Table 2 Analysis of oil content and some fatty acids in T2 seeds (%)
HA b - - . "
T‘ : HEp A AR MR IR AR B EAR
ransgenic
lant & Genotype Plamitic Oleic Linoleic Eicosenoic Oil content Protein
plant
XY15 AACCEIEIE2E2  4.58+0.06 62.04 +1.57 24.43 +0.55 3.73+£0.77 40.09 + 1.61 20.13 +0.38
Cas9-1-12-4 AaCcelelE2¢2 4.82 +0.65 68.69 +0.59" 21.80+1.36" 3.10 +0.49 39.28 +1.13 22.89+0.19
Cas9-1-12-5 aaccelele2e? 428+0.19 80.16+1.17" 10.89 +0.74” 1.15£022"  42.28+0.53" 19.20 +1.25
Cas9-2-7-11 aaCcelelE2e2 4.52 +0.04 75.82£0.36 15.13£1.09" 3.40 +0.93 43.90+0.26" 20.94 +0.83
Cas9-5-5-3 aaCcelelE2e2 431+0.09 75.97 +1.10" 14.05 +1.14" 3.07+0.51 45.13+0.197  19.20£0.17
Cas9-6-6-1 aaCcElele2e2 4.80 +0.90 74371277 17.26 +0.48™ 3.09 +0.35 42.92 +0.81 22.14 +0.67

. P<0.05,"": P<0.01

R o

LW 5T b, B A 1) W e S A
SSR A e Kz — 28 371 i i 15 £ A W S 5 25 1 1 i
BHED A, RILEATR L 2 8B FIHFE
AR FRAT LI B 2 AR R, i EMS AbBE
HEALMEE, IR TR & =1k 71% MY sEihiR 2878
RN R “Co BREHAAE XY 15 TR, 2645 1 i
TR fr BRI 91.5% M2 IR H R X B s ik
MR EAE R R PR AR RS , AR EARIRAEE I B
X354l i RNA THEEAR RINHITER BnaFAD?2
BnaFAD3 1 BnaFATB , 1 3k1% 1R & 55 T 80%
(G LM SR . 3 G RNA T30 8 R 345 1y 98 748
TR BEE & A B L D AT, SRR FiAT 5 B4
TR Tl 2 o S )2 A FH 1 35k R R R, BB TR
9~12 bp, £ — & 45 S, (H 2 B 80 ™ &2, T
CRISPR/Cas9 FE K g Hz A A AT LU H 9K 1)

REBLIS 38 W] LA S AR B AR h RAG AN S AT AT 411
VRBEIR A3 R SRR

LA RAEY) R T [R5 3 D4 ) D BB ELAME T, il
FHARAT H R PEAR 8 4 8E HARE 1Y 5 AR IR B T —
T AR AR T R R T A SRR O S U
DURS A AED) , LRI PR 2 (Rl AH BAE S o £
FEo FIH CRISPER/Cas9 SZHE H AR PR ) Sl Fh ol KL
JESERTIATHY, M REAAE T1 AR, # 2= J& To 1Lk fig
e FRATAE A B 2R, PPN X — R BR R G 75 5
FHRR . Wang 45 e 1SRN I
TH 4 A~ r R B0 A, 78 TO A% B R A 4 1 v, 4 4>
B 51 1) 98 735 450 % 5.55%~27.28%., Yang %52
FEH 15 B 32, He g TN 1A 22 8 D13 R
BRI A5 R XOCHE 5 A DX . PR S AE LR, 3 4
L TR A AN T) DL ) 5 A8 AR R o A DN AR 1 L 157
ik 5.009%~100%, H 4 K Z 8O A A A8 (54
WFSE 04 2 B 225 AR ), 45 2878 H i 0.6% 5 SUHE
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SUBOUT , 3 AL AR TR 45 DL A 28 AR R R o5 A6
TUAB R 1) L 13k 27.6%~96.6% , 214 9875 e 9l b T
F 5.9%~20.7%. XK VLG P31 4l A 58 AR R
POt E R, SR PAM X IR 2 ARSI £y e 2 FIH
AL B PAM [X 5788 K 5 /ME 2 W4 1,

LAt 9 56 T H 8 28 9 S 356 DR 4 4 S SR I R 4R
B, Sun %[mJiang A8 f ] ATUG J 3T %
Ja 8l sgRNA, CaMV 35S i sl T3k 5h Cas9, 7E T1 1Y
AR T4l B R AR R, A IS 75 22 4E T1
TR LAY B, 4k%E A A8 ik, Feng %' Morineau
L5 Wang 258 Rl R, CaMV 35S JE 3Tk,
Ubi i 8l T-9K 8l Cas9 i}, 2848 322 & A el pa I+ 4
AR HR T1 AR ARl BB A o7 3 PR 28 7%
Cas9 FH V20 M7 56 J5 311, TR B 4645 55
S5 AN L R G AR BB L TR 8.3% . Zhang %17
Tt SRR SRR ] 35S Ja 3R 3 Cas9
B, TO R4l 8 AR (AR EE o7 5 PRI 28 A5 1y LU A51] 2B
5. Bortes %78 i 1 %) He B SRR 4G SR g H—
S 2 ] e PR i 4R AR 1Y R 26 - @RNA/Cas9 e 1k 7K
F-, DNA B E R J) . AR, BT Ubi J3 85
Bl Cas9, Hil R LT B HEUEF%, 7 kk TO AL
Bt 5 DRI R 7 4 T U RIS 2 30 110 R P 1) o TR 285
— 35 (AR AN 2 G ), T AE T 1A PR ) e B
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