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—frP EMH F{EMNE CRISPR/Cas9 EF HIEBMEL
ik

cmA', AR, hEH, BRFF, HRI
(LR AR MR R R 5B SRR 22 B VT B 3113005 2 BTVT R AR kol 5 26 MyHs AR 2B Wi Hiidd 311300)

FEE: CRISPR/Cas9 FE K Fii 5 AR SR 4F o e Je b 8 ) — T B[R 7 s B R (HXT 4R CRISPR/ Cas9 2
DR B A ) G B B R AT A RSP Y O AT BE 2, AW SR Y AR 57— Rl L (R GBI 2 CRISPR/ Cas9
TGRSR T, ERATFED 5 F L& —Fik )8 87 (2S3) # 3 19 mCherry ZEG R F -5 L HAE Ry
VERESEIH , FF L2 i g 105 R L S0 FAD2 119 3 XA 7 31 5 SR J5 % 45 CRISPR/ Cas9 448 (1 30U RG T #1247 A I 2
50T ARG A A3 AT BT R B S R . 5 I mCherry TEGHE R 5 25 O FDF L — k4
P, R R b 0 328 BH 1 G 40 G 575 Ak 1 A AR B TG 3 DR 28 78 5 T R 1 i I 0 A 125 RE DR | oA D 4
CRISPR/ Cas9 i iy 2825 (4, T LUK O RS 00 s A i 4 2 /)N 28 B A i i 6 (9 28 4% | 9% 7 3R 45 11 CRISPR/ Cas9
FEP SR (54.5% ~ T4.1% ) 15 1 T 56 F 5 D9 975 10k 20 e Pl VK T2 345 I S AR (3.7 % ~ 15.4% ) o UM iz %
il CRISPR/ Cas9 J R g B AR A = 350k 5 T A7
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A convenient and accurate method for determining the efficiency of
CRISPR/ Cas9-based gene editing

ZHU Li-ying', ZHENG Yue-ping', XU Xue-zhen', DUAN Qian-gian', HAN Ni-sha’
(1.School of Agricultural and Food Sciences, Zhejiang A&F University, Hangzhou 311300, China; 2.School of Forestry and Biotechnology, Zhejiang A&F
Unaversity, Hangzhou 311300, China)

Abstract:  In recent years, CRISPR/Cas9 gene editing technology is a fast-growing gene targeted editing technolo-
gy, but there are few effective methods the evaluate its editing efficiency. The purpose of this study was to establish an ac-
curate and convenient method for determining the gene editing efficiency. In our assay, the mCherry fluorescent protein re-
porter gene under the control of a seed-specific promoter (2S3) was employed as a selection gene, and a gene encoding the
fatty acid desaturase FAD2 was used as the target sequence for editing. The editing efficiency of the CRISPR/Cas9 method
was subsequently determined through monitoring the alteration in the seed fatty acid composition of Arabidopsis plants sub-
jected to the gene editing. The results showed that the seed-specific expression of the mCherry fluorescent protein reporter
gene allowed us to quickly and easily screen for the positive primary transformants and the transgene-free progeny. Moreo-

ver, seed oil analysis enabled us to quickly and accurately identify the mutants edited by CRISPR/Cas9, including those

with a single-base insertion or deletion. The efficiency of

5 H H#1:2019-12-25 CRISPR/Cas9 based gene editing measured based on seed
EETE R HE B 5 KL 31 2016ZX08010003-003 ) oil analysis (54.5%—74.1%) was much higher than that
YEE B R (1994-) , 2, W R A M WL gE A F NG measured based on polyacrylamide gel electrophoresis a-

P AMIHARBIIE . (E-mail) zhuly_6545@ 163.com nalysis (3.7%—15.4%). The above results demonstrate

EHAEE A, (E-mail) 2yp860819@ 126.com the effectiveness and feasibility of the present method for
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determining the efficiency of CRISPR/Cas9 gene editing.
Key words :

CRISPR/ Cas9 F& K g 5 H7 AR AE S SERHF 58 F1 0
FHAFFE B A B AR 7 T — AR A M T H,
CRISPR/ Cas9 /-5 1) 3 [ 21 4 5 4 R 75 2L Cas9 R
1,5 HAr DNA J351 5 #MY 510 RNA (gRNA) DL
e HART S AETE NGG i (Rl B T AH 4B L7 ( PAM)
i 52 T H 2, CRISPR/Cas9 41 5 1% 3k A 4
iR 20 bp gRNA 38 2o S BC XK Cas9 4 R2
it S 1) FEAE A, Cas9 VI H AR A7 85 LA™ A5 XU 7 24
(DSB), #R J5 #£ DNA & & i #2 5] A % 7%,
CRISPR/ Cas9 F K 4 AR B Se i HE AR 53
AR R b RS e B TR (RS T L AR
R KRR INEE | EORAE) BRI R 1 4
e, B 2JF R T LR CRISPR #44 ] Ty 3
o>, CA 4R £ W, CRISPR/ Cas9 4y
S FE PR A AR AT AR A R A g e e e A
K PhIB AL S AR AR T 5w 1 SR A e it L
(5L R G S AR 1O

SR T it 5 32 DR 4 e A PR 5 () 188 0, e
PR A e ELAG T 5 722 1 BH PR A R O 6] 2 K]
GEAR TR, AR ) A T 3 o P O 2 T
R g H AR B & 8, TR, 7 e AR R FH 22 i, %o 5
—REE 1 G i AR EA TIPS A R R AR ) )z
I AN FERIEHTHY Cas9 & R FErh b 25 —
FPEAE TR Ik . R, TF R — R &

CRISPR/Cas9; gene editing; mutant screening; fatty acid composition analysis

5 HL 2 B RS I ik AR o

HATC £4iE 175 2 H T % %E CRISPR/Cas9
FE DR G R 9 AR AR 1) 5 ¥, AN 3R A g% ) (PCR) /
FELI G (RE) 6 vE")  T7 RN YIEE 1 (T7E 1)
K | Surveyor AZFREERG L | BT R 0 PR I
fift (CHRM) 43 BRI 3205717 {50 26 3k 7 S i
RN 2 B S sR iR m i mE, HEr, )™
T2 2R I A2 35 1 SR VR M T i 46 Jie i Yk ( PAGE ) 114 3
PRI A3 BRI | 2 AN T S TR AU AR P B
I FLBE T 5E MRS IR s Ab iy 2 A8 S R n] T 2
TEFTRAL T ] AR R R 23R (HR %0 kRt
TG DB 35 5 e B A R X R A R U
F, BHIL, A58 42 T — Fh & 20 Al CRISPR/
Cas9 Jii f 2R A A BB 5036 1Y) i, 1 Tk R AE 1 5
T ZAR AR R 150, %o i 3 A 4 A oA Bl 3R ) 2 72
A& TR ISR, IF B 7R 4 B, R
P H o T B A BT
1 MRS
1.1 CRISPR/Cas9 #{ikaigiE

FE Wang %5 4 38 (4 37 B (% CRISPR/ Cas9 4
AR R IR L TR T TGl R
DRI A e 8 R 7 B, DA K % Ol 2 11 i 45 3 IR B 3 AL
Pt B s K5 1P BN 1 R,

x1 5WF5IxE
Table 1 List of primer sequences

EIN J¥5 (5'—3") 32 I A
ZYP7-FAD2 CRISPR Cas9-FO TGTCGCACGGCACACGCTTTGGTTTTAGAGCTAGAAATAGC -
ZYP7-FAD2 CRISPR Cas9-RO AACGTTTGTCCTCGGGTGGCCCCAATCTCTTAGTCGACTCTCTAC -
ZYP7-FAD2 CRISPR Cas9-BsF ATATATGGTCTCGATTGTCGCACGGCACACGCTTTGGTT Bsa 1
ZYP7-FAD2 CRISPR Cas9-BsR ATTATTGGTCTCGAAACGTTTGTCCTCGGGTGGCCCC Bsa 1

ZYP11-At2S3 promoter amplification-FP

ZYP11-At2S83 promoter amplification-RP

ZYP12-BamH 1-EcoR 1-At2S3 promoter amplification-BamH I-FP  ATTCGCGGATCCGAATTCTTTCAGATTAAGCTGGC

ZYP12-BamH 1-EcoR 1-At2S3 promoter amplification-BamH I-RP GCACGCGGATCCGTTTTGCTATTTGTG

TTTCAGATTAAGCTGGCACAAC -

AGACGAGGAAGAGCTTGTTAGC -

BamH 1, EcoR 1

BamH 1

RHATR S AR IS | T R Zeik DL A

1.1.1  #M%3RE LB £ CRISPR/Cas9 H AR LI
FASTIE N ZH DNA MAEAR, LI ZYP11-FP 1 ZYP11-

RP A5 |9 8 Fp 7 e R E 10 4283 LA 3
F, R IK 8 mCherry R CHEHFZEKH, F S
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PR/ Cas9 J K 4 4H80R /Y 5 ¥ 301

ZYP12-FP il ZYP12-RP ¥4 il U] {ii 55 BamH 1 Fl
EcoR 1 vifE 3| A283 F Bei o , 75 3 i PCR 791
BamH T-EcoR 1-A12583-BamH 1, J BamH 1 43 3| i
Y] pFGC-35S-mCherry-NOS Fll BamH 1-EcoR 1-At2S3-
BamH 1,3E4; 2 NV IG R BEAk A8 # R ik pFGC-
At283-mCherry-NOS, T J EcoR 1 43 4 i 1
pHEE401 1 pFGC-A12S3-mCherry-NOS , 1% £ i V] J5
53 1Y pHEE401 1 A12S3-mCherry-NOS J Bt , 3545
pHEE401-A1283-mCherry-NOS JFtki 4

1.1.2 sgRNA ¥eis & #2543 AU
NEWiTR 240 FI G JL PR FAD2 Ry 3LhliZ 4053 | 1B
1 CRISPR 7E£8 1% 11 T H (http ://www. genome. ari-
zona. edu/ crispr/ CRISPRsearch. html ) i 1% B b &t
FIRLRE A, I X 36 25 A I e 51 A It 155 450 A 20 A
(http ://www. rgenome. net/ cas-offinder/ ) , fz 2 M

FIIT FAD2 JEHPIEE T G+C A SRR
PEEZ G ) 2 A &8 i BE FAD2-1 ( Targetl ; 5'-TCG-
CACGGCACACGCTTTG -3') , FAD2-2 ( Target2: 5'-
GTTTGTCCTCGGGTGGCCC -3") VE ML F51

1.1.3  sgRNA &z &ag KB Ll pCBC-DT1T2 A
AT IUS | B s ZYPT FK el FAD2 $EJF
H FE sgRNA F B it 4 S0l 5 e — A 8 571
Bsa 1 BFUIALGF S NTAS R 2A 2 4> FAD2 FEF7
G sgRNA Fik & AT B H VORI O 51 e [m]
W H Y R B

114 F@BARGME B sgRNA 1) PCR P2 HI
pHEE401- A12S3-mCherry-NOS #4435 FH Bsa 1 B
JE TR , AT AL) A A A A ) AR LA
2> sgRNA FIAE M 1A Cas9 AL, i eAric
R BRI SO R mCherry (8 1) .

RB rbeS-E9t NOSt LB
}: 2-sgRs | ECI1.2p zCas9 A12S3 mCherry Hyg
U6-26p sgRNA U6-26t U6-29p ‘ sgRNA U6-26t
FAD?2 target sequence FAD?2 target sequence

RB.LB:T-DNA ZE47i1 5 ; EC1.2p : EC1.2 3£ K 13 81T ; theS-E9t : rbeS E9

FEH LT ;2-5gRs : 2 > sgRNA 4Kk 2 5 2Cas9 . TR

I FURALRY Cas9 B HFHER ;U6-26p 1 U6-29p .2 MUFIIT U6 FF A JE 3T 5 U6-26t: U6-26 FEH 2 1L T A2S3p: S REIT 253 HEFI Y JE 3l
¥ ;mCherry ; mCherry D¢ 3K 3R ; NOSL: NOS FER WL 11T Hyg I 55 2 PibEREN
E1 MAFIRERN CRISPR/ Cas9 E [F 418 7 5t 4m 48 35 2 M W T S B hr B i

Fig.1 The binary vector plasmid map for rapid detection of

1.2 RFENSHNELEELBET
DLBFLE B T WT( Col-0) g T A AE Bk, 1 1

KT AT (IR AL AL 0 1) S 0 5 R A b

ESE NP i

1.3 RITEHE

13,1 AE TR A B Bk ik TEHLFS

Pism It 9, PCR 7= ¥ R 6 45 88 % 5 75 N &Y

200 bp i B, $REL T, X PH M3 L A AR 0 R i

DNA Mk 54T PCR, PCR F W 4514 J9 .94 C i

editing efficiency of CRISPR/Cas9 gene editing system

5P 5 min;94 °C 30 5,59 °C 305,72 °C 30 s, 254
PEIR ;72 CHEAH 10 min, H 5 4 CLAIR 10 min, HX
1.5 wl PCR F=9 1 8% B =1 25 4 2 1V Hs T iz ¢ e
(MR © SO M e e =29 « 1, Biat th) #
e U 200 VoL LYK 1.5 h, 0. 1% fil§ PR AR I
guts,, e ARG D SR 45

1.3.2 WA mis ok FRELS mg IEGIF
FIFHCA 2 ml 8508 H AL 2R ES ASGHEAT 2 IR
(60 Hz,60 s) . B5.0> 10 s JG A 400 pl 1 mg/ml
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BB B Hh =R (IE S R MiE ), RS E
FEEATRERE (60 Hz,60 s) , ZIEFHE 1 h f512 000 g
B30 10 ming, W 200 pl EVEWFERSF] 12 ml 955
B AWk 4E 250~ 100 pl, TIA 2 ml &4 1%
TR Y BRI, T 80 CHEIE T4 Jmis B 2
h, RVESHG 57 BFE 3 08 8 E T vk 20, A
2 ml 0. 9% NaCl( it A LE) VR 2 ml 1E O A,
FrEAE R IR IEIRA),3 000 g B5.006~10 min, WEHL
FIHW, BRI 12 ml B R 7R R A
YRS 2 ml IF COBEFRHR A, 59 2 IR3RAS Y
R, AWM FIE WA A 300 wl A4S
B ZHEAR TS HERE IR A A T, 4R Z2 IR & 50
wlo SRJG P RS AT >
2 RS0
2.1 BEFTEEEFAESRAGE

167 i e 32 DR 2 R Ak B 40 e ST 34 T A0 R
Jei PR 35 ' I i 0 2 2 B R B kb 7 i
SEEE 2 PR, EEEAOE T BaRa st

728 A mCherry ZEEHE F AR & 2R EE A Ry
FHPEAE R

AT AU IR T/ WEDGIUR T B IR 5 181 BT, AU 5 PRI i

THEMG R b, 8k R TEHOEIOR T RS R 4L

LRI, LR B R T,

2 B mCherry BB REEATUFEMETEER
I=14e

Fig.2  Efficient screening of Arabidopsis transgenic offspring

with the mCherry fluorescent protein reporter gene

2.2 CRISPR/Cas9 & FE 4riE 3 R4 M

221 BARGBMEER R RE 5N B
EEIE PR UK T, %9 S i 36 AR AT 19 7 5 DR BH 1 Al ke
TTRAE G ST B DN T P o5 e L Tk 285 2 (&
3) fWow, AN HAG B A AU BR 450 1 o 4l 28 AE
W, WA 98748 45ty XA B AR R} BB 2%k 1 SR 22 5 28
AR, A B A AT R 451 0 U A R S8 AR RERE .

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 WT

1000 bp —.

250 bp

ki 1,2.3,5.6.8.9.10,11,12,13,14,15,16,17,18,19,20,21,22,23 28 Jg R KA R ; K 4,24 29 R MBI HEF A RAEK R, M:

DNA 73 THRic ; WT: BF A= AIX R

3 RRGBRRERBEIKE
Fig.3 Polyacrylamide gel electrophoresis map

X Mg 25 R AT S8 1 AT %€ CRISPR/ Cas9
REMGmRRCR, W3 2 Fias, 4 YA 56 1Y o 5 3%
AN A 15.4% 9. 1% 3. 7% 4. 0%,

222 JeWrEBRAs 5 h B T AR T, AFh

S AHEAT RE W BR 20 43 53 B, 25 R R IR FAD2 9% dt
JEH— AR R (B 4B) 5 EFAE R 4A) A LI
PR (C18 = 1) Ay AH XS 5 & BH 5 %, Wil 2 (C18 -
2) 5WRRER (C18 = 3) I AHXS & s AR B sk >, Hovp
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C18 : 2 MYFHXT & R T 26% , — M7 A AU4DL R
FRTFHCIS : 1 FHKRY 17%,4C18: 1 FE=
30% W HIE FDA2 i A%, FRATTNT g 1 R 4 3 2%
fb3E B A 7 58 AR AR UE A R R EEHC DNA J5 2547 70
J¥ 0 235 SR % B K Sk R AP AR R AR

R 2B RTMB AR A Ik R M I IR4F B9 CRISPR/ Cas9 & F
REWE
Table 2 Editing efficiency of CRISPR/ Cas9 obtained by polyacryl-

amide gel electrophoresis

0 e X SRR AR RAREL WK (%)
1 26 4 15.4
2 22 2 9.1
3 27 1 3.7
4 25 1 4.0

B4 Bris Hy CRISPR/ Cas9 3 [ 4 58 450 %
23 s, 4 A 5 1 g B RCR N 57.7%
54.5% 74.1% 72. 0%,

A 5
2
6
8
4
1 J\
3 7
B
1 1 1 1

6 7 8 9 10

A BFAERY WT 85 T S R Y e <O (35 121, 18] B FAD2 iR
U R BRSO C T 1] BRI R YR ( FAME ) DA 1. 75 ke AR
BE(CL6 : 0) ;UfH 2. HE e MR (C17 = 0) ; WE(H 3. BEAR AR
e (C18 = 0) ;UEAF 4. IR FHBR (C18 = 1) ; WA 5. Wi AR g
(C18 2 2) ;URfE 6. IV JFRIR FH G (C18 = 3) ; WE{H 7. 4B 4= I Y I
(€20 : 0) ;WfH 8: — HERIFARITER(C20 : 1),

E 4 3EEITEEREEFEER GC 24

Fig.4 GC analysis of Arabidopsis fatty acid methyl esters

£33 BEIEHERAS S ITIRGH CRISPR/ Cas9 KRR 2
Table 3 Editing efficiency of CRISPR/Cas9 obtained by fatty acid

composition analysis

I 15 1 PR RAE HBECR(%)
1 26 15 57.7
2 22 12 54.5
3 27 20 74.1
4 25 18 72.0

223 FAN BB W KRS S B BR 45 5 T
kgt Rk i kX T AR EE L R P A kR
T F%E, 501 M5 15 2] CRISPR/ Cas9 3 X 4
AR N3 7% ~15. 4% BT T, AR F0 15 g 5 iR 2
oy EAT 4 A, a2 R R 4 A 1 AR Ak A B Y
CRISPR/ Cas9 4B % N54. 5% ~74. 1%, I-H., LA
Hod—ANRRZR A, X T AR AR AT 5 TR 4 T
5 FSC FEL ARG 00 A A Y+ 2872 (1B SA) | 3 sk e
T, AR B0 (4 15 W B8 21 53 28 47 00 22 S5 o0 b & 3R,
CI18 : 1 Iy ar il 16% L F+R 40% , 5 55 A= A L3
T 24 AE G S WHZR R RS BRI AT
TP 285 R B AR R 1Y) FAD2 5 PR S A7
AL HARRAE — A (K 5B) . LK
2 BRI 5 vk BT AR R 25 5 FRATT AT LAAS 0 i 43 B
W BR 4 73 A8 Ak S K I CRISPR/ Cas9 i [K 4 48 58
AR 5 1 G R TG, 45 SR S v, o ELJ
P, IZIT A SO S R T 43 45 E AR AR BB, A
M AEE R A6 M CRISPR/ Cas9 5 [H 4 #5 45 A 1) 4
e &

3 9

CRISPR/ Cas9 K g A 2 —Fh s 20 2 [
SRR WL T RO T AR ek R AR T e
RIS OKFSE X CRISPR/Cas9 5 PR 45 %5 2450 2 1Y)
K 733647 T AL . B mCherry 286 HE FH 2 3
RIVE BRI N, AR IS I IR I & g FAD2 #E 401 R
IFIBE A B AR, B FAD2 R R ER 5
VA P ARl FH AR AT DA AL DL RS T, FH 28 S T ot
ARAG T A JE R FHPEAF IR , X BH AR 53 501 R H 2R
R PR U5 2 v, K 92 AT T, A A g U TR 4 3 3 BT 1
X G SR A T ARSI, 45 SR 2% BH 3 o g 5 R 4 93y
BT B 325 AT LABRGER | v s 6o e PR 2R A R A TGN | 4
PR E R R, (R T  AT L g e A ok
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M1 2 3WT
A . B
1 000 bp—. ! A ACAAGGGCCACCCGAGGACAAAACTGGA
- FAD2 gDNA ACAAGGGCCACCCGAGGAC-AAACTGGA
- Ee | ———-GGGCCACCCGAGGAC-AAAC ———-
—
ACAAGGGCCACCCGAGGACAAAACTGGA
Il
250 bp— = I

e

Pl A RPN IRRLSERS FL DK T, DK IE 1,23 BN RIBR R PCR 747, M:DNA 73 FhRic, WT: BPAE ARG . [ B FAD2 SRR T4 2R AT
Bl 5 SRan i BR T A B B S A PR R A ) 45 SR 5 00 A ) 45 SR L %o

Fig.5 Comparison of mutant detection results obtained by polyacrylamide gel electrophoresis and sequencing

FEPPAS , MR A AR (LS JE R, BEAh,
T T L PR B Y Cas9 K R — A5
T HE,

Wang %0 238 T — Fh B B #Y CRISPR/ Cas9
YRR AR AT Cas9 8 113 DR H B0 40 it 4 S
PEFIRN EC1.2 F W s 83K 3, DLt n] DU 2%
bkt G 4L R 1 K S B H T AR A R T AR
AR FIAN AR 2 A HIEE ) sgRNA B
TARGE R A sgRNA, AT AT LA[RI B X 2 A~ 2
ANSER HEA T g4 o O T B GE I S 38 T AR AR 2
ARG R A SR RE BRI B B A

AR I 1% G B AR AR AT T BT R | 7R AR
TOSED AR b R 2 2 AR TR B e 4 2
G RD TR SRR Y Ar283 LR R B T EK B Y
mCherry VG HFE R ITATE Cas9 AR Z )G,
AT DA R it T, AR e 5 DR BH M A A LA S de 28 3R 15
AL FER RGO PR SE K 14 A
Fb A5 G 1 B 6 2k i A 280 vk HLA T R A A
P, BT LA e IRPUAE R AN 2 | L AnSE N 2 )5 i
AR R B 5% R T 1 5 22 17 AN BE i 128 2] FH PR A
B, i HIETHEOCAE 5 0 vk, 28 A8 R mT LM KB i
d oy ok XA Bh T R A2 3 L B R
N HAS PSR 3519 35 S J8 3 TR IR sl 96 L
FIRYZRIE  (ERTETE I i e 6 26 (1 ZE AR 9 1k T
Iz R M A AR R T I, AT TR AT
FEPE ] THER B — kIR 1Y 41283 HEH S B
FHRIRG mCherry DG, FERF I AL [,
W LIRS I R 100 S 5L R FAD2 Ry LRk i i 5 5]
AR, TERURIIT, G R I SO fad2 207 T N

AR (C18 ¢ 1) SRR, T S fEshiR h 5] A
55 T ASRUEIE B R (C18 = 2) P H Ik, AR
1A fad2 " C18 ANHRLFN i i T2 11 20 i 35 4 185 A 0 A
KA DX ) i B e G 00 A 5 DR S A
PR C18 ANTRL G M 2 11 2 oK, , FR ok ] {6 bt s 328 113
B G A AEL AR , AT B 2 45 22 1) CRISPR/ Cas9 %& [
ELER S NV TV &

FATXS T ACHE LA PHPEA BRI AT 00 T %58, %
FELER AT RT3 HT 15 B 1 CRISPR/ Cas9 5 A
IARRCFE N3 7% ~15. 4%, (HXF T AR 1 5 i i
4y HEAT 43 M, 38 23 R 05 R 4 43 1 AR Ak A5 3 Y
CRISPR/ Cas9 FE K it 55 30 46 N 54.5% ~ 74. 1%,
U IR AT & B, 3 43 B R R 4 4y 7 Ak R A T
CRISPR/ Cas9 & [X| Ji 4 5 22 {4 1) 7 v T A R BT
SEREAE, 7 A %07 A SO v R
T oy F % A AE R B FE, DT RE R AR M A U
CRISPR/ Cas9 3 K 4 AR (1) St 540%

AHFFE N S 5 CRISPR/ Cas9 H A 4 6 58 725 {4
IR AT T ekl 5 A A L % TR AN 32
AT %) B 4 P U Tl D0 A7 R B A, AT R
ST ST LA AT R 38 O 5 1 HL O
AR SR T 5 S AR AE I BB | BB AT Ak
ik i B CRISPR/Cas9 J& M 4 5 1 4~8 2 4~
FEMEIG A A SCE B i 5 A A T PRt A
YT CRISPR/ Cas9 i K] 2 3R B A7 46 I I
PR i 1 58 AR AR

SE

[1] MALIP, YANG L, ESVELT K M, et al. RNA-guided human ge-



IR EEE . —Fh s R AEE CRISPR/ Cas9 5 PR 4w A0 R A4 5 1 305

(6]

[11]

[12]

[15]

nome engineering via Cas9[ J]. Science, 2013, 339, 823-826.
CONG L, RAN F A, COX D, et al. Multiplex genome engineering
using CRISPR/Cas systems|[ J]. Science, 2013, 339. 819-823.
FENG Z, MAO Y, XU N, et al. Multigeneration analysis reveals
the inheritance, specificity, and patterns of CRISPR/ Cas-induced
gene modifications in Arabidopsis[ J]. Proc Natl Acad Sci USA,
2014, 111 4632-4637.

LI J F, ZHANG D, SHEEN ]J. Cas9-based genome editing in Ara-
bidopsis and tobacco[ J]. Methods Enzymol, 2014, 546 459-472.
MA X, ZHANG Q, ZHU Q, et al. A Robust CRISPR/Cas9 sys-
tem for convenient, high-efficiency multiplex genome editing in
monocot and dicot plants[ J]. Mol. Plant, 2015, 8. 1274-1284.
XIE K, MINKENBERG B, YANG Y, et al. CRISPR/Cas9 multi-
plex editing capability with the endogenous tRNA-processing sys-
tem[ J]. Proc Natl Acad Sci USA, 2015, 112 3570-3575.

GAO X, CHEN J, DAI X, et al. An effective strategy for reliably
isolating heritable and Cas9-Free Arabidopsis mutants generated by
crispt/cas9-mediated genome editing[ J]. Plant Physiol, 2016,
171 1794-1800.

PAN C, YE L, QIN L, et al. CRISPR/Cas9 mediated efficient
and heritable targeted mutagenesis in tomato plants in the first and
later generations[ J]. Sci Rep, 2016, 6. 24765.

DING D, CHEN K, CHEN Y, et al. Engineering introns to ex-
press RNA guides for Cas9- and Cpfl-mediated multiplex genome
editing[ J]. Mol Plant, 2018, 11 542-552.

VANLEUVEN A J, PARK S, MENKE D B, et al. A PAGE
screening approach for identifying CRISPR-Cas9-induced muta-
tions in zebrafish[ J |. Biotechniques, 2018, 64(6) ; 275-278.
XING H L, DONG L, WANG Z P, et al. A CRISPR/Cas9 toolkit
for multiplex genome editing in plants[ J]. BMC Plant Biol, 2014,
14(1) . 327.

ZHOU Y, ZHU S, CAI C, et al. High-throughput screening of a
CRISPR/Cas9 library for functional genomics in human cells[ J].
Nature, 2014, 509(7501) ; 487-491.

R BB IhAENY, AE. =Fh CRISPR/ Cas9 SEPR mlR A8 53
75 200 L3 BE (1] kil ,2019,49(2) :20-26.
SHAN Q, WANG Y, LI J, et al. Genome editing in rice and
wheat using the CRISPR/Cas system [ J]. Nat Protoc, 2014, 9
(10) ; 2395-2410.

DAHLEM T J, HOSHIJIMA K, JURYNEC M J, et al. 2012. Sim-

ple methods for generating and detecting locus-specific mutations

[16]

[17]

[18]

[20]

(23]

[24]

[25]

[26]

induced with TALENS in the zebrafish genome[ J]. PLoS genetics,
8(8): el002861.

THOMAS H R, PERCIVAL S M, YODER B K, et al. High-
throughput genome editing and phenotyping facilitated by high res-
olution melting curve analysis[ J]. PLoS One, 2014, 9(12).
el14632.

22 PR, B A L LR TTEL Al Surveyor 1% iR N 1]
B0 T i S A BRI A [ 1], )P BE R 272412, 2015, 32
(6) :887-890.

ZHU X, XU Y, YU S, et al. An efficient genotyping method for
genome-modified animals and human cells generated with
CRISPR/Cas9 system[ J]. Sci Rep, 2014, 4. 6420.

WANG Z P, XING H L, DONG L, et al. Egg cell-specific pro-
moter-controlled CRISPR/Cas9 efficiently generates homozygous
mutants for multiple target genes in Arabidopsis in a single genera-
tion[ J]. Genome Biol, 2015, 16; 144.

W, BT, B R T AT B A5 0 12U 5T R
FACBAALL 1], ZRAEMOL 27 24, 2016, 44 (6) - 41-44,
83.

EOJ5 R, IR, R PTG BE R HL KA K . SRAP
FRIC[J]. N R 2244, 201431 (6) : 125-128.

TRUANT, sk B, A5, BRI S BRI MR 2
T EY B EZRIIRA SR [T]. 2593 Hr4¢ i, 2015,35
(10) :1862-1865.

LR N, 4, %5 CRISPR/ Cas9 AR K HiAE KR Fil
ANZE IR AR R TR B T R 3R [ 1] TR R B 2, 2019, 47
(20) :29-33.

TR R ORI, %, CRISPR/Cas9 RGN HAEEYE
Rl AR T]. B A4, 2018, 49(1) + 14-21.

EWIR B, FRrh3E, % CRISPR/Cas9 FRGETE/KRE Y %
JEAVRIAI[ )] LA BR# ,2019,47 (10) :5-10.

SPRUNCK S, RADEMACHER S, VOGLER F, et al. Egg cell-se-
creted EC1 triggers sperm cell activation during double fertilization
[J]. Science, 2012, 338. 1093-1097.

AL AMIN N, AHMAD N, WU N, et al. CRISPR-Cas9 mediated
targeted disruption of FAD2-2 microsomal omega-6 desaturase in
soybean ( Glycine max.L) [ J]. BMC Biotechnol, 2019, 19(1) :9.
LOU Y, SCHWENDER J, SHANKLIN J. FAD2 and FAD3 desat-
urases form heterodimers that facilitate metabolic channeling in vivo

[J]. T Biol Chem, 2014, 289(26) : 17996-18007.

(FAEsh 5 B )





