54354 45 51 2
20244 9 H

ok ok R o R

Journal of Huazhong Agricultural University

Vol.43 No.5
Sep. 2024,51~64

Vide fTEE T a1 BT CRISPR/ Cas9 113 K 2 i S HAE B s ALm S i i g LT ). APl K224, 2024, 43(5) : 51-64.

DOI:10.13300/j.cnki.hnlkxb.2024.05.006

EF CRISPR/Cas9 I E FE #mig K H
AHER B PRI A

W&, & T, w8

P REKXFEHEHEARBRELE LR T/ HAaL 255, KX 430070

FE ISR A IR (R R e A B AR A R IR . IO IS E R AR
S I ST RIS Rl SR, H 3 78 T SR o ) A% 5 S XU AP AT R 114 S 0 7 A o, L DA
PR Z N ITURIG . I, il N T2 BN A2 S Gt (L A R IRBCR AR AR JT4F
K, CRISPR/Cas9 A LU 5 2 IR AR IE S, © )82 1 T 2 A3 M =i ) i D9 D RE T S 0 1) A ke L
T BB R g At S AR 3k SR AT 5 B YR QBT RS A4 R, K CRISPR/ Cais9 A& A 2 BEEH AR I HT T H i
BEMSRAR IS o ASCERAR T H AT CRISPR/Cas9 Z e R H Tl 5 5 X D BENE 58 A4 e R BIESE ot e, 7 %
TSR 8 | T RIS 07 TR 2E B A 0 R A 0y e i 52 425 T A R R 1 I SRR [N A AT £ B9 SRy R

PERL R AN K R T 18]

XgiE  CRISPR/Cas9; IR i ; H 5 BIIME; FlTCRERA1HT; 7EY BT R

HEISES S336; S565  XEAARIREE A
MR F R E A E 2 —. H g
i1 2% (Brassica napus 1.., AACC, 2n=38) & —f%
WEAR AR (B. rapa, AA, 2n=20)5H ¥ (B. olera-
cea, CC, 2n=18)7EFE4>7 500 4F A i@ 1T [ SR 24287
A SR DA R P Rl P04 52 2= ) LR 4, A 5 K
WA A S b 2 85 DL B A0 A L
i, BELAS TSR I I DD BB AT o XM SR U, w2
F BT A (R R DL AR A5 T & 3R I 0 0 B A
U JLAAF XU 4k 4 S 75 70 A5 ) 3 7 1 L PR R
M2 2.1 (EMS ) 5 42 45 Ak 27 J5 2 A B T-DNA #fi A
AW A O iz N T 2 e R A A iR RN
TEWIE Fh . LR 27 ik BAR AR AE 7 AL mT it AL 1
FE RAE ALZEANNE R MR ZERILN . J52E
7 e 22 i FEIT HL 2% 7 0 KRB0 %k , A RIS A L
EONER At NI i AN W K R N e S T )
AE PRI, 75 TR A A B AR AR R T
1% 0 3 T 125 o A E VR W8t A% O R, n PR b BT B¢ U
BT -
LAk, R i R N TC RN, & el

Wk H BT 2023-08-15

FATH A0 &R E (2022BBA0039)
VYF#: , E-mail : 15202733352@163.com

WAGIESH i), E-mail: fanchuchuan@mail.hzau.edu.cn

XEHE  1000-2421(2024)05-0051-14

o XU AR ETE DNA ZKF b X 5 R0 S AT —
RN E mAB G BT |, A6 RS Y A A | Bk R B
e, H T AR SE BN L DR RS R AR, B AR LR
5 PR i R B A A e )3 b 7 T AN ) 40 e %) 5 PR 241
DNA &M . KPR BB R T893 328 FriE A% R
fif} Z 4t (zinc-fingers nucleases, ZFNs) | 5% 5% 38 7% %%
I 7 B % B2 il 22 4t (transcription activator-like effec-
tor nucleases, TALENs) DI & CRISPR/Cas %& 4t
(clustered regularly interspaced short palindromic re-
peats/ CRISPR-associated proteins, CRISPR/Cas)
ZEN RGEM TALEN RGEh TAHE A A @ AL
AT A5 [ 0 TR A T BB i AU CRISPR/ Cas &
LA, CRISPR/Cas 22 4E F] L4 A 4 2k R 45k
T 5 D] Ty e S R A F RS R R H AT,
CRISPR/Cas £ 4t &l 2 i F A2 45 il 578 A Y 50
ZRHY 1Y ARSCRIEA 2R T 3T CRISPR/Cas9
RGTIT R ILA LR g T B, 645 7245 0 1k
CRISPR/Cas9 & PN G # £ A A H i 0 T 3L N D i
PRIT N5 A% 250 R T T8 A AF 8 BRI A R & i T 1w



52 LRI I NI <3 4

943 %

DAY 0 AR S BIF 5 & DR T 12 40 ek S BAR 42 1
2%,

1 EF CRISPR/Cas9 4 &
BRI

1.1 CRISPR/Cas9 4iE &%

2 ML) CRISPR/Cas Z 48 AR Hi5 5000 A5 B 1) 244
oy 22 T AVANIT B (BT 1A) . G | B CRIS-
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5'll||||||ll(‘llle;‘ Svllllllllllulllgv
nCas9(D10A) SlLLLLLLLL LLL S > 3 ellLLLLLLLCLLL 5
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3 . DNA repair /
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A: £ CRISPR/Cas9 4B R 5. 16 sgRNA 151 T~ , Cas9 5] PAM I UIHIXUEE DNA,JE i DSB. DSB i if NHEJ 8% HDR #1244
o ENHETZAE R, BT il A st % o 16 HDR @& A8, T A7 76 SR DNABRIN 2 O YIS o B: CBE Hfdk 4 4 4%
16 CBE 1, I i R I (OO A IR (U) , NI B U—G 451, 72 DNAEE R il B b, U RS R T ¥ C— G #54k
N T—AWSEX . C : ABE RIS a5 . 72 ABE v, BEAG A B4R E I8 2l 1 1A R SES (AD JBEZUN IUE (D, IUE (D 5 CBEX, 7 Az
A—THG—CMEN. D: GBE M lEgmifdt. 76 GBE Ml HF LA NN C A U 3Tk, EPUNG %5, BId AP, GIR
AIRE P BI AGZA  . IX 23 7E DNA B AN Hil i B ol C— G #4028 G—C. A: Classic CRISPR/Cas9 editing system. Guided by the
sgRNA, Cas9 recognizes PAM and cuts double-tranded DNA, forming a DSB. DSB are repaired by NHEJ or HDR. In the NHEJ pathway,

random insertions or deletions are formed. In the HDR pathway, precise insertions are formed when a donor DNA template is present nearby.

E

B: CBE single base editor. In CBE, cytidine deaminase deaminates cytidine (C) to uridine (U), resulting in U—G mismatch. During DNA re-
pair and replication, U is recognized as T, converting C—G to T—A. C: ABE single base editor. In ABE, the evolved deoxyadenosine deami-
nase is used to deaminate adenine (A) to inosine (I), which pairs with C to produce an A—T to G—C substitution. D: GBE single base editor.
In GBE, cytidine deaminase deaminates C to U. Next, it is removed by the UNG, creating the AP site. G is likely to be introduced to this site.
This converts C—G to G—C during DNA repair and replication.
B 1 CRISPR/Cas)4iE RS UK 3 A E RiER FIE RS E
Fig. 1 Schematic diagram of CRISPR/Cas9 editing system and three single-base editors
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pegRNA AL 21T HEHR 4, sgRNA L 37 )7 51 Rl
M 5% B MR (reverse transcription template, RTT) .
RTT 455 W45 & 00 Ay 28 2805 BRI AL R o 24
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PE Z 48 il 5 i B0 A7 A5, nCas9 Y1) #)HE B
HNBE | T S I RTT 3906 %% 55 AR A 43 28 AR 7
S B ssDNA SR 5 i 3 DNA & 205 58 725 84 4 3| 32 i
B, S TR HRCERMER M 5T 4 17E PE
B LRl T & T PE2. PE3. PE3b3. PE4. PE5 Al
PEmax 3t 6 Ff 4 450 . 3T, Sun 25 7Sy T — il
TEGe e RSB0 46 A K B BE DNA 1958 S gl HoR
PrimeRoot, BE #5445 1k 11.1 kb AY K A Bt DNA A5 i
FHAMYFEF A BCRIEF] 6.3%

gg::gil;l:se Cytidine deamination
5'||||||||A|“lll3: 5:l|||||||T|"lll3:
nCas9(D10A) 3L L LLL 5 ] _> .3 T T PN T T
n (e Adenosine deamination
5 PAM 3
£ > — 5 DNA repair
il €
3 . DNA replication
TadA 5'IIIIIIIIGITIII3,‘ sarrrrn U 3
5 L LLLLLL L LLE 5 3 el gl 5
TadA* UGI
B:Prime editor M_l\g]];;/_RTRTT
M-MLV-RT R
a0l l_l_\l_L\
3' TYTTTTTITIOIT 3 ITHY
1l
\ (/" /Reverse .
5 PAM 3 transcription 5 PAM 3¢
3 |||||||l 5 \ e 111 '5. 3 s
nCas9(H840A) eet nCasO(H840A)
> Flap Ligation
cleavage
5
5t m 3 DNA repair 5 i 3
RUTTTTITTTTTTIORTTTTTTT TG ER ITTTTTTTTTEETITTTITRGY
A UL G 4, T R0 R 50 U [ e C B0 UK AR 1o 7E DNA MBS FNA hil ik Bt b, 25746 C B T RLA 3 G i 4.
B; fe R4 (PE) . — B ARk BARIF S, nCas9 (H840A) B4/ DNARE 7= AE W 1 o JR)5 , PBS 5 34l &, i 4 5%

RT JA 3 BA s 5878 10 RT REAR (i e 5t . 2 VIBR A DNA MBS, 245 AR T IR 7 91 BORS i b e & B HAROL A o A A dual base
editor. Cytidine and adenosine deaminase simultaneously deaminate C to U and A to I, respectively. During DNA repair and replication process-
es, substitutions from C to T and A to G occur. B: Prime editor (PE). Once the prime editor complex reaches the target sequence, nCas9
(H840A) creates a nick in the DNA strand. PBS then binds to the 3" end and reverse transcription (RT) is initiated with the RT template con-
taining the desired mutation. After excision and DNA repair, the edited nucleotide sequence is precisely integrated into the target site.

B2 WHEHRERNESHERRERSE

Fig. 2 Schematic diagram of dual base editor and prime editor
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B S AT I S P B R S U R AL L EI ML
W e JFERT TR RE & B VB R VB IR

T R SR — 28 B A T A
FHEY . CRISPR/Cas9 % PR 25 A AT 78 H g A
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H1 BnAP39s, 58 78 1A 1) 245 55 3 43 S| BE AR T 5026 AN
6020 , FH LS B0 R IR
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iy 77 B4 A S PER . Zheng %M B B BnMAXI
(MORE AXILLARY GROWTH 1) %15 T /2 B8k
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ZRIEH BnD 14 3845 T 43 KOBOMAE 2% B 35 0 Al ik
BALRY S8R . Fan 25" 3%k BnBP (BREVIPEDI-
CELLUS) }:H % 3 BuBP.A03 #1 BnBP.CO03 287 &
FE RIS AR bR RIS BE 88, AT T R D1 S A8 AR A 2
AL H AT . Song % BBk BnBRI1 (BRASSI-
NOSTEROID INSENSITIVE 1) 774 T bk £,
EXF =i TR . H W AL SR A AE ) 2 e 2R
PE A5G 2 58 B A AN 0T 3l R 1R G v 24 LA
R0 iR A 2 BBk UE SR R B R N A s
A PR R BEAE MR . Hu 251 i m R S SR A
BnA10.LMI1(LATE MERISTEM IDENTITY 1)#l
BnA10.RCO(REDUCED COMPLEXITY) , /=4 T
AN BRI R g S AR B IR T BnA10.LMI1 F
BnA10.RCO TE A4 H #E AL LK F

2) Fr I FUNE T R LE . B s T SR v i
FCGE AR MR 4B — ER M B A 2 G5 H xR .
i % BnSFAR4/5(SEED FATTY ACID REDUC-
ER 4/5) .BnFAX1(FATTY ACID EXPORTER 1)
M BnCIPK9 (CALCINEURIN B-LIKE INTER-
ACTING PROTEIN KINASE 9) 3] D2 25 fh 1
3 U0 kB BnLPAT2/5 (LYSOPHOS-
PHATIDIC ACID ACYLTRANSFERASE 2/5)
BnBASS2 (BILE ACID SODIUM SYMPORTER
FAMILY PROTEIN 2)Fh 1 il £ B AR 2 g

U5 T2 2L o 2 R S ST B 1 S S TR 2R g i 2
o A e N BnFAD2 (FATTY ACID DESATU-
RASE 2) 52 g R 3 Fh 25 2 431l R | S0 3k iR A
STV JRR R AL B RN H A1 1 B SE R . Rk BnFADZ2 J5 il
T r I R A R B Il R R IV R R 114 e A
MEAR ) Yan 22 3% BuLEC1(LEAFY COTY-
LEDON D) J& , 2828 (4 55 1 i AR 75 SRR AIS
STV 1 B v o O R R T TR R/ Tl TR P 18 B 1
(phosphoenolpyruvate/phosphate translocator, PPT)
Vo8 Tl T s T AT TR DAL 4 L o 2 i B o Ak v, T B
R (B A) R A A P 9 A= 5 . #BR BnPPTI
Je MR A A i AR R SR R R T
2.2%~9.1%'%1,

IPURFEMEAR . S AR R NG TR R 2
X A FH T 7 R 0k B F2 RN . Braatz 520 R
BnALC (ALCATRAZ) 3R k& 35 AR i R hi 24 .
Zaman 527 B % BnJAG (JAGGED) 49 5 4> [6] ¥ $%
D, RIH BnJAG.A08 ¥ I 578 I £ SR hi 24 fig
BE T 24% . Zhai %% 5 B BuIND (INDEHIS-
CENT) 1) 24~ [ 545 U1, & 3 BnIND. A03 F4% Dl 258
AF PR F BRIND. A03/CO3 345 U1 28 25 1A () £ 34 1
FHiR . Zaman %P 5% BnSHP1/2 (SHATTER-
PROOF1/2) Wy it 47 [6] J5 4% D1, Hovh BaSHP1.A09.
BnSHP1. A04 . BuSHP1. C04-A . BaSHP2. C04-B Fil
BnSHP2.A05 51~ V1 5728 {4 3 3t 1Y Wk 1) £ 2R e
LT

A)Rife, Ae € SRR SR . TR R B
FRPEMRJE — PR R R AL, 55 JRAF AR L, EL A b R
JFAEF RS R MEA RS E&mMS. 3
T L A e o (o 285 i a4k A0 ) S 3R R R AR BORT 28
AR B B A BuTT2 (TRANSPARENT TESTA
2) .BnTT4,BnTT8 LA} BaPAP2 (PRODUCTION
OF ANTHOCYANIN PIGMENT 2), |- iR 575K
AT B A 2 T A T O AR R AL A 0%

T SRR ELAT H B W BN (E, AR (R SR AL
B Z I ER R, 5 EFFHERAN R, H i
WML RS P RS EREWN, RS
FKEAE N F YA R K BT IR Ak S
BnZEP (ZEAXANTHIN EPOXIDASE) , 15 %] Y
Bna09.zep/Bnc09.zep W5 A5 AR 5 81 H A% (B AL
M AR 2850 35 N R 5 4 8 5L ) BnCRTISO (CA-
ROTENOID ISOMERASE) , #3214 5L A i A
IR TAR R
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M- (e 3 B SRR B kB L, Liu 2058 i
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COTYLEDON) J& , H 28 25 {7 uf # 4k . B nf 2k
L. XuZEUTEE R 5ok R4 PSR MG &G R
A KL BrFisHI , 28 28 (R F it w4k | 2 9 & fH
E 2 io

S)FFAERI I FIAE K o 32 IFAE A AR 1
TR i, IR 252 B AR 46 191, DR 3 E A A
W 2R E M EZ Hir, TERMINAL FLOW-
ER 1(TFL1) J& W i Bt £ B e 45 & 2 1 (phosphati-
dylethanolamine-binding protein, PEBP) Z % il i1 ,
TE 2 SR B A6 53 HE 2 2R g s VT AR [R]85 v ke
FEAEM . Sriboon 2 E Bk BnTFL1 #4954 #5 1L,
K HA BnCO3. TEL1 ) RASMR HAT AL F£ AL Ji-
ang %50 A 2 B 1 IR Y 2 5 AL Tl 3 [N BnS-
DG8 (SET DOMAIN GROUP 8) , % ¥ BuSDGS8.A/
CIfiE B A R MR IF AL IS A1 AT . Ahmar 2514
w4 BnSVP (SHORT VEGETATIVE PHASE) )
TG ¥ DL A5 2 AS (Rl $5 DL 414 10 58 AR A, T A6 s ] 3
)45 T 40.6%~50.7%. COL9 (CONSTANS-
like 9) VENFEFEHE SN F RIG M — B, BRI B L
AR AR LT . Guo &V BRI SE BnCOL9
f 44 DL A5 B 28 AR (R AT LAE A . 1 41
i % BnSPL3 (SQUAMOSA PROMOTER BIND-
ING PROTEIN-LIKE 3)J5 , RAK % BB %, I 4E

L ZEBEYN - RAWZERERE S
HOPELAT . AR, 3% 28 5 5 A6 48 B 19 2 T LI o AS
B, APETALA2 (AP2){E MY ABCE £ Bl rh
9 AKIER R E B L T . Zhang 25 kR
BnAP2, &34 ¥ UG AR R H B0 | -0 B i R 7R

6)F M. HASAEF (self incompatibility, ST)J&
P e 1) A A 2 3t HE T 1 S AR R BHL Lk 30T SR A8
B (A8 A5 AL, A 28 AN S5 FvE 28 T 24 m e 3
FIH o 38 i B R BuMLPK (M-LOCUS PROTEIN
KINASE) #1 BnARC1 (ARM-REPEAT-CON-
TAINING PROTEIN 1) ,i0E H 28 AN 26 fPE g o8 4
T, B AL BN b H B A R S A S
AR 2, B BrAS. ZML 1 F1 BnS6-SMI2 (SCR-
methylation-inducing region 2) , i1 =% H 28 /A 76 F1k
igﬁ{%—ﬂﬂo

MR T R SR e i A A A R
Rz —. XinZ5EE BaMS5a (MALE STERILI-
TY 5)8¢ BaMS5¢, ¥4 S8 AR E IR 07

FE PR MISHa R 43545 57 FE PR MS5 ¢ #1222 e
P F M BT 0 75 B . Farooq %598) @ % BaRFL11
(RESTORATION OF FERTILITY-LIKE 11) , bn-
rfL11 B0 H B SR B AL HE B > it B Ag /N [
BRI AT . MR P450 (CYP450)
AR B AR ET P EEREEEH.
Wang 2198 6% BnCYP704B1, 4 8 19 SRR AE L2
LB O R A F R FRAL,

7)E SR o B AN % B (glucosinolates,
GSLs) JE— R E 2 7, T bR el AR I Sk T B
(1) F o B o TR A S (B I A LA 1 R
PRA A 12 LN BnGTR2 (GLUCOSINO-
LATE TRANSPORTER 2) , # T it & & B & 1
R0 REER (phytic acid, PA), [l #E & —Fh i &
F:IN T Sashidhar 258 5o B R PA 429 A 0 56
8 3L 1 BulTPK (INOSITOL TETRAKISPHOS-
PHATE KINASE) 1) 31~ DU, 15 B AH R 1Y 58742
NG =N | 2 A B DS =9 N N2 45 A N A=
F# % . Zhang % 13 @ik BnVTE4 (VITAMIN E
DEFICIENT 4) , 587 E AR o- 4= Bl 7 i FEAIR

SR A K R 2 A A HE R R Rl SR T
RVEFRCRERY R h % BB AR AL
PRI RE A B RN AR A . B (B) 7E 41 i BE P
B BN AR B o M TR R B A2 Rk 1
ol % O M fE . Feng &NY Bk Bk BnA0Y.
WRKY47 , 5 7% R X AR 8 Wy 38 58 B0, 1 BrA09.
WRKYA47 83t 2218 R XHMRBE MM 37 . H 5 AL
JE— PR (Cd) M 5 2R , X2 R0 4 sk 2 4 ) A
FEE U . Yao %% BaCUPI (Cd UPTAKE -
RELATED 1), 53 A5 (A REAR T 10 SR AR AR P9 4 1) R
H, B (P REmMMER AR AL TN FER
BHEZ . XuZ 8 BuGPRI (GLYCINE-RICH
PROTEIN 1) , 5878 AL AR X R i 160 5 ke, (H 2
U STy s DR (177210 STEN O] 11 B d

)RR A Y a2 v . SRR R E
iR S Z B A AR AR YA B K TR R A
P T R A —Fh LR E W S S B5%~100%
Gy FH ) 7= 25 o Sun 2607 % B BaWRK Y70
() 34 ) 48 DL, S8 (AR ) TR A% 96 B PO 145 . Cao
4181w [ BnF5H (FERULATE-5-HYDROXY-
LASE)Ji , 2875 PR B ZEFF 5 B35 0, 250 B A% 9 A1)
itk s . Zhang 259 9 4 BnQCRS i 148 £ 4
5 UL, FRAG 0 28 725 PR 2 5 B A% s IR s LA 450
T, I H EZ AR R 5 B AR R
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5. Geng %5 B BnIDA (INFLORESCENCE
DEFICIENT IN ABSCISSION ) , 5825 (A 30 i1 £ S
PL AEARE ORIV (PR A L R R . Zhang
L6l e B BaMPK3 (MITOGEN-ACTIVATED
PROTEIN KINASE 3)J , 28 R A IR BT PE AL,
(3 221k 206 TRAZ R OB PERS 5 . Probsting 2519
1% BnCRT1a (CALRETICULINIa) J5 2875 KA
TR B I U

T 3 A A g R RS 43 R 3 6 e K - 40 R
ST A = R B S A AT Ty 1713
BnRGA (REGULATORS OF GA) {4 ¥ 01, %
M BnA06. RGA W 5781k BnA6.rga-D i 21 1S 3
Linghu %1% & B& U-box E3 17 % % % i 3£ [N Bn-
PUBI18/19 (Plant U-box 18/19) , 28 A8 {A i 54k i 3%
P8 . i Liu %) @ B BaSGI (STRESS AND
GROWTH INTERCONNECTOR) J5 , 98 8 f& % T
B 3 A8 45 0 U . Song %9 B BR BnHOS
(HIGH EXPRESSION OF OSMOTICALLY RE-
SPONSIVE GENES 1)¥458 1 32t JE 1 .

9) H At o L Ir [l PR L FE Sk I STM
(SHOOT MERISTEMLESS )%} F 22303 = 4H 41 3h
e E X EE, B 5 CLV3 ( CLAVATA3)/WUS
(WUSCHEL ) I st 19 38 5 Fe & AR R 2523 A 2
ZUh T A B FR A . Yu 2T B BuSTM, 58 25 1k
LR TG & B SR TR RLA 1R S A
B o AR A% R 5 iz & H 3L BUNTT1 (NUCLEO-
TIDE TRIPHOSPHATE TRANSPORTER 1) #l
BaNTT2, 7R R A KRG KRR E T 55 LN
HeBRCRAR T Wang 2570 Bl 4 v By 43 S il 5k
K BuSBE (STARCH BRANCHING ENZYMES) 6
P DL R R SE Ry 2 AR AR |
2.2 CRISPR/CasO N EMEMEBR REHIE
il Rz A

£ 45 1y CRISPR/Cas9 & i 24 F T H % A3k
S 5 PR )y g Ak 5 R e 0 VBT (] B e 56 s 6
AR (CBE.ABE) LA} 9 B /i 3 19 5 i 4 A S5 5L T
CRISPR/Cas9 By 5E P g4 H AR W AE H i A h s A
BRI

Cheng %" e H W RS # S IFF R T A
A3A MR Z 5 Cas9 ) 11 AN R g 1 Ak 3 £k iy
0710 30 Fl A 2H 8 ASA-PBE 248, %3 T 3 Fb
sgRNA 43 5| # 5] ALS (ACETOLACTATE SYN-
THASE) .RGA F1IAA7 (INDOLE-3-ACETIC AC-

ID 7)o i 34~ H AR L N A5 g AR AR 346
1120%. HuZ™%F 44~ CBE 447 T i , S0
T 5 A LA A I B . SRR, 3
CBE £ Gu i 52 9L F 20 4 4 , Hovh BnA3A1-PBE
5 2 Fi 8 19 3% CBE RGH E , HA e 10 s 2k
2 4 RUOR (B 38 50.5%0) o BnA06.RGA Fll BnALS
A AR A Y I U T AR a4, o o R R
TR FH T 2 o A A B B R M . Wou SR
CBE % % BnALSI #l BnALS3, {H 78 T1 4t 4L 45 3|
BnALST (48 Spk , W3 1 ISR et

AT T % 0 IR VR 04 B 5 44 4 2% (ABE) BERS 7E &
5 R ) LA A0 i v S R v R R A B G e
4, Kang 25 ™ E B ABE 28 ¢ ] L3 aof I i s 2
B2 1 400 2 A H B R i 2 A AR A O
I AHT B AT 00 AL S T N T AR . £ FLOW-
ERING LOCUS T (FT)&EH# 17 A 8] G &k, ™~
A BN B R A8 b 8 PHYTOENE DESATU-
RASE 3 (PDS3) 1) RNA % 55 A iy 5 15 5 4, DT 3K
553 B 2L Me 48 A A AL R R R 7 S N AE Y . Hu
ST ¥ 7 4 A ABE 5 42, 43 Bl #F % BrPDS |
BnALS % 9 N3 &% 31 T 18 4~ sgRNA #1748 [
ABE F G 1 2050, 78 H i AL S h A T A AL
() ABE PR G 2R 4t

TSR AEFP A o B P G A2 B e RS L B
LA ) ot P2 O X 2% R U ) A AR AR . R
X KT RR 14 2% B B 36 A A 880, WP R BE B AR /N o
5 T Xm0 2k AR B TSR . B
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SERUR e SRR R =35 2000, AT X S g
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Table 1 Application of CRISPR/Cas9 gene editing technologies in Brassica napus
TR LR AR AR S FRARKFTY EZ PN
Traits Gene editing technology Target gene Mutant phenotype Reference
CRISPR/Cas9 BaCLV1/2/3 LR [9]
CRISPR/Cas9 BnEOD3 FpFA5/IN, RS [10]
CRISPR/Cas9 BnAP36s/39s 45 SR FRAIG [11]
CRISPR/Cas9 BnMAX1 TR IEAL S B [12]
CRISPR/Cas9 BnD14 JBAb 2R AR E RS [13]
Pk CRISPR/Cas9 BnA03.BP TR B, BRI R 12 [14]
CRISPR/Cas9 BnBRI1 Ttk B [15]
CRISPR/Cas9 BnA10.LMII AR [16]
CRISPR/Cas9 BnA10.RCO R REE [17]
CBE BnA06.RGA FRREL [72]
CBE BnRGA .BnIAA7 TR [71]
CRISPR/Cas9 BnLPAT2/5 FhF IR A, il RS [21]
CRISPR/Cas9 BnSFAR4/5 FhF & 4R [18]
CRISPR/Cas9 BnFAXI FIF O AR [19]
CRISPR/Cas9 BnBASS?2 FIF S I AT [22]
I R A CRISPR/Cas9 BnCIPK9 FhF Ari b EL s, ABA #r BHL S [20]
CRISPR/Cas9 BnFAD2 RPN AR & A [23]
CRISPR/Cas9 BnLECI g;gim%w MRS RIEM, TS [24]
CRISPR/Cas9 BnPPTI1 TR & B IR, 7 Sl =R AIC [25]
CRISPR/Cas9 BnALC b [26]
CRISPR/Cas9 BnJAG b [27]
B N
CRISPR/Cas9 BnIND B (28]
CRISPR/Cas9 BnSHP1/2 i [29]
CRISPR/Cas9 BnTT2 HEAT B0 i iR IR AR AR [30]
CRISPR/Cas9 BnTTS HORF BT 2 b R L IR TR ZH R (32]
CRISPR/Cas9 BnTTA HORF BT bR DR IR A [31]
6 78 45 (5 AR CRISPR/Cas9 BnPAP2 B [33]
CRISPR/Cas9 BnA09.ZEP/BnC09.ZEP ¥ (0465 [34]
CRISPR/Cas9 BnCRTISO FLE AL IR A R (35]
CRISPR/Cas9 BnYCO FurEfl, B AR [36]
CRISPR/Cas9 BnFisH]1 Frfk [37]
CRISPR/Cas9 BnSDGS Livia [39]
CRISPR/Cas9 BnTFLI SRR bR AR [38]
CRISPR/Cas9 BaSVP RAE [40]
TERER AL R & CRISPR/Cas9 BnCOL9 e [41]
CRISPR/Cas9 BnSPL3 MR Z B IRGE , Witk [42]
CRISPR/Cas9 BnAP2 R — 0 B B [43]
ABE BnET .BuPDS3 I ANEL 4 [74]
CRISPR/Cas9 BnA5.ZML1 32 35 AR AR [45]
CRISPR/Cas9 BnS6-SMI2 A 3R FIH R [46]
- CRISPR/Cas9 BrARCI B8N 2 IR 6 A ] [44]
CRISPR/Cas9 BnMS5a/BnMS5¢ HEEARE [47]
CRISPR/Cas9 BaRFL11 i ¥ N [48]
CRISPR/Cas9 BuCYP704B1 i N= [49]
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%1 Continued Table 1
RN B g AR AL RAFAFA 225 3k
Traits Gene editing technology Target gene Mutant phenotype Reference
CRISPR/Cas9 BalTPK FhFHERR & R AR [52]
CRISPR/Cas9 BanGTR2 FhF BT & BRI [50-51]
. CRISPR/Cas9 BnVTE4 a-/F T B i PR (53]
CRISPR/Cas9 BnA09. WRKY47 X AR i3 B R [54]
CRISPR/Cas9 BaCUPI R AIAR R SR AR SR [55]
CRISPR/Cas9 BnGPR]1 XAV 0 o R [56]
CRISPR/Cas9 BaWRKY70 i Lza] [57]
CRISPR/Cas9 BnQCRS B PRI R [59]
CRISPR/Cas9 BnEF5H ZESR PRSI U (58]
CRISPR/Cas9 BuMPK3 FEAZRGHTE PR [61]
CRISPR/Cas9 BaIDA FERPIRL AT BB PR [60]
T CRISPR/Cas9 BnCRTla e ] [62]
CRISPR/Cas9 BnEPSPS B R [76]
CRISPR/Cas9 BrA06.RGA i} 5% [63]
CRISPR/Cas9 BnHOS1 T S P 1 iR [66]
CRISPR/Cas9 BnSGI O RSN [65]
CRISPR/Cas9 BnPUBIS/ 19 i} 5 [64]
CBE BnALS Bk [71-73]
CRISPR/Cas9 BnSTM SETG R B S TS [67]
CRISPR/Cas9 BaNTTI JAR LT S MR IRSE [68]
HoAt CRISPR/Cas9 BaNTT2 KM E TR MR KRS [69]
CRISPR/Cas9 BnSBE TEM SR U [70]
ABE 9ANFEH TeRAIMEE [75]
3 B B Rtk

CRISPR/Cas9 4 X g 5 H AR W7 H 2R K0 FE
S ZEIERNAGBRRET), O 2 H Tt EE
PER ) JE Bl BIF 98 A A 2R . {H CRISPR/Cas9 4t
P 24 0 B R 1 8 3z 3 S 1k 3k 2, SRR AZ B AR FE
SN IZ oA T A P TS
31 RAENEHESENERRETIR

CRISPR/Cas9 5K g He A BARTEMSR H 2 4
HEST T AR FR RS2 R 43 A T S ) L F AR
SR TR AR S AR R . SRR A B TR
HH A R 22 A8 R B R R i 1T Y indel T 1Y
PH I, ) 358 4% 22 B 1 RO 10 2 O PR 2 0 AR
AREEEEY . BHECYIE,BR T CBE M ABEFE
S AW FHAN , FHARORS B 4 5L R 4 545 i GBE
LB G 6 A R e 5 i e PE 41 R A8 il 3 i ) 51
o AR AR S A H 22 D RE A AR FH TR S
S A R b A R e PR S X6 T SR8 A A R A

3.2 RWHFKEEFHLZERSE

H i 1k, CRISPR/Cas9 7 i1 35 b 4 i ] 35 %
MEEARAT T A5 10 B 7% Aok A% 3% CRISPR #4k .
SR, — L B H B R M A = 1
G AR ITA Z) 4k . B RTHGE R AT R A2
T50 A% B AR 0 Tl i b A M R R 2 A M R,
HAEE SR A Westar (862, Haydn % , 2 &A% 5 Fl A7
19707 9712786 55 . BRuL =24, %F THAR L LU 1k
(R BT it T SR S R, AT DA R R A R AR R IR T il
WAL AL SZ R BRI, oK b B2 o AL B & &
A B WUS2 F BBM S8 T Ra i i AL 564k . 78
1 £ 30 a B, LA SE R FRATTHR AL T OC T HEHDE
BRAFER P TEANGER, 3 2 WL AR 4k 52 R
AR BRI AL 3R IF 54 2Rk B T vk — e,
B BOR W, 97 G G 5 A I AS [] S i i)
JEFE BLAh, AU IR Bl E AR L BRAR
FERT ELB% 1. L, IR R O A LIRE FRBBh 2% r v
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NG RATORE 5 B 3% KA B Tt — 259K CRIS-
PR/Cas9 7EH =2 H B9 W H o
3.3 F/ACRISPR/CasOFEM¥khiEeERFA
R E

CRISPR/Cas9 A 1 = 80 23 7 1l A E A Fh AR
Yy U R4 M 28 R rh AT el R R e . BT
CRISPR/Cas9 1 ¥ [if) 4 5 1k 5 i 14> 20 bp Y
sgRNA T 19, DA AT LAAR 75 5 b R R ASE Hb 35 T ¥4
GG BUSERL AT R SCHE o X K A JE R 1 9 CRIS-
PR/Cas9 15748 Z 4t 2 2 i 2 H /K R A B K R4k
9%, BN, Lu %7 F) ] CRISPR/Cas9 £ 48 75 /K 75
R AT DA RS A 5 A8, I A TR 1 T R dil 2k
FRARR S, Ry K RERIE S FE R AL T B BE U5
LiuZE 80 5T CRISPR/Cas9 4 2 1 1w 1 5 5 1) 175
A 5 3 A% RN R A 2 AR S, R A e T
TA3N 5G4 LRVE TR S 5L K . $5lT , He
AU CRISPR YR A SCZE 76 H 105 0 3 28 5 U8 3%
PRy e 52 20 56 DX 2RSS 0 0 1) G, R0 T
18 414 4~ sgRNA S H [a] 10 480 /™24 B 1) KL [, i
JEARAE T 1 104 ¥R &A1 0881 sgRNA Fl A= % JE [H]
), i a5 R s, 178 ML P A 93 4B 4 5
AR HARRCR A 52.2% o B L AT UL, #JH CRISPR/
Cas9 5 B =y 3 2 114 08 ) 366 DR 25 8, O 0 R AR 2 A8
SO K 2 R 33 T S R A DR B B R ) R
LS
3.4 ERRmESARMNFARIRRZ MR EF

AR CRISPR/Cas9 5 [H 4 5 1 AR DL LR 52 L&
R IR OS2 18 T3 532 14 35 PR 2y BB AT 9
W R H RS T I ga i B R B JF AR =
BRI o LA FH A A S, — 2T B H AR S R 4
BN TR, LG A D RE AR LS ; — e
BT 0 LI S A AR, DR O TR 4 A 1
HERPE AN 4

L g AR IR R DT REY , & TR R H g — gt
B A DR 1« (1) 40 M 28 R0 RN L vl bk . SR
U T 240 A RN 2H 2L R g R ) T AT RS R AT LR 4
I 2 I PR 2 0 ) RO AT 5 (2) S5k PR 8 1 9 1
FE G o ik PR i Tl T I 8 XU sl AN R
S, T B A 4 e 1) VR R 2 A 5 (3) B 1A
TR IA) . 5 [N 4 8 6 K 31 A i R A5 15 B ek
AT L 2 1R A R n) A, L R A O Yk
R
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CRISPR/Cas9 based gene editing and its application
in Brassica napus L.

XU Lei, HE Hanzi, FAN Chuchuan

National Key Laboratory of Crop Genetic Improvement/Hubei Hongshan Laboratory,
Huazhong Agricultural University, Wuhan 430070, China

Abstract Rapeseed is the second largest oil crop in the world and the most important source of edible
vegetable oil in China. Rapeseed breeders have attempted to breed elite varieties through traditional breed-
ing schemes for a long time. However, Brassica napus L. is an allotetraploid species that evolved from dou-
ble diploidization after interspecific hybridization, and there is a significant amount of gene redundancy in its
genome. Therefore, the efficiency of improving traits through traditional genetic methods including artificial
hybridization selection and random mutagenesis is very low. In recent years, CRISPR/Cas9 technology has
been widely used in studying gene function and targeted genetic improvement of polyploid rapeseed due to
its unique advantages of high efficiency and simplicity. It is timely to apply CRISPR/Cas9 gene editing tech-
nology to Brassica napus 1.. for the rapid and efficient innovation of germplasm resource and genetic im-
provement. This article reviewed the progress towards the application of CRISPR/Cas9 system in studying
gene function and genetic improvement of rapeseed , involving important agronomic traits such as yield, the
content of oil, the composition of fatty acid, the tolerance of biological and abiotic stress. The limitations
of gene editing in rapeseed and the directions for future development were discussed as well.

Keywords CRISPR/Cas9; gene editing; Brassica napus 1.. ; innovation of germplasms; crop genet

ic improvement

FAL % 45 . 7K E4R)



