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GERFW] T MARFR P R4 T H RS

P B S AR HE P B KR Ly NFR1 R #4751 A B9 R BR SR N 58.3%, &%}E{‘zﬁ 2 b R BR R R 0

K& GmNFR1 A 55 1 4 A9 wk

Ik 5% R 33.3%, ¥4 o5 2 AL O R BR AR N 41.7 %,

— BT 5 M e

CRISPR/Cas9 RG] [Al i @ pr K G4 F4ifih NFR1 R 2 AR JR 3 K (GmNFR1 GmNFRl/))J\ﬂIﬁJMﬁ

W 3k B ) g

AL PRI JE
%48  CRISPR/Cas9; H:H 4 4 H AR
FESES S1887.1 XHARINED A

TUARARME T AR HE .

LN 2H 9 B 2 R (genome editing technology)
s NATAE 132 F0 803t K PR 2 B 1Y B B I ] 35t A% A F T
FBZ 1 AR R, LU AR 5 R W Cse-
quence-specific nucleases, SSNs) Sk T. H. %) 3 K] 2
R R R B b B R TR ) R TR AL g R
SR AR AR | R S R AR SR D 2
Bt ML A5 98 75 4 L1, SSN's i st 35 591 9 1 3 P9 21
R 7 2, 7EAE DNA XUEE B 24 (double strand
break, DSB) , M Ml BTG AL W) 1A 8 2 B 18 5 R 58, LA
AE [A] J7 K %% 7% $% (nonhomologous end joining,
NHED #9757 78 DSB Ak 2 17 A K i 18 52 . 08 5L
AN (1 4 A B R 9 AR B 48 A% R [ (Zinc
finger nuclease, ZFN) Fll 2 % 5% Ui P 2000 ) #%
W2 W (transcription activator-like effector nuclease,
TALEN) %,

CRISPR (clustered regularly interspaced short
palindromic repeat, CRISPR) £ A& J& 4% ZFN #1
TALENSs 2 J5 iU i ) 55 = X SSNs S [K] 2 5 4
AR, & H B 5 M RNA (single guide RNA,
sgRNA) M1 52 sgRNA 5| 3 I V) & DNA XUHE
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R LK P R FE P o SR AR T A A AR S
i R 2 5 R R 2 G 4598 I F (Nod factor) Y
GEEE T2 AR B NEFR1, 122 3 K 2 728 2 fifi 48 Ak X
G598 R F AR B B AN S5 RS O T
T A R DG TR 1 98 AR I IR i B 2 B B R AR M
SRR 2% A WS R CRISPR/Cas9 £ 48 #il 5L
FHEY A B BREALEAR, LA KR (Lotus ja-
ponicus) MK T (Glycine max) W) 45 N T Z K %
it} NFR1 ¥R A, 24307 SR W) A A% vh il B 3t
AAG S A DG B FE R B A vy A R OGS R
F18 9 78 A B B A AR S 4%

1 #RE7I*E

1.1 # #

KB & B Agrobacterium
LBA1334 17 kAR BF 2L U T8 Mesorhizobium Lo-
ti MAFF303099 F1R &L BF A= BRIV 6 Sinorhizobi-
um fredii USD205 fy 48 bRl K 27 Rl i A 1) 2
HREAEm SR, &ak® U 331
(LjU6) a1 384K pBluescript-LjU6 Fl4 Cas9 3
B RICH AP BOLEE AL 88 pCAMBIA1300-sGEP-
Cas9 HZEH P 7E S o0 B & IR, 24 BBk
tRNA-sgRNA I M PTG (polycistronic tR-
NA-gRNA,PTG) B i 46 v Al K~ A8 ) B2 4
AR B8 W R A S A N VR v i A 2 A
7 & pEASY-Blunt Zero Cloning kit N2 &4
HIRA A M. KOD-plus DNA 245 Toyobo
] 25 R BRI E N VTG4 Fermentase 23 A 7
airs Gibson 4% il — 20 ¥k W 3 1A &R M G R A
TaKaRaZy 7)™ . PCR 5147 9 & S 7 TAF: i
WDUERLBHT A= YR RS R 58 1.

12 BRR.KXEERFRARLA S sgRNA &1t

BT E BKAR R G B KA P8 A AE e o A Bk
ff CRISPR-P (http://cbi. hzau. edu. cn/cgi-bin/
CRISPRO"M, 45 H ¥ 76 A B 00 . AR 90 B A {6
1 GC & 253 BITE B AR FI R Zorp ik £ Hovr 2 450
fr g B sgRNA 751 .

LjNFR1gRNAL:

5'-CCATTTCCATGTGACTGTATTGG-3';

LiNFR1gRNA2.

5'-CAGTGTATCCCCAGGCCTAATGG-3';

GmNFR1gRNAL:

5 -CCTATGATTCGATTGCGAAAGTG-3';

rhizogenes

GmNFR1gRNA2:
5'-CCTGGTGTCAATTTCAGCAAAGA-3',
1.3 CRISPR/Cas9 # & 44 2
LA PTG Rtk i AR RS 91, 76 @ Ik
AR T 4 513K 45 2 4~ gRNA [ PTG 741, il
id Gibson iR — 4 #E B % A4 Bbs | R PE{L Y
HrE] 24K pBluescript-LjU6 W, Kpn 1 1 Xba 1
MV a1 8“LjU6 Ja 8 7-PTG"E 1 sgRNA #
K I, & Cas9 ik ¥ o 1) K pCAM-
BIA1300-sGFP & Kpn | Ml Xba | &kt G 5
sgRNA 3£ ik Fi o0 [l i% %% &, fx & 3K 1% CRISPR/
Cas9 75 LRHE Y i 3Rk BA .
14 ERRAENSHERR . KEERELLE
BT EEESH CHER[20-21 ], IF IR B
B, #gk 5 d I IJETE 4 A EE S F it 2~3 mm
A0 T VR Bl 5 S 5 D L P A R H ) BORL Y & AR
KFTHE A. rhizogenes LBA1334 BRI 441 T
Hh 30~60 min, H K T U8 4%FF 4 1 2% 1 T W T,
R TS 2% RERE R MS [B R R R S, B 3R
L JAJGE R4 U0 1AL A BT I R iR KR 5 R
AN AR BB R 2 300 mg/L FFETTHY HRE
AR SR EE UK B 48, 29 10 d 24 B AR R IRl
PIRAb R . R X 58 5t B30 T W4, ) B3 Al 4%
EOCRTBAPERL , 85 £ TC 9Ot py IR BAVEAR . oA 3
WA/ B EBRE REUN 2« DIRG I b YUk RS
7 6 d )5 FFhE BKARARIE 1/ (M. loti MAFF303099)
R T MR (S, fredii USD205),3 J& )G 4t 45
15 EFEADNAMRNEENEFEBALAMNRET
i)
BYHL — A Bk AR 5 K B AR 4 21 T 1.5
mL EP 45 1, R 1 CTAB ¥l #2 & Wk MR %&£ & 4
DNA, VIFHMMEIEE 4 DNA FEH, ¥ 1 NFR1
FLAEEAL S X EF S, PCR 5I4MI0F .
LjNFR1-F;
5'-GCTGGGGCATGTTTGTTTCCATGTG-3';
LjNFR1-R:
5-CATACATCTTCCAGGAATGAAAGCTATCCCAC-3';
GmNFR1-F.
5'-CTCAATAT-TCCATTCCCCTGTG-3';
GmNFRI1-R:
5'-CCAAATCCGATTAGAGAACAACATC-3';
GmNFR1b-F.
5'-GGTGAGTTTCTGGGGCATGTGTTTG-3';
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GmNFR106-R;
5-GTTATTTTGGTGTACTCATCAATGTAT -3',
Py =Yy BUR L 3% A pEASY-Blunt 2K 3 2%
& b Ak s PR e B Y . A DNAMAN 7
7] ttxi&ﬂ##%iﬂﬂr?é*%%mm& K& NFR1 #H
OGN BEAT HE X, X 5 AT BT

2 HREGH

sgRNA Wigit 5T A E

CRISPR/Cas9 &4t " sgRNA 5" 31 20 48
IR ESAH PAM FH(NGG) B A 5 H Ah
e, 515 Cas9 %R N ) il 7E 58407 i N 10 1) 366 PR 4R
R EE B B, o T 58 CRISPR/Cas9 & 48X &2

A

2.1

2
A\

-~

LiNFR1
-

1 2
A4

cnyrrl [ —H-E-EHHEH—HED
!

| Polycistronic tRNA-gRNA(PTG)

LJU6 promoter I tRNA iRNAl tRNA gRNAY lTermmator

/’ Sso

5 CCATTTCCATGTGACTGTAT3 5'-CAGTGTATCCCCAGGCCTAA-3'

c Polycistronic tRNA-gRNA(PTG) |

Ljué promoter

Terminator

AR 0y I PR 1 i B A% 3 B AT A 7 PRAR L K
SR T Z IR NFR1 4TI, K
P SCHR[19 ] PTG 2544 A BT 7 3, 15 B kAR
KEH NFR1 FEHFH, 40 A #5140
TN EIF I LiUe JBsh FIashi&f 2 4
B S sgRNA RIKHIT(E 1A B.O) , 5 EH
Cas9 ik B0 19 2K pCAMBIA1300-sGFP i it
fiti V) g 3% 4 & W 7€ % () CRISPR/Cas9 %R %
(B 1D) ., Hif pCAMBIA1300-sGFP H % 3% B 4 52
B2 2 5 i pCAMBIA1300 4K ok v M ok , B J5E
WK E Hygromycin-resistance 3R &l Cas9
EARBBPITTAE MG LN M S EAKIEEA
(sGFP)RIKHIT,

in
2 ”

ka
nam)’e
zeygd

3 pC1300-sGFP-2 x 355-Cas9-
= pLju6-gRNA(NFR1)
& 15 445 bp
=]
N
Lo
SR
5T
%5
%
<

QS

tRNA iRNAl tRNA gR NAZ

SN
~o

5 ATGATTCGATTGCGAAAGTG 305 GGTGTCCAATTTCAGCAAAG 3

AU TEE PR K NFR1 B B4, FHARRSN B R BACR NS 7, AR AR G = A B A AT R 20, 5 3k T R IX
AR5 PCR 984 51 91 945 432 45 BLC: T IR L K5 NFR1 2P sgRNA ik 8050, 154 gRNA 413 AR R 13T 80 ¥ 91 (£ @ 25

T MRSF B RIFH (R B E £ ") 5 D: CRSIPR/Cas9 F 4t W i 4% 1k 3 /K B13% . A Schematic illustrating the two sgRNA (red
lines) targeting the NFR1 gene of Lotus japonicus and Glycine max respctively. The boxes indicate exons,lines indicate introns, The ar-
eas pointed out by arrows represent the binding sites of the primers used for PCR amplification; B, C:Schematic depiction of the method
for constructing the expressing cassettes of sgRNAs in Lotus japonicus and Glycine max ,each gRNA contains conserved scaffold (la-
beled as green square) and a target-specific spacer (labeled as a diamond with different color); D:Diagram of CRISPR/Cas9 transient

expression system vector.

B 1 CRISPR/Cas) N SMEEITHREE
Fig.1 Schematic diagram of CRISPR/Cas9-mediated gene targeting
2.2 CRISPR/Cas9 R&N S = REH R & & o AE AR SR U SN S5 R B 58 AR AR R
NFR1 EFEM T ué&mw 5%, RE Y 54.5%(E D, fEANE

/I R I o ol el o TS e Sl N
NFR1 55 —2598 N F Z R i NFR5(Nod factor
receptor 5, NFR5) I W 558 — BARIL R A IT 454
S0 DN DT TS T U 45 R0 AH DG BE R A 3k, e
BRI 28 T IR 0, AW 9T B T B AR B
NGRS AR WD MR 5 NFR1 B ) 6E 1Y
B A%, X EW,CRISPR/Cas9 £ 4 1] E ] 4

FHAE AT X 7 3 K 19 CRISPR/Cas9 %3k & 40 it
$ 23 FAK pCAMBIA1300-sGFP i ki 14 & AR 4% 1
B A. rhizogenes LBA1334 2420 PKkAR A1 K S 4h TG
)T RS AL, SRS G S B AR . 02 12 Fh AR R 1
SRR, RER EEKIRS K,
5 Ab2s AR (0 X B AL A, f CRISPR/Cas9 &
3¢ 1) e e TR AR 2R b 45 R B W 3 b (& 2ABLC
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SRME YA S HE A L I H A i AR 5% Ak B R nT b
H UL ER 2 H B 3L A e ok S A,
2.3 CRISPR/Cas9 Z4%& X ERI#&E% NFR1 ERF B

5 CRISPR/Cas9 & 4% NFR1 2 H Mm% A C,
ABFFTREAL PR L 8 Bk Bk L6 kK T FL AR &
Hp G PR B8/ R R BR TR B A% BH ME B AR R O T A

i R H %R 48 DNA, FFRe 55 1 ™ 3 #8407 5 72 DXl Be s
H T — LSRRG RGO FERES BN 700 bp(EI 1T A), PCR &1y 7 W13 1
1 BREEERORTE
Table 1 Determinatin of mutant rate in transgenetic hairy roots based on phenotype
Py i B el 5 PR AR R XT3 AR/ %
Species Target gene Transgenetic plant Mutant plants Mutant rate
HIKHR Lotus japonicus LjNFR1 64 24 37.5
HHKAR Lotus japonicus CK 52 0 0.0
K& Glycine max GmNFR1 11 6 54.5
K5 Glycine max CK 8 0 0.0
oy CURMEBR
% 8 T Immature nodule
e 0o RBR
b T Mature nodule
a gt
=)
% 5} n=24
C = a4 T
=
A z  3r T
% ol
s
=
e . .
Py 0 ector CRISPR/
Cas9-LiNFR1
% 251 n=11 N
CRISPR Cas9- = L O R SRR E
% GmNFR1 = 20 T Immature nodule
: 5 B R R
Z 15F Mature nodule
>
D =
B
z n=6
& *%
= oor
R
# . .
e Vector CRISPR/

Cas9-GmNFR1

ALB: T PKAR 5 K G IR Af bR 5 CRISPR/ Cas9 %% 3k R A A (9 25988 & 8 C. 7 B AR P X ORI CRISPR/Cas9-Lj NFR1 %% 3t X bk
M85 A A s D R X Al CRISPR/Cas9-Gm NFR 1 5% 3 RS AR (0 25 R B L 45, « x FoRfE P<<0.01 K P25 8%, A,B:Nod-

ulation phenotypes of control and CRISPR/Cas9 transgentic hairy roots in Lotus japonicus and Glycine max »respectively; C: The nod-

ule numbers per plant on control and CRISPR/Cas9-LjNFR1 transgenetic hairy roots; D:The nodule numbers per plant on control and

CRISPR/Cas9-GmNFR]1 transgenetic hairy roots. * * indicate statistically significant differences at P<C0.01 between treatments and

controls.

B 2 CRISPR/Cas9) &4t 3t NFR1 & E K418 & I 4k 45 78
Fig.2 CRISPR/Cas9-mediated mutagenesis of NFR1 effects nodule formation

WIS % A pEASY-Blunt “ER #4510 )5 %
BEBLPEZE 12 A 5 5 B A7 00 % 20 A . & BLAE DK
MRBEHL PR LR 12 A FEkEdh . A 7 7 LiNFR1 4§
P 1 Kb R A R 5 AR, 98 48 T8 Xk /N i B 1 4l A
H B B ROCR N 58.3% (7/12) . {H R BELEHE
A5 2 AERE I 28 (P 3A) . 245 R R T bR
1 sgRNATL fES| S Cas9 # 178 #0407 5 47 85 917

SRIM sgRNA2 H LA F CRISPR W 4n . X AJ
fig s M T sgRNA2 Fr & (19 20 bp R /7 51 5 & K 21
AR AL 5 A A R A T X A sgRNAZ B, M i
JoikE S Cas) 454 3 LiNFR1 WA A 2
fb. K& GmNFR1 FEH BYEEAL 8 1 A1 2 B4 I )
AN BRSO B R 2 R ) 58 AR L G B R A
33.3% (4/12) M 41.7% (5/12) (& 3B), Uil kK&
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X 2 A4 sgRNA R R LR 41 & B AR AL 5L

It H G 8 80R A

24 CRISPR/Cas9 RGNS & WIREE M HIE
KEIEHNAPHFAES GunNFR1 [R5 — %

GmNFR1b, 4 TiEW CRISPR/Cas9 % %t HE i

BrRZ WA AR KRG NFR1 ZK M 2 4

Target 1

LjNFR1

PAM

FTHEAT S Y B GmNFR1 Ml GmNFR 16 KA 1Y
FIRX IR . RIS MY 8 GnNFR1b 8
LA KB R B, MR 3R Dy LB LR 8 > H 5
Wyt R A A 5 DI bETE GmNFR 16 fLAL
MO A A A 4 AR 2 Ah R AR,
AR 62.5% (5/8) 1 50% (4/8) , RAEF

PAM

Target 2

ICAGGAT

Target 2

PNEGTGTCAATTTCAGCAR

AT MR LiNFR1 3 R0 5 5848 B F A s B KT GmNFR 1 3 PR #7558 738 5300 57 46 30 5 A5 0 1) 2 5% 8 7R SR A8 By 2 0 (4 — 7
TGS R AD B F IR R B A REA L. A Detection of targeted mutation (deletion or insertion) of LjNFR1

gene based on DNA sequencing; B:Detection of targeted mutation (deletion or insertion) of GmNFR1 gene based on DNA sequencing.

Black number in right side means the type of mutation (*—" indicates DNA deletions; “-+”

tant clones and the mutant rate are at right boxes.

indicates DNA insertions).The No.of mu-

3 CRISPR/Cas) N SHIE IR KE NFR1 WE R %K\
Fig.3 CRISPR/Cas9-meditated gene editing of NFR1 in Lotus japonicus and Glycine max

GmNFR1b
PAM

Target 1
GACA A

CACCEATGTT........ GCRRAINTG -7
CACCIATGAAGTCAATGGGRARAGHGC +1
....................... G2 -22
TGC.TACARA....... TGCGAGHATGTGUT -6

\TGA \ AAA ACATATGC
[ CACCTATGAT . TCGATTGCGARAGHGA WT
9

PAM Target 2
AATCCTGGTGT \ATTTCAGCAAAGAGA
PYeJSVeCTGETGT. . CAATTICAGCARA GAWT
adiaT CTGGT....... TTICAGCARA®IGE 5
JBYeCTGEET . . . . TGTITIGATTGAATEAC—2
1Yo ) S¥eCTGET GTTGCAATTICAGCARARLGE +2
...................... G220

KL F 52 R G NFR 16 56 PR 5825 1 DU 7 A 00 5 4 00 9 PR 57 36 7R 28 AR Y 28 8 ( — "R AR B R 5« + "R 3R 4 A s U R R &
AR W B R ECRT L B . Detection of targeted mutation (deletion or insertion) of GmNFR1 gene based on DNA sequencing. The black

number in right side means the type of mutation(“—" indicates DNA deletions; “-+” indicates DNA insertions). The No.of mutant

clones and the mutant rate are shown at right boxes..

B 4 CRISPR/Cas9) &% Xt GmNFR1 REERE GmNFR1b HI4R4E
Fig.4 CRISPR/Cas9-mediated gene editing in homologous gene of GmNFR1

5 GmNFR1 BRI N I 2848 203 (B 4) . Bt A]
I 8 2k ) [ R PR 5 A B A A I sgRNA %3t
44k s CRISPR/Cas9 & 4t 1l HI T 24~ P 3L A 1)
RS 5 IO TR 5 e A AE W v 22 A [ U R TR 7 ) g
TURHAERE L,

3 it

AL RS T WEFEAE W) T RESE N 4 2 BoA T2
DS BuR/b: N e v ik I R NS R

%

14 28 735 1A 2 Bt AL b A 35 DR A 2 AN o7 i 7= AR 2R 7R
TG H L R R AT v BT . (R S Sk
B2 S R R R I — A BT R B
WK AR 224 H 1 3 PR 3 ) i Bk 1) 58 28 R o Wk 5 3
A [ W 4% 14y et . CRISPR/Cas9 & 45 1T [a] if
e I PR A 22 A4S B0 A s JOBUARE B 11 i S 3 % A
Py A P 14 A [R) 8K s 18 52 AL T 45 A i AR TR L
AR 1) 37 A TR Bl O R 5 AR L i R H ) SE R RS G
M SE B 224 H i 36 P B . 1A 1 RNA T
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Yo AR AR K 5 E A 3k PR T 3R i 3 2 R o

CRISPR/Cas9 F 4t 76 A1 1) 7 W 5% v 3= 258 &
9 AR FF T A 3 19 B T AR X 5 % 6 DR i 47 7 A
B I AT AE H 38 7= AR R AR o B AR E) H S
afi 5 AR K, ABFSOE CRISPR/Cas9 5E 4 4t B8 £
i i T SR ) B AR T Ak v, 78 KR AR o
F1 25 N7 T X H A 6 R AT PR SRR AR R
SR FH B MR A Ak, — T R KR 4 3 R 5
—J7 i CRISPR/Cas9 £ 48 1 %5 X 52 4% 3k [X
(A VR4 Can R 0 v ) 07 FH AR 98 T el . AR F5E h
CRISPR/Cas9 & Gtk H £ 1~ sgRNA H B R E MW
PTG 220, SE 8 T 6 A WA K 5 4590 B 7 32 1%
fiti NFR1 58 (%) Z2 80 55 4 5 . CRISPR R S 78 A Jik
MK NFR1 L P 448 28 80 32 2 2/ Fr Bedf
AR (B 3.4) , FF B A6 B KR 8847 8 1 b %8
AR 58.3% . M HAL 2 b RAEHE N 0%, X
VLI A ) sgRNA 51 5% Cas9 2 1847 #0 1) 1] 1
M RE 1A TR, sgRNA 8838 47 7 & GC & =+ H
RIS A5 A S R AR G L X — 2 FPE T R o e
Cas9 & H XA S R, SRR, £ Gm-
NER1 Fl GinNFR1b — 2 ) [a) P8 X 58, %6 B0 A7 15
FEETE sgRNA AT [R] B i B ax 2 A ) i 3k 1A, 28 748
Fih 5450 (B O . BT Sy A2 A5
HINBETUAR A, B2 5 4 0 2% 0 55 R W 2% %
5T L 0 P 45 02 i i B L L 2 4
AL CRISPR/Cas9 Jk M 4 i 5 Ge %+ 0 5% iX 25 D) g
TURMIERBE R A T2 E X,

A AR5 IR K& L CRISPR/Cas9 4 H: K £
MR AR AE — BB 0 A7 45 9 R A A TR MR (18] 2A.0) .
X AT RE S T B AR R AL AR v, R ) e S B AR
BT A F S e 0148 B %R AR,
RO 7E BH M B MR L o] B8 [ B A7 7E K BE A
CRISPR/Cas9 ik Z Gt 1 4 A , 4215 3 i 240 J 7Y 1X
BUTERE MR S M A i g R, S 8Ux — 2%
BH P AR fe 24 2 B0 i B R IR S i ik A R R A, S5k
[ Bf, CRISPR/Cas9 % ik R Gidfi A Ye @ K17 & 1)
AN T A AT R i AL R 5 280 1 AN T B 7 7 e 2 2
JLE R R 20 I AR 5 T CRISPR/Cas9 £ ik &
G2 8K H I R I AT & A AR L T DA X R AT i 1Y
FER A 2 S AERITC R

¥4 CRISPR/Cas9 R4tis H T HBHE Y B AR 5%
fhad B, BOAR AR T A SR L (R R o B R R
MR AEAE Wi G IR E XA — @ B 298 X T

FELCSL PRI . Pk, CRISPR/Cas9 R 481
B AT Il T 58 AR PR R AR g PR, 2R
20 43 B A B 6 R D] Y SR A, T 58 A AR e B
b2 3 e AR T 8 AR AR B 8 A I R AR A

2 % X #
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CRISPR/Cas9-mediated symbiotic genes mutagenesis

in legumes by hairy root transformation

TAN Qian

WANG Longxiang ZHANG Xianpeng YU Haixiang ZHANG Zhongming
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Abstract

Combined with hairy root transformation, CRISPR/Cas9 is used to edit multiple sites in

Nod factor receptor 1(NFR1) of Lotus japonicus and Glycine max , to quickly obtain the target mu-

tants. The results showed that target gene mutants were generated in both of them. Editing efficiency of

target 1 in LiNFR1 was 58.3%.No mutation was detected on target 2. The efficiency of target 1 and tar-

get 2 in Glycine max was 33.3% and 41.7% ,respectively.Further sequencing analysis demonstrated that

the CRISPR/Cas9 system is capable to simultaneously knockout multiple homologous genes in Glycine

max »implying that the CRISPR/Cas9 can functionally manipulate redundant genes in plants.Exertion of

the CRISPR/Cas9 system in transgenetic hairy roots shortened the experimental cycle of obtaining the

desired mutants.
Keywords
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CRISPR/Cas9; genome editing technology; site-specific editing; Nod factor receptor 1;
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