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Application of CRISPR/Cas9 gene editing technology in fruit trees
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Abstract: Since its development in 2013, the CRISPR/Cas9 has become a valuable genome editing tool
that can cut DNA in specific regions of the genome, achieve specific changes in DNA and introduce
new repair mechanisms, and precisely delete, replace or insert specific sequences at target locations in
crop genomes. Compared with previous gene editing tools, this tool has obvious advantages such as sim-
plicity, high efficiency, low cost and powerful function. At present, the application of CRISPR/Cas9 in
citrus, grape, apple, banana, strawberry, kiwi, litchi, blueberry and other fruit crops has been reported.
In this paper, various applications of CRISPR/Cas9 gene editing technology in fruit trees were de-
scribed in detail, including albino phenotype, regulation of juvenile and flowering stage, regulation of
fruit quality and creation of dwarf, disease-resistant and pest resistant varieties. And the problems and
solutions of CRISPR/Cas9 gene editing technology were summarized. Compared with model plants, the
application of CRISPR/Cas9 in fruit crops is limited due to more complex genome and less mature ge-
netic transformation system. At present, CRISPR/Cas9 editing technology is mainly applied in fruit

crops such as citrus, grape, apple, banana and strawberry, and genome editing of fruit trees such as kiwi,
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litchi and blueberry has also been reported. In fruit crops, related work has been carried out mainly
around the following traits: (1) Albino phenotype, the phytoene desaturase (PDS) as an indicator gene
of CRISPR/Cas9 editing technology, is a more direct target trait and has been knocked out in most fruit
trees. (2) FTL and CEN genes were knocked out in apple and kiwifruit to regulate flowering stage, and
early flowering mutant plants were obtained. (3) Breeding of varieties for resistance to pests and diseas-
es through gene editing is the most widely used in fruit trees, especially in the study of resistance to cit-
rus canker by knocking out CsLOBI gene. In addition, banana resistant to wilt disease, grape resistant
to Botrytis cinerea, cocoa resistant to phytophthora disease and litchi resistant to phytophthora have
been developed. (4) CRISPR/Cas9 editing technique has also been used to create new plants with dwarf-
ing phenotypes in bananas and pears. (5) Using gene editing technology to improve fruit quality, the reg-
ulation of the synthesis of fruit nutrients in bananas, apples, and grapes has been achieved, and the ap-
pearance and quality of the fruit have also been improved and optimized, such as producing white-
skinned strawberries, kiwis with reduced epidermal hair or without hair. In the process of genetic trans-
formation of fruit trees, CRISPR/Cas9 vector almost infects plant tissues or organs through agrobacteri-
um-mediated method. Besides agrobacterium-mediated protoplast transformation, PEG mediated proto-
plast transformation has also been applied in apple and litchi. There are some differences in the transfor-
mation materials used by different species. For example, suspended embryonic cells are usually used in
bananas and grapes. Flower organs have also been reported to be used. The epicotyls is commonly used
in citrus, and leaf disks are commonly used in strawberry and kiwi. Cas9 and sgRNA are the core parts
of CRISPR/Cas9 editing vector. The expression of Cas9 and sgRNA is of decisive significance to the ed-
iting efficiency of vector. Most Cas9 promoters use the cauliflower mosaic virus promoter 35SCaMV
and the corn ubiquitin promoter Pubi. Arabidopsis U3 (AtU3) and U6 promoters (AtU6) and rice U3
(OsU3) and U6 promoters (OsU6) are commonly used as promoters of sgRNA. Endogenous plant pro-
moters U3 or U6 have been used in apple, citrus, grape and strawberry to activate and enhance the ex-
pression of sgRNA. It has been proved to be an effective means to improve editing efficiency. The effi-
ciency of gene editing in fruit trees is often diverse among different fruit trees, and even there are great
differences. Although CRISPR/Cas9 gene editing technology is a powerful and widely used tool, in
fact, there are still some inevitable problems in the application process. First, it is difficult to establish
conditions based on mature and stable tissue culture regeneration system and genetic transformation sys-
tem. Second, miss target effect is a common problem. Three, more appropriate Cas9 and sgRNA pro-
moters need to be selected. Therefore, continuous optimization of genetic transformation system and re-
generation system is essential for the application of CRISPR/Cas9 in fruit trees. The selection of gene
target sites and the design of sgRNA are very important in reducing miss efficiency. In addition, editing
vectors usually design multiple sgRNAs to simultaneously target a gene to improve the accuracy of edit-
ing the target gene. Selecting suitable promoters to simultaneously enhance the expression of Cas9 and
sgRNA is an important factor for high frequency mutation in fruit trees. In addition, emerging gene edit-
ing techniques could complement the CRISPR/Cas9 system, where single-base editing can precisely re-
place a single base, realizing C/G to A/T and C/G to A/T transformation, guided editing can realize all
types of base editing and CRISPR/Cpfl multi-gene editing system has more advantages than CRISPR/
Cas9 system in multiple gene editing and chromosome fragment deletion.
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Table 1 Application of CRISPR/Cas9 gene editing technology in fruit trees
. sgRNA S HE &%
N - Y N 9 - .. -
B% HEREE  HARER B T FrE CoSHIANT Fmnr  Bding ik
Species Target gene  Target trait Delivery method Material sgRNA  efficien- Refer-
promoter
promoter cy/% ence
R DIPM-1/ FUKBEI PEG /3 J5 2 i e JEPE R — — 0.50~ [10]
Apple  DIPM-2/ Resistance to fire PEG-mediated protoplast Embryogenic callus 6.90
DIPM-4 blight disease transfection or leaves
PDS S 2] BT F I B AL oy 358CaMV  AtU6-1  31.80  [11]
Albino phenotypes Agrobacterium-mediated leaf Leaves
discs transformation
PDS/TFLI  FLERE I KT P BV B BBV (Ze el PcUbi4-2 MdU3/ 9512/ [34]
Albino phenotypes,  Vacuum-infiltration in a suspen-  Younger leaves of Mdu6 93.00
early flowering sion of agrobacterium tumefaciens micro sprouts
IdnDH EARIAEM AR AATE A I EFARE A W A 4R — — 0.10  [35]
Biosynthesis of Agrobacterium-mediated suspen- Embryogenic callus
tartaric acid sion cells transformation
[l TeNPR3 PUE PRAFER AT (O B e 7 4 A CaMV35S  AtU6-26  27.00  [15]
Cacao Resistance to Agrobacterium-mediated transient Leaves
phytophthora disease leaf transformation
K#E  PDS L&t AT B AT (1 B VR A0 AL JVR A2k 2 ff CaMV35S  OsU6 100.00  [36]
Plantain Albino phenotype Agrobacterium-mediated suspen- Embryogenic cells
sion cells transformation
##¥  PDS L] TN B AT (1 B A0 AL A4 Ubil. 0sU3 100.00  [37]
Banana Albino phenotype Agrobacterium-mediated suspen- Embryogenic cells CaMV35S
sion cells transformation
MaGA200x2 FEALER LA AT 1R AL JVR A2k 2 f Pubi-H OsU6a/  70.00~ [38]
Dwarf phenotype Agrobacterium-mediated Embryogenic cells OsU3 95.00
suspension cells transformation
eBSV R RO RIS IR R A1 4 PcUbi 0sU6 95.00  [39]
Control of virus Agrobacterium-mediated Embryogenic cells
pathogenesis suspension cells transformation
LCYe PR B-I1E MR AT BRI T 0 T A A Ak JV A2 4 ff CaMV 0OsU3 — [40]
Regulation the syn- Agrobacterium-mediated Embryogenic cells
thesis of S-carotene suspension cells transformation
PDS S 2t PRAFER AT 10 BT Al A Ak R PEAm CaMV35S  OsU6 100.00  [36]
Albino phenotype Agrobacterium-mediated Embryogenic cells
suspension cells transformation
PDS/ BRI RACRT RT3 IR 4 5 1L JEEE 4 Pubi 0sU6 470/ [41]
Achr4P16380 Albino phenotype, Agrobacterium-mediated Embryogenic cells 11.10
dwarf phenotype suspension cells transformation
PDS SEE® 2] PRAF BRI T 10 BT A R Ak AR PEm Pubi OsU6a  100.00  [12]
Albino phenotype Agrobacterium-mediated Embryogenic cells
suspension cells transformation
DMR6 Pk AT BT AN e 1L JEE 2 2xCaMV35S OsU6  100.00  [42]
Resistance to wilt Agrobacterium-mediated Embryogenic cells
disease suspension cells transformation
PDS L& 3] AT BN F RGBT AL R s {e CaMV35s  OsU3 59.00  [43]
Albino phenotype Agrobacterium- mediated Immature male
embryogenic cell suspension flowers
cultures transformation
I  PDS LT LA HE AT E L bR YAO AtU6-26  25.00~ [44]
Citrus Albino phenotype Agrobacterium-mediated epicotyl Epicotyls 87.00
transformation
CsLOBI Bl RN T LA I CaMV35 — 23.80~ [45]
Resistance to Agrobacterium-mediated epicotyl Epicotyls 89.36
canker disease transformation
PDS L] RIFHEANF EIR A - JP Al 358 AtU6 15.55~  [46]
Albino phenotype Agrobacterium-mediated epicotyl Epicotyls 79.67

transformation
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- sgRNA iR &%
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A% BIREE AR FAL 7 FhH COSRAT Hapr  Eding it
Species Target gene  Target trait Delivery method Material sgRNA  efficien- Refer-
promoter
promoter cy/% ence
PDS SEAE 3] RATHE AT E R R CaMV35S  — 50.00  [47]
Albino phenotype Agrobacterium-mediated epicotyl Epicotyls
transformation
CsLOBI EARURLAT RITE AN EIER AL Hai 358 AtU6-1 42,00  [48]
Resistance to Agrobacterium-mediated epicotyl Epicotyls
canker disease transformation
CsWRKY22  FiLisBiw RIFEAN T IR A e 358 AtU6-1 4286 [49]
Resistance to Agrobacterium-mediated epicotyl Epicotyls
canker disease transformation
DMR6 LS e RATH AT LR A — — — [50]
Resistance to Agrobacterium-mediated epicotyl Epicotyls
Huanglongbing transformation
CsLOBI EnRvEAT KT T LR A EaliRt — — — [51]
Resistance to Agrobacterium-mediated epicotyl Epicotyls
canker disease transformation
CsLOBI LB BRI HENF B - JP 358 AtU3b/  64.70~ [52]
Resistance to canker ~ Agrobacterium-mediated epicotyl Epicotyls AtU6-29/  80.00
disease transformation AtU6-1
CsP5CS2 A 2R 5 PR RATH A3 B4 EaliRt — csu6 — [53]
Regulation of Agrobacterium-mediated Epicotyls
proline synthesis epicotyl transformation
Hi%  IldnDH AR R AT T T A AL WP @ 4L — — 0.50~ [35]
Grape Regulation tartaric Agrobacterium-mediated Embryogenic callus 6.90
acid content suspension cells transformation
PDS SEiE RT3 a0 H R JEPE B R 358 AtU6 40.74  [54]
Albino phenotype Agrobacterium-mediated callus Embryogenic callus
transformation
PDS SRt KA T EIRARA N EE P CaMV35S  AtU6 — [55]
Albino phenotype Agrobacterium-mediated Embryogenic callus
suspension
cells transformation
IldnDH NIRRT RT3 R TF A e 1 JEPE B R CaMV35S  AtU6 100.00  [56]
Regulation tartaric Agrobacterium-mediated Embryogenic callus
acid content suspension cells transformation
VWWRKYS2 B £ RIFEAN TR RMAR L 7 2x358 AtU3d/  25.00/ [57]
Resistance to Agrobacterium-mediated somatic ~ Flower buds AtU3b/ 27.78/
botrytis cinerea embryos transformation AtU6-1/ 5.55/
AtU6-29  16.67
TMTI/ 0 E KT RFFBRAF AL R A 2 21 UBQ2 VvU6/ 1051/ [58]
TMT2 Regulation the level ~ Agrobacterium-mediated Embryogenic callus VvU3 20.85
of sugar synthesis transformation
PDS SEiE it RFFRAF AL JEPE A2 2R 2x358 U6-26 3774 [59]
Albino phenotype Agrobacterium-mediated Embryogenic callus
transformation
ES PDS/TFLI  HAWRM FEIFE AT REEF R A BEE WEF PcUbi4-2  MdU3/  9.00  [34]
Pear Albino phenotypes,  Vacuum-infiltration in a suspen- ~ Younger leaves of Mdu6
early flowering sion of agrobacterium tumefaciens micro sprouts
PbPATI4 Bl RAF AN A 358 AtU3d/ 2727 [l6]
Dwarf phenotype Agrobacterium-mediated Callus AtU6-1/
transformation AtU6-29
BRERE PDS SEEE it RITEASHAL BAHAR 358 AtU6-1  7.14~ [14]
Kiwifruit Albino phenotype Agrobacterium-mediated callus 8.33
transformation
Achn116791) REBBOBEE  RITH TG M — — 4170 [60]
Achn302211/ Hairless or glabrous  Agrobacterium-mediated leaf Leaves
Achn379131 pericarp discs transformation
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Caso gy SERNA WMINE %
ML HARER ERNERIN et rik e CasO a J# T Editing  SCHk
Species Target gene  Target trait Delivery method Material sgRNA  efficien- Refer-
promoter
promoter cy/% ence
CEN4/CEN  HJ11e LHF A T4k L Ubi AtU6/  30.00~  [61]
Early flowering Agrobacterium-mediated Leaves AtU3 75.00
transformation (CEN4)
HHE FvARFS/ RS =y RATE AT AL TE) A UBQ FveU6/  49.00/  [13]
Strawber-FveTAA1 Regulation auxin Agrobacterium-mediated Plants AtU6 75.00
ry synthesis transformation
PDS L] AT AT R R A, H A0 A 358 U6-26/  51.50/  [62]
Albino phenotype Agrobacterium-mediated leaf and Leaves and petioles Uelll 63.00
petiole transformation
RAP R AT E A F AL A 358 U6-26/  12.77 [63]
Regulation skin color  Agrobacterium-mediated callus U6-29
transformation
FvCO4 P RERE LHF AT B B AL A UBQ FvU6-2 9230 [64]
Regulation fruit Agrobacterium-mediated leaf Leaves
development discs transformation
W®  CEN A W 2E A iz Ubi4-2/2x  U6-26 13.00  [18]
Blueberry Regulation flowering  Axillary bud transformation Axillary bud CaMV35S
time
ke Pldvhi33 PURE I R PEG /5 IR A i A %4k Ji AR A — — 8.60 [17]
Litchi Resistance to phyto- ~ PEG-mediated protoplast Protoplast

phthora infestans transfection

RN SR R RAF B

“__»

Note: “—” means no relevant information in the references.

KA NFEM A, TS BUE R E BCE 1R
AU, % HARPEIRAE XS 25 5 3k A5, B e A 43 F R
b7 35k [R] £H S 2R G A R T B R o BT TR
FEF 24~ PDS FE TR ) sgRNA 5| 5 Cas9 BY Y #EFE A,
RABHEIEF] 59%, K13 T 56 4 AL R (R AL
TR, R 20 2 B J5 ) CRISPR/Cas9 £ #IU i 2,
P& R Gu w5 5 B MaPDS 21K, 45 R I, 61.2% (11
PRF I AL RAR R A, 4k, B A CRISPR/
Cas9 %= [F 9 5 5 G AE 77 #5 1 i ik 2 I+ gRNAs
B 1) PDS J PR 40 . (1) 4 B8 2805 =ik 100%7 . [#]
B, 7R AR P SEIL T AU PDS RS R R AR S5 R 3R
U AR B AR AR . 5 4h, TERTE A
AtYAO 52K Ja 3 TG % H AR RS A8 -3 35 35S
JE BT UK B Cas9 FE RN , RABPCR R e m, £ 2
i B 100%™, il Fi] SaCas9/sgRNA % 4t # 1% Sp-
Cas9/sgRNA 2 G 5% PDS 2 K 1 68 B Dyt AT #H A7
B R 4 9% 4B "9, CRISPR/Cas9 % 5 37 At 1 3¢
SR R B R B AR K R
FRIN Y S2BIL PDS FE B R o

332 AEEHAEL —REFERMEBK,
PR T b e I A 0 B RO AT ARG . A
K45 5 2% i 1 48 (terminal flower, TFL) & H A% .

TFL @ ik i 2 AT 1L B A R IE , RIEETTAEI
B 0 . R A &R TRLL 3 R OR H
sgRNAs, jfl i CRISPR/Cas9 # 4t 4 45 3 I FN AL, 3
R 93% LRI RALR R, MR R H 9%A
A RAEPRIR , RASZ A R B, FE R
16 5L 3 5 A, BT DA T I T R, AR PR s .
CEN F1 5 H VI KR R TFL1 2R IF (4
i) BB -, CEN B b 7T Be 3 80 AP . s it
CRISPR/Cas9 % %t /5 1) i 7 = D5 2H G 8 o 44 3R A5
A CEN X3 RAZ 1) 6 MR R, (H AR IX Bk R AL
WA 1R R IR H bR MR, ROmi i Ak AR KB R 52
FHd) , o] BE R IR A AR 8
SO IR AR K, [AIN, CEN [R5 3% R 2 v 7 1 T
TEIHIE T DUBRERE CEN (I RIYE3E R AcCEN4 A
AcCEN 4L 5, I H] CRISPR/Cas9 £ 4t 7] i #E 47
B, I T AR RELR R BRI 22 4 AR R AR B G W) i
ARk R R AR R , I B AR TOAE A0 R S R
B RIILER,

333 AERFESM O FESLN I H AN A TE
s O AL R A A R U P L B R bR . (R
FErp, DLLCYe BEIR (56 5 40 7 N #E 55, R CRIS-
PR/Cas9 Hi AR s & B pHASY N RN E &, Bl T
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BOAHE PERMEELMMEKRRIRERNE R
SR RMLIL, RAT RIS NRRERRET6
U0, 7E%8 %, 4 5 F VU6 F1UBQ2 Ja 1 &A%
AtUG6 A1 35S J& 5 T % CRISPR/Cas9 & 48 HEAT T 1
o, R T — M EHEG 2 ) sgRNA RKIA G ELZ
X tRNA-sgRNA #1122 HIL R 4 940 R 40 LAB
75V FRRE RS AR TMT 55 R 2K IR L 5 TMT1 AN TMT2
FEDHE 1L, BEAT T M 4 2 B DR 2 G B B O R X
REEE T 10%, [FB G KPR, R BHIX 2 4N g
DRI E 8 & B AR SR e A Y. DA ) A R 3%
£ iR (tartaric acid, TA) A=W & K IdnDH FE R 51
FEDRIFEAT W PR UTBR , TA 7078 4 B 4 i J F AR bl
PR A (0 2R A R ERRR 2R P>, i ik CRISPR/
Cas9 240 mi RAZ 1L 4 M A il 2 B2 B st PR T4 158
T IE R CsP5CS2, 15 2] 7 RAZHIBHHEAE AR
RSB B A B A EEIR . AR
167 2 16 Ji7 #E [A] (reduced anthocyanins in petioles,
RAP) % i 1 M43 Bk H K S %% # B (glutathione S-
transferase, GST) , %M 25 A 16 H &, (e F H 41 g
JRIEH M. CRISPR/Cas9 £ Gi(E T4 A I Fil b
6 ™ RAPIEF ¥ D1, 158 T4 SRR A . &k,
RELPRAIEE RS BB A B R S B2 PR, B
B 1) FvCO4 B[R 78 FE 52 1) B 5 A0 Rz J2 30 e S 1
15 , CRISPR/Cas9 % [K 4 5 51 45 FvCO4 3£ A, 3R
3 12 R EE R itk R, RER R R LK G228
ERom,UFE %R N S AR I SR B A O, DAL
MOTR K EBRG MR F RN EEE R
Achnl16791+Achn302211 1 Achn379131 NHEFREA,
FE BB 34T CRISPR/Cas9 % [K 4 48 , 73 5l 3515
9. 1 10 Mk 2 11 25k 8] S A HE AR , HL SR R Ak tH L
Jr 3 BB FERRAR A B AR S R A
334 FA#%MEA  CRISPR/Cas9 R4i%E T
BB /NER B MaGA200x2 FE R -AS , SL45 3] 7 4
PREURLR, NS R A ERSTESRERME
1b—309, %4k, CRISPR/Cas9 % Gt hikt & 7 FE A 1%k
BALKER Achn379131, 3k4% T 87 AN i1tk i I A #k
AU, BEH BA R VKB R RS
AU SR . WU 3 AN A1) sgRNAs, i 1 CRIS-
PR/Cas9 R Gt b2 i S Y K G AH G 1) S T 2 4%
T 3L K POPAT14, 15 3] 6 N E 5 B i b %
RIRIRE R,
335 BERAREFHA EWAEKKREIRESZ

BB U R, 2 B RS B B B B R
JiR o i HTE I R AR S B 0 AR R AR, 3 K
FSCEE KR PR XU o i IR 2L i) R g A R0 28 35 1)
INEZ — R B DU RE S AAGEE B A B
I B AR B A 25 B B B (Xanthomonas citri subsp.
citri, Xce) 5| #2 , Citrus sinensis LATERAL ORGAN
BOUNDARIES (CsLOBI) & 1% ] 5y B IE R, HF
R, 8 L F CRISPR/Cas9 £ 4t 15 1fi CsLOBI
(1) 2 AN S AL R JE 3T 7 PthA4 R8T =X o i
AT DL $E i AR AR AR N Xee FIHLPEY . JE IR
54 CRISPR/Cas9 % %8 # (4 {2 i i i CsLOBI1 J&
B W PthA4 45 & Jo i, A 4/ i R R I H A
Waine i 2 A BRI BT . B CRISPR/Cas9 &4t
T AR B WU 7 R 48 Cas9/sgRNA, H 75 B X sgRNA
HEAT 00N R e 5t o] DURE S PR 1) H R B, S
TEM G RAE CsLOB1 £ 1K"", F| F CRISPR/Cas9
Z2 G050 ) WA RE L I 4L B CsLOBI JR )1, 15 %A%
PRAE AR B SEBLT 5K DNA F BRI B2 75+
15 H 40 5 R B CsWRK Y229 R DMR6 3 [K] .15 31|
T B AT T R R A AR

PAL3E S DIPM- 1. DIPM-2 Fil DIPM-4 F£ Ky #E
5. F CRISPR/Cas9 R4t B #3632 3| J5UAE ik R 4
PN S5 30, 5 1) 5 DA o %, 52 v R RO K20 ) Bt
PEUOT A oh 6 2 [ WRK Y52 3 R (4 5 5 A= W i ae
W) 8 FH OC 1) 7% s RO I 36 — MM BT ik 4 4
gRNAs, CRISPR/Cas9 R4/ F 5% WRKY52 J: A,
R T 0 KB B P PUIER" . CRISPR/Cas9 5 4t
45 0] 7] ') NON-EXPRESSOR OF PATHOGENESIS-
RELATED GENES3 (NPR3) F£ [H , 1% % [l 4 i [ 10
SN o JerEnt Froh b AT g i 2Rk s,
Ji 2E i CRISPR/Cas9 % 4t 548 [ V40 B IR iR

T #E 45 807 75 9% (banana streak virus, BSV) X
FHEA IR KM fEE, T FH CRISPR/Cas9 &Gt A
B FERE A BSV B P BT RAE . K47 JHhiE
N5 75% B Jk IR 2H 2 B P AR AR AR B H B T AE
PR, R B I 1 9% (banana xanthomonas wilt,
BXW) 2t B 75 £2 5 50 B 5| S X 5, R B A
HE $t BXW K 8¢ /1. Downy mildew resistance 6
(DMR6) 72 g ith 258 15— T Bk (T 4 i V4 42 Bl (2-
oxoglutarate oxygenase, 20GO) ] 7 J&FE [K] , 1% 3
TE 975 J A 1% % B 1) 9, 00 ) R 42 ) e % T
AE. CRISPR/Cas9 % 4t i 5 77 5 MusaDMR6 £,



878 3 L)

S 4

5539 %

K2 B T A A FE BXW 147014 38 3, ik 28 1R
TR B )L 2 R BB IR , E LR IE W AR K,
BILA LR R, 750 209 ™ A S Al
() /% J&E , %99 [F) RXLR (Arg -X - Leu - Arg, X 0%
R R IR BN & (A Gifi PlAvh 133 JE R, @i 1 %
K 5. [) CRISPR/Cas9 1k & , 3843 T 5 AR AFHH
B, 33k — 25 B0 2 12 35 [R 75 S AR R o R R TEN
4 & H

CRISPR/Cas9 % % & — T & A PR 1 35 A, 7] DA
I g S A R A AR TR & R AR
W, BRI K A, KL S E R
F- B RS & OB i Ao =y AR, CRISPR/Cas9 2 [A]
Gt H R I R BB AE AR KA E R Ui — 7] R
{H /&, CRISPR/Cas9 % 4t 1t M. B #2158 v
A HEE . B, M HAR R RS
TRIVIE A% A AR SR T i 25 R g R B R A T it
ANV 2 MW A B & (138 4% A0 0 AR AR
R AH R AL AL T VRIS B R R S, 7R —
NIRRT R R AR R T EN 2R R
BEATER R A, BF T2 38 D3 P 8 v (PO AR AT 81 4 L
RABLE R R R B AL F AR R T RO, &5 5
P 5 A TR AL B A R R IR D i kR, (H
FEABEIRN I B 5 A A S R i S A% SR
V)R S o LUK, BB SR /& CRISPR/Cas9 2 [A]
GRARATAE R A . PR, RN A&
Cas9 Fll sgRNA Ji3 311 LAFE = 4 8505

T R0 G 4B R & 8 FH CRISPR/Cas9 R 4L 72
HHOE SR I B L B AR, R E, FRE AW AL AL I8 A8 4L
R R MEA RS, % T ¥ CRISPR/Cas9 £ 4t b FH T
SRR SCE R T R R T, Bk DR B AL
SRR PR R sgRNA R 1 T #0454 71 3 22, 36 5 2
B AR BT 22 A sgRNAs [7] I ] — AN [ Fp 3 8] ok
P g S DR O AE R T T AR SR, R SR T
YAO JE 3§ FIHEY)Z 3 UBQ J& 813Kl Cas9 (13
5, TR A YRR A YR U3 A U6 J2 313K 5 sgRNA Y
RIE, g IRCR A B3 m . ke WL R B A IEW
J2 BT AN 2 Cas9 Ml sgRNA J2 H A w8 R 4
(BB R . B I 5 R 4 B R A BB A% 5k b
CRISPR/Cas9 RAHIA L « U HBRIE S 4 2% A 0 45
T 5 e BN B, S B C/G B A/T L C/G B AT 1Y
AR GEOR O KRR TR B 3098 TR e R

IRERRTY . 5] FomiE R 4007 LSS B A 28 A (1 it
G, HATLE KRR /INGE b B k& T
Tl R AT IR R B R EE R G R R
CRISPR/Cpf1, 1t % 5 5 [Kl 4 5 F0 G2 €4 44 Fr B B
TTHEEARS . P ZEARLEKRE LB | 2 E A
D] 23 57, #E K 5 rp e S B 8 AN L [R] 1) 4 4 - L
SEIL G AR T N BORIMBRTY . AR I FH B
e RGMAEYD AT DLHEN, S g i 5] g
PL M CRISPR/Cpfl & S #86 NH T J vl se e
R AN 8] P G B8 R 8 T 7 AR 1) H R RS AN [R] 3% 4
10 9t 4 2% 0 S AR LRI LI LT 7E

S22 HLk References:

[1]  SIKORA P, CHAWADE A, LARSSON M, OLSSON 1J, OLS-
SON O, TALON M. Mutagenesis as a tool in plant genetics,
functional genomics, and breeding[J]. International Journal of
Plant Genomics,2011,2011:314829.

[2] PETOLINO J F, SRIVASTAVA V, DANIELL H. Editing Plant
Genomes: A new era of crop improvement[J]. Plant Biotechnolo-
gy Journal, 2016, 14(2):435-436.

[3] VOYTAS D F. Plant genome engineering with sequence-specif-
ic nucleases[J]. Annual Review of Plant Biology,2013,64:327-
350.

[4] LIJF,NORVILLE J E, AACH J, MCCORMACK M, ZHANG
D, BUSH J, CHURCH G M, SHEEN J. Multiplex and homolo-
gous recombination- mediated genome editing in Arabidopsis
and Nicotiana benthamiana using guide RNA and Cas9[J]. Na-
ture Biotechnology,2013,31(8):688-691.

[5] NEKRASOV V,STASKAWICZ B, WEIGEL D,JONES J D G,
KAMOUN 8. Targeted mutagenesis in the model plant Nicotia-
na benthamiana using Cas9 RNA-guided endonuclease[J]. Na-
ture Biotechnology,2013,31(8):691-693.

[6] MARTINELLI F, GRILLONE G, SGROI F. Proposal of a ge-
nome editing system for genetic resistance to tomato spotted
wilt virus[J]. American Journal of Applied Sciences, 2014, 11
(11):1904-1913.

[7] SHANQW,WANGY P,LIJ,ZHANG Y,CHEN K L, LIANG
Z,ZHANG K,LIUJ X, XIJZJ,QIU J L, GAO C X. Targeted
genome modification of crop plants using a CRISPR-Cas sys-
tem[J]. Nature Biotechnology,2013,31(8):686-688.

[8] SCHUSTER M, SCHWEIZER G, REISSMANN S, REGINE K.
Genome editing in Ustilago maydis using the CRISPR-Cas sys-
tem[J]. Fungal Genetics and Biology,2016,89:3-9.

[9] JIAH G,ORBOVIC V,JONES J B, WANG N. Modification of
the PthA4 effector binding elements in Type I CsLOB, promoter
using Cas9/sgRNA to produce transgenic Duncan grapefruit alle-
viating XccApthA4: DCsLOBI1.3 infection[J]. Plant Biotechnol-
ogy Journal, 2016, 14(5):1291-1301.



55

fay L, 4 : CRISPR/Cas9 J [Kl 4 B BEAAE SRR 1 52 P W T e

879

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

MALNOY M, VIOLA R,JUNG M H,KOO O J,KIM S,KIM J
S, VELASCO R, KANCHISWAMY C N. DNA-free genetically
edited grapevine and apple protoplast using CRISPR/Cas9 ribo-
nucleoproteins[J]. Frontiers in Plant Science,2016,7:1904.
NISHITANI C, HIRAI N, KOMORI S, WADA M, OKADA K,
ASAKABE K, YAMAMOTO T, OSAKABE Y. Efficient ge-
nome editing in apple using a CRISPR/Cas9 system[J]. Scientif-
ic Reports,2016,6:31481.

R, ST, AN X, A7, R TR, BT e, &
T2 . 45 CRISPR/Cas9 i[5 4 48 5K & R B S [0]. v
AV R ,2017,50(7): 1294-1301.

HU Chunhua, DENG Guiming, SUN Xiaoxuan, ZUO Cunwu,
LI Chunyu, KUANG Ruibin, YANG qiaosong, YI Ganjun. Es-
tablishment of an efficient CRISPR/Cas9-mediated gene editing
system in banana[J]. Scientia Agricultura Sinica, 2017, 50(7):
1294-1301.

ZHOU J H, WANG G M, LIU Z C. Efficient genome editing of
wild strawberry genes, vector development and validation[J].
Plant Biotechnology Journal ,2018, 16(11): 1868-1877.

WANG Z P, WANG S B,LI D W,ZHANG Q, LI L,ZHONG C
H,LIUY F HUANG H W. Optimized paired-sgRNA/Cas9 clon-
ing and expression cassette triggers high-efficiency multiplex ge-
nome editing in kiwifruit[J]. Plant Biotechnology Journal, 2018,
16(8): 1424-1433.

FISTER A S, LANDHERR L, MAXIMOVA S N, GUILTINAN
M J. Transient expression of CRISPR/Cas9 machinery targeting
TeNPR3 enhances defense response in Theobroma cacaoll].
Frontiers in Plant Science,2018,9:268.

PANG H G, YAN Q, ZHAO S L, HE F, XU J F, QI B X,
ZHANG Y X. Knockout of the S- acyltransferase gene, Pb-
PAT14, confers the dwarf yellowing phenotype in first genera-
tion pear by ABA accumulation[J]. International Journal of Mo-
lecular Sciences,2019,20(24):6347.

A SR B VISR AR FLTE, 2P, 22 748 . CRISPR/
Cas9 3 1) 75 50 ¥ 92 2 5 D 41 4 4 2R 0 (R @ S (D). T 4
91,2020, 18(3): 181-188.

SITU Junjian, JIANG Liqun, SHAO Yi, KONG Guanghui, XI
Pinggen, JIANG Zide. Establishment of CRISPR/Cas9 genome
editing system in Peronophythora litchii[J]. Journal of Fungal
Research,2020,18(3):181-188.

OMORI M, YAMANE H, OSAKABE K, OSAKABE Y, TAO
R. Targeted mutagenesis of CENTRORADIALIS using CRIS-
PR/Cas9 system through the improvement of genetic transforma-
tion efficiency of tetraploid highbush blueberry[J]. The Journal
of Horticultural Science and Biotechnology, 2021, 96(2): 153-
161.

CONG L, RAN F A, COX D, LIN S, BARRETTO R, HABIB
N, HSU P D, WU X, JIANG W, MARRAFFINI L A, ZHANG
F. Multiplex genome engineering using CRISPR/cas systems[J].
Science,2013,339(6121):819-823.

BARRANGOU R, FREMAUX C, DEVEAU H, RICHARDS

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

M, BOYAVAL P, MOINEAU S, ROMERO D A, HORVATH P.
CRISPR provides acquired resistance against viruses in prokary-
otes[J]. Science,2007,315(5819):1709-1712.

JINEK M, CHYLINSKI K, FONFARA I, HAUER M, DOUD-
NA J A. A programmable dual-RNA-guided DNA endonuclease
in adaptive bacterial immunity[J]. Science, 2012, 337(6096):
816-821.

WIEDENHEFT B, STERNBERG S H, DOUDNA J A. RNA-
guided genetic silencing systems in bacteria and Archaea[J]. Na-
ture,2012,482(7385):331-338.

KARGINOV F V, HANNON G J. The CRISPR system: Small
RNA- guided defense in bacteria and Archaea[J]. Molecular
Cell,2010,37(1):7-19.

GARNEAU J E, DUPUIS M E, VILLION M, ROMERO D A,
BARRANGOU R, BOYAVAL P, FREMAUX C, HORVATH P,
MAGADAN A H,MOINEAU S. The CRISPR/Cas bacterial im-
mune system cleaves bacteriophage and plasmid DNA[J]. Na-
ture,2010,468(7320):67-71.

KISHI-KABOSHI M, AIDA R, SASAKI K. Genome engineer-
ing in ornamental plants: Current status and future prospects[J].
Plant Physiology and Biochemistry,2018,131:47-52.
KARKUTE S G, SINGH A K, GUPTA O P, SINGH P M,
SINGH B. CRISPR/Cas9 mediated genome engineering for im-
provement of horticultural crops[J]. Frontiers in Plant Science,
2017,8:1635.

ZHOU J H, LI D D, WANG G M, WANG F X, KUNJAL M,
JOLDERSMA D, LIU Z C. Application and future perspective
of CRISPR/Cas9 genome editing in fruit crops[J]. Journal of In-
tegrative Plant Biology,2020,62(3):269-286.

KOMOR A C,KIM Y B, PACKER M S,ZURIS J A, LIU D R.
Programmable editing of a target base in genomic DNA without
double- stranded DNA cleavage[J]. Nature, 2016, 533(7603):
420-424.

GAUDELLI N M, KOMOR A C,REES H A, APACKER M S,
BADRAN A H,BRYSON D I, LIU D R. Programmable base ed-
iting of A- T to G- C in genomic DNA without DNA cleavage[J].
Nature,2017,551(7681):464-471.

LINQP,JINS,ZONG Y,YU H,ZHU Z X,LIU G W,KOU L
Q,WANG Y P,QIU J H, LI J Y, GAO C X. High-efficiency
prime editing with optimized, paired pegRNAs in plants[J]. Na-
ture Biotechnology,2021,39(8):923-927.

MAKAROVAK S, WOLF Y I, ALKHNBASHI O S,COSTAF,
SHAH S A, SAUNDERS S J, BARRANGOU R, BROUNS S J
J,CHARPENTIER E,HAFT D H, HORVATH P,MOINEAU S,
MOIJICA F J M, TERNS B M, TERNS M P, WHITE M F,
YAKUNIN A F, GARRETT G A,00ST J V D, BACKOFEN R
B, KOONIN E V. An updated evolutionary classification of
CRISPR-Cas systems[J]. Nature Reviews Microbiology, 2015,
13(11):722-736.

FONFARA I,RICHTER H,BRATOVIC M,RHUN A L,CHAR-
PENTIER E. The CRISPR- associated DNA- cleaving enzyme



880 3 L)

4

{: #39%

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Cpfl also processes precursor CRISPR RNA[J]. Nature, 2016,
532(7600):517-521.

W, 2 IR 2 H I K 419 o CRISPR-Cas9 7 4 Al
CRISPR-Cpfl £ 4t ()87 AT EL A (0], #F [ 40 B A 4 2 24 31
2019,41(11):2234-2244.

GOU Ting, AN Xinmin. Application and comparison of CRIS-
PR-Cas9 system and CRISPR-Cpfl system in multigenome edit-
ing[J]. Chinese Journal of Cell Biology, 2019, 41(11): 2234-
2244.

CHARRIER A, VERGNE E,DOUSSET N J,RICHER A, PETI-
TEAU A, CHEVREAU E. Efficient targeted mutagenesis in
apple and first time edition of pear using the CRISPR-Cas9 sys-
tem[J]. Frontiers in Plant Science,2019,10:40.

OSAKABE Y, LIANG Z C, REN C, NISHITANI C, OSAK-
ABE K, WADA W, KOMORI S, MALNOY M, VELASCO R,
POLI M, JUNG M H, KOO O J, VIOLA R, KANCHISWAMY
C N. CRISPR- Cas9- mediated genome editing in apple and
grapevine[J]. Nature Protocols, 2018, 13(12):2844-2863.

NTUI V O, TRIPATHI J N, TRIPATHI L. Robust CRISPR/Cas9
mediated genome editing tool for banana and plantain (Musa
spp.)[J]. Current Plant Biology,2020,21:100128.

NAIM F, DUGDALE B, KLEIDON J, BRININ A, SHAND K,
WATERHOUSE P, DALE J. Gene editing the phytoene desatu-
rase alleles of Cavendish banana using CRISPR/Cas9[J]. Trans-
genic Research,2018,27(5):451-460.

SHAO X H,WU SP,DOU T X,ZHU H C,HU C H,HUO H
Q,HE W D,DENG G M, SHENG O,BI F C,GAO H J,DONG
T,LICY,YANG Q S, YI G. Using CRISPR/Cas9 genome edit-
ing system to create MaGA200x2 gene-modified semi-dwarf ba-
nana[J]. Plant Biotechnology Journal,2020, 18(1):17-19.
TRIPATHI J N,NTUI V O,RON M, MUIRURI S K,BRITT A,
TRIPATHI L. CRISPR/Cas9 editing of endogenous Banana
streak virus in the B genome of Musa spp. overcomes a major
challenge in banana breeding[J]. Communications Biology,
2019,2:46.

KAUR N, ALOK A, SHIVANI, KUMAR P, KAUR N, AW-
ASTHI P, CHATURVEDI S, PANDEY P, PANDEY A, PAN-
DEY A K, TIWARI S. CRISPR/Cas9 directed editing of lyco-
pene Epsilon- cyclase modulates metabolic flux for j- carotene
biosynthesis in banana fruit[J]. Metabolic Engineering, 2020,
59:76-86.

FMBE X . ¥ FE CRISPR/Cas9 [l B 5 AR P& R K SZ[D]. )™
M AR AL KA, 2017

SUN Xiaoxuan. Establishment of an efficient CRISPR/Cas9-me-
diated gene editing system in banana[D]. Guangzhou: South Chi-
na Agricultural University,2017.

TRIPATHI J N, NTUI V O, SHAH T, TRIPATHI L. CRISPR/
Cas9- mediated editing of DMR6 orthologue in banana (Musa
spp.) confers enhanced resistance to bacterial disease[J]. Plant

Biotechnology Journal,2021,19(7):1291-1293.

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

KAUR N, ALOK A, SHIVANI, KAUR N, PANDEY P, AW-
ASTHI P, TIWARI S. CRISPR/Cas9-mediated efficient editing
in phytoene desaturase (PDS) demonstrates precise manipula-
tion in banana cv. Rasthali genome[J]. Functional & Integrative
Genomics,2018,18(1):89-99.

ZHANG F,LEBLANC C,IRISH V F,JACOB Y. Rapid and effi-
cient CRISPR/Cas9 gene editing in Citrus using the Y40 pro-
moter[J]. Plant Cell Reports,2017,36(12):1883-1887.

JIA H G, ZHANG Y Z, ORBOVIC V, XU J, WHITE F F,
JONES J B, WANG N. Genome editing of the disease suscepti-
bility gene CsLOB; in Citrus confers resistance to Citrus can-
ker{J]. Plant Biotechnology Journal,2017,15(7):817-823.

JIAH G, XU J,ORBOVIC V,ZHANG Y Z, WANG N. Editing
Citrus genome via SaCas9/sgRNA system[J]. Frontiers in Plant
Science,2017,8:2135.

ZHU C Q,ZHENG X J,HUANG Y, YE J L,CHEN P,ZHANG
CL,ZHAO F,XIE Z Z,ZHANG S Q, WANG N, LI H, WANG
L, TANG X M,CHAILJ,XU Q,DENG X X. Genome sequenc-
ing and CRISPR/Cas9 gene editing of an early flowering Mini-
Citrus (Fortunella hindsii) [J]. Plant Biotechnology Journal,
2019,17(11):2199-2210.

PENG AH,CHEN SC,LEITG,XULZ,HEY G, WU L,
YAO L X, ZOU X P. Engineering canker- resistant plants
through CRISPR/Cas9- targeted editing of the susceptibility
gene CsLOB, promoter in Citrus[J]. Plant Biotechnology Jour-
nal,2017,15(12): 1509-1519.

WANG L J,CHEN S C,PENG A H,XIE Z,HE Y R, ZHOU X
P. CRISPR/Cas9-mediated editing of CsWRKY22 reduces sus-
ceptibility to Xanthomonas citri subsp. citri in Wanjincheng or-
ange [Citrus sinensis (L.) Osbeck][J]. Plant Biotechnology Re-
ports,2019,13(5):501-510.

ZHANG S J,SHI Q C,DUAN Y P,HALL D, GUPTA G, STO-
VER E. Regulation of citrus DMR6 via RNA interference and
CRISPR/Cas9- mediated gene editing to improve Huanglong-
bing tolerance[C]// International Congress of Plant Pathology,
Plant Health in A Global Economy. APSNET, 2018:13.

JIAH G,Z0OU X P, ORBOVIC V, WANG N. Genome editing
in Citrus tree with CRISPR/Cas9[J]. Methods in Molecular Biol-
0gy,2019,1917:235-241.

ARAET N, SR A, T KR VEE T, BRI, kA e, 2
Sk, B, B34 . CRISPR/Cas9 A5 A A CsLOB, %[5
T2 ARG, 25431, 2019,46(2):337-344.

Z0U Xiuping, FAN Di, PENG Aihong, HE Yongrui, XU Lan-
zhen, LEI Tiangang, YAO Lixiao, LI Qiang, LUO Keming,
CHEN Shanchun. CRISPR/Cas9- mediated editing of multiple
sites in the Citrus CsLOB, promoter[J]. Acta Horticulturae Sini-
ca,2019,46(2):337-344..

R . AR S AR 5 Ak B 2 A 1 = A4k & R CRISPR/Cas9
TRE FARAR AT FE R [D]. D Herp Al K22, 2018,

XU Xuan. Optimization of Citrus protoplast transient transfor-



55

fay L, 4 : CRISPR/Cas9 J [Kl 4 B BEAAE SRR 1 52 P W T e 881

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

mation system and using CRISPR/cas9 genome editing system
to modify gene in fortuella hindsii[D]. Wuhan: Huazhong Agri-
cultural University,2018.

NAKAIJIMA I, BAN Y, AZUMA A, ONOUE N, MORIGUCHI
T, YAMAMOTO T, TOKI S, ENDO M. CRISPR/Cas9-mediat-
ed targeted mutagenesis in grape[J]. PLoS One, 2017, 12(5):
€0177966.

REN F R,REN C,ZHANG Z,DUAN W, LECOURIEUX D, LI
S H,LIANG Z C. Efficiency optimization of CRISPR/Cas9-me-
diated targeted mutagenesis in grape[J]. Frontiers in Plant Sci-
ence,2019,10:612.

REN C,LIU X J,ZHANG Z, WANG Y, DUAN W, LI S H, LI-
ANG Z C. CRISPR/Cas9-mediated efficient targeted mutagene-
sis in Chardonnay (Vitis vinifera L.)[J]. Scientific Reports,2016,
6:32289.

WANG X H, TUM X, WANG D J,LIUJ W,LIY J,LI Z,
WANG Y J, WANG X P. CRISPR/Cas9-mediated efficient tar-
geted mutagenesis in grape in the first generation[J]. Plant Bio-
technology Journal , 2018, 16(4): 844-855.

REN C,LIUY F,GUO Y C,DUAN W,FAN P G, LI S H, LI-
ANG Z C. Optimizing the CRISPR/Cas9 system for genome ed-
iting in grape by using grape promoters[J]. Horticulture Re-
search,2021,8(1):52.

SR, T AR HE, S, ERREE, STRR . FIH] CRISPR/Cas9 #
B 4 VviPDS1 3 KR 72 [0, el 252441, 2019, 46(4) : 623-
634.

GUO Ye, WAN Dongyan, CHAI Zhuangzhuang, WANG Yuejin,
WEN Yingqiang. Knock- out analysis of VviPDS1 gene using
CRISPR/Cas9 in grapevine[J]. Acta Horticulturae Sinica, 2019,
46(4):623-634.

PRI BRIk e B R DR R a2 S JUAE M IR AR R Bk
HA 5 A 4B 0T FE[D]. M52 - AR MR ER 22,2019,

LI Chuang. Screening the genes regulating trichome develop-
ment in Actinidia and their genome editing in ‘Hayward” Kiwi-
fruit[D]. Yangling: Northwest A & F University,2019.
VARKONYI- GASIC E, WANG T C, VOOGD C, JEON S,
DRUMMOND R S, GLEAVE A P, ALLAN A C. Mutagenesis
of kiwifruit CENTRORADIALIS-like genes transforms a climb-
ing woody perennial with long juvenility and axillary flowering
into a compact plant with rapid terminal flowering[J]. Plant Bio-
technology Journal,2019,17(5): 869-880.

WILSON F M, HARRISON K, ARMITAGE A D, SIMKKIN A
J, HARRISON R. CRISPR/Cas9-mediated mutagenesis of phy-
toene desaturase in diploid and octoploid strawberry[J]. Plant
Methods,2019,15(1): 1-13.

GAO Q,LUOHF,LIYP,LIU Z C,KANG C Y. Genetic modu-

lation of RAP alters fruit coloration in both wild and cultivated

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

strawberry[J]. Plant Biotechnology Journal, 2020, 18(7): 1550-
1561.

FRICH . FvCO.LfE A RS RIIACT H (I T B4 %€ (D). TERH -
LA R, 2019.

CHE Wenjun. Function analysis of FvCO; in the early develop-
ment of strawberry fruit{[D]. Shenyang: Shenyang Agricultural
University,2019.

LI J F,NORVILLE J E, AACH J, MCCORMACK M, ZHANG
D D,BUSH J,CHURCH G M, SHEEN J. Multiplex and homol-
ogous recombination- mediated genome editing in Arabidopsis
and Nicotiana benthamiana using guide RNA and Cas9[J]. Na-
ture Biotechnology,2013,31(8):688-691.

GAO J P, WANG G H,MA S Y, XIE X D, WU X W,ZHAGN
XT,WUY Q,ZHAO P, XIA Q Y. CRISPR/Cas9-mediated tar-
geted mutagenesis in Nicotiana tabacum[J]. Plant Molecular Bi-
ology,2015,87(1/2):99-110.

FURR J R, COOPER W C, REECE P C. An investigation of
flower formation in adult and juvenile Citrus trees[J]. American
Journal of Botany, 1947,34(1): 1-8.

PILLITTERI L J, LOVATT C J, WALLING L L. Isolation and
characterization of a TERMINAL FLOWER homolog and its
correlation with juvenility in Citrus[J]. Plant Physiology, 2004,
135(3):1540-1551.

HU Y,ZHANG J L,JIA H G, SOSSO D, LI T, FROMMER W
B, YANG B, WHITE F F, WANG N, JONES J B. Lateral organ
boundaries 1 is a disease susceptibility gene for Citrus bacterial
canker disease[J]. Proceedings of the National Academy of Sci-
ences,2014,111(4):E521-E529.

HASHIMOTO R, UETA R, ABE C, OSAKABE Y, OSAKABE
K. Efficient multiplex genome editing induces precise, and self-
ligated type mutations in tomato plants[J]. Frontiers in Plant Sci-
ence,2018,9:916.

ZONGY,WANGY P,LI C,ZHANG R,CHENK L,RANY D,
QIU J L, WANG D W, GAO C X. Precise base editing in rice,
wheat and maize with a Cas9-cytidine deaminase fusion[J]. Na-
ture Biotechnology,2017,35(5):438-440.

TANG X, SRETENOVIC S,REN Q R,JIAX Y,LI M K, FAN
TT,YINDS,XIANGSY,GUOYC,LIUL,ZHENG X L, QI
Y P,ZHANG Y. Plant prime editors enable precise gene editing
in rice cells[J]. Molecular Plant,2020, 13(5):667-670.

WANG M G,MAO Y F,LU Y M, TAO X P, ZHU J K. Multi-
plex gene editing in rice using the CRISPR-Cpfl system[J]. Mo-
lecular Plant,2017,10(7):1011-1013.

DUAN K X,CHENG Y Y,JI J, WANG C C,WEI Y S, WANG
Y C. Large chromosomal segment deletions by CRISPR/Lb-
Cpfl-mediated multiplex gene editing in soybean[J]. Journal of
Integrative Plant Biology,2021,63(9):1620-1631.



