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Abstract; The rapid advancement of gene editing technologies has revolutionized precision breeding in kiwifruit
(Actinidia spp.). This review systematically summarizes the multidimensional applications, strategies, and challenges of
CRISPR/Cas9 technology in kiwifruit trait improvement. Leveraging high-quality genomic resources, such as the
telomere-to-telomere gapless reference genome of A. chinensis, and efficient genetic transformation systems like marker-
free Agrobacterium-mediated methods, researchers have achieved breakthroughs in fruit quality, disease resistance, and
plant architecture regulation. Key advancements include: targeted editing of AcNAC1, bZIP and MYB/bHLH complexes
to reduce citrate content, enhance vitamin C biosynthesis, and optimize anthocyanin accumulation; a host-pathogen
dual-targeting strategy that strengthens the AcCBL3-mediated calcium oxalate barrier and disrupts the hopAIl virulence
gene in pathogens, significantly improving disease resistance ; and knockout of CEN-like and AcFLC-like genes to develop
compact plant architecture and non-cold-independent budbreak germplasms. Postharvest studies have elucidated
synergistic regulatory networks between ethylene signaling and cell wall hydrolases, offering molecular targets for shelf-
life extension. Despite challenges such as polyploid editing complexity and transgenic regulatory controversies, the
integration of multi-omics and synthetic biology tools is advancing kiwifruit breeding from single-gene manipulation to
metabolic pathway reprogramming. With global regulatory relaxation for foreign DNA-free edited varieties, CRISPR/
Cas9-based molecular design breeding will usher in an important opportunity period of industrial development. In
addition, this review further outlines technical optimization pathways and future research priorities, providing a
theoretical framework for accelerating the breakthrough breeding of kiwifruit cultivars.
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NERERG, HEARARASNHBRE T £
MR JERN B (K1), 1987 45 B2 K B IR A
B CRISPR (A ol 7 (1] By 4 [ SCE &3] ), (HH:
DIhe H 2 2005—2007 4% A4 #% 48 7~ : CRISPR 2 1%
W1 F A, IF K B Cas BE RS2 B 0 05 B A
CRISPR-Cas #11F 55 A 2 T 1) 3 0 M e RE ML, A
J& 22 55 A g 5 B R 25 #H8 JE fill ( Barrangou et
al., 2007) . Jinek % (2012) #}f 5% i 1A CRISPR-
Cas9 J& RNA 5| 5 () DNA # R N ¥ B, 8 i
crRNA ; tracrRNA XUk 5] 3 52 FLHE (7] DNA BUEE W
24 bn Ak HAE SN RO P G T 3 —#L
A& 2 i (Wang T et al., 2019) , 2013 4%
Fe AR B RS H T N 254 M ( Cong et al.,
2013) e TR ER R A HwmE 4o, ih,
FoAR 22 618, 2013—2015 4E, JF & B 5 4 48
(BE) ( Komor et al., 2016) ;2016—2018 4F, #E it
TS 4% (PE) B CRISPR-Casl13 & 4t ( Anzalone et
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s AT B AH DG 19 AeCBL3 3 B, S B A ik 35 1R 3
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BE(A. arguta) (Lu et al., 2024; Zhang et al.,
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XL et al., 2024) . & & B5 M Bk (A. polygama )
( Akagi et al., 2023; Li XL et al., 2024) KRR
Bk (A. longicarpa) (Li XL et al., 2024) KK Br
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FUAFE . AR/ AR OCME B IER 1 PR,
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&, W E R T SRR 2 M0 1 S AR 5% (Wang
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3 CRISPR & A& fk ok K 52 &
BBy R A

3.1 AUEBAEERE
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Py iR & & B R 2R S R Rl O i, A
CRISPR/Cas9 #I ] @ B NAC %% 5% KN + %
AcNACY | 3R 57 (AL S e A TR % 1 I 2 PR A1
B fF Bl 200 A A C LW B, Fu 45
(2023) IIWFFEAALIE /R T AcNACT TEF7 15 IR A 14
WA R T, T LI A 3 o 3 R 4 i ) O 4
A BRPEHE TR, BLAh, Fu 5 (2021) HF5E &
L, AcNACT 38 3o 4 4 WY B 2 18 i 46 1k ) 3 i iy
(MSR) 51 g 5 i, 7 W1 CRISPR/Cas9 7 K 7]
FH T A 52 22 A 90 4% 1) G I R s AL ]
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B E g AE R C T REERmNKRZ — ]
BRI Z 2 A sk R, Lin 48 (2022) |
Liu X % (2023) # il CRISPR/Cas9 # A #8/R T
bZIP % 5% A 7 AcePosF21 F1 MYBS1-like/GBF3 %
A RAE S W3 R 0% GDP-L- 3B i 1R 1L i
(GGP3) FRIKW 43 F AL o 30 i 2 48 3 46 9 455 1A
T, B ERERL PR CHBRE, MIGE
o E TR AP R AL TR R
33NBEREHERABEYUR

CLCBRAEA (< 20 BH S AR ) DR 4 8 2R A
M &2 M E PR, Wang LH 55 (2019) WF5¢ &
I ,MYB/bHLH ¥ 5% A+ 8 & W@ S s e 5 &=
A LD (40 AcANS Fl AcF3GT1) 45 5 1A 21 5. JF
B, FIF CRISPR/Cas9 #E [ 2 45 1 654 5% [F F (1)
Ja s X8, ATk — AR AR T R A AL, R S
FELLE ST AR o RS O B Bk A WL
o JO AR T B E T AR A

4 FRERR AR EE R R K
M1 5K s

4.1 BEMBREEREL

Bk 5t 7005 T A f B AT TR A Bk B0
AR Fih ( Pseudomonas syringae pv. actinidiae, Psa) 7|
A, A2 W 4 BR R AR ol ) S K MR L RS
A A e A A2 4 32 BR T R BT B R Y B =
Il CRISPR/ Cas9 43 AR Jy fi =409 1 i bRk ol [ 42
HET B RS, Li PW SF (2024 ) 3 i 4 48 AeCBL3
SR, e B LR 9 1 8 R K E 240 A BE PO
P, vl B E IR R R R Y, X — R
7N TR AR = W e T T T TEE T, R
T o 5 R G R 2 o R B Ak S K A e 4R AL T kT A
o BEAR  FELL O BR R % %E 9 MYB/bHLH &
BRI ALE RGBT H R 258N AR
WA, T A I I Y 5 41 6 RE AR 5 1k R) 42 4 T
¥ ( Chezem & Clay, 2016; Wang et al., 2022)
4.2 FRESHER B & TR

B TR R i B i e R R P
MG 55— 21 . Ho(2019) 4 ¥ # CRISPR/Cas9
R 5 A Psa J JE A, I 8 DA g T 4 TR
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Table 1

Kiwifruit cultivars/species with completed whole genome sequencing

and their contribution to CRISPR/Cas9 gene editing

BEHAMFAFR (Z7% 3CHk)

VAN G . b CRISPR/ Cas9 #4517 JT] HE Al
Cultivar/Species senome (Sﬁzlfl:r:::eg) researe CRISPR/Cas9 editing fundamental
CLTRA Bk Huang et al., 2013; Wu et al., 2019; FrBE MR AR A 2 07 3 S AF 5T

A. chinensis

AP AR SRR A B

A. chinensis var. deliciosa

TAEBREE

A. eriantha

‘Red5’ Bk

A. chinensis

7S A AR SE R R AR Ak

A. deliciosa

CIRLL BB

A. chinensis

el - ik A
A. latifolia

ARk

A . arguta

A. melanandra

M BRAE Bk

A. hemsleyana

HTT R Bk

A. zhejiangnensis

BB
A. rufa

B ARk
A. polygama

TR ARk
A. longicarpa

FAFHRIG B

A. macrosperma

o Jk e A0 B

A. reticulata

Z AL A

Pan genome

Yue et al., 2023

Xia et al., 2023

Tang et al.,2019; Yao et al., 2022;
Liao et al., 2023; Wang et al., 2023;
Yu et al., 2023

Pilkington et al., 2018

Liu YB et al., 2024

Han et al., 2023

Han et al., 2023

Zhang et al., 2024 ;Lu et al., 2024

Hemara et al., 2025

Yu et al., 2023

Yu et al., 2023

Akagi et al., 2023; Li XL et al., 2024

Akagi et al., 2023;Li XL et al., 2024

Li XL et al., 2024

Li XL et al., 2024

Li XL et al., 2024

Yu et al., 2025

Supporting research on citric acid metabolism and
ethylene pathway

Oy SRS Ml B RAR AL T, SRR PG AT PME SR 4 4
Providing targets for fruit texture improvement and
supporting PG and PME gene editing

SCHFiEAS CRISPR HAT 51 A BTtk 6 D5 S i 4k A 5K C
PR A

Supporting the reintroduction of resistance genes through
CRISPR; providing vitamin C metabolic targets

S D Dy B T RS A S AR B R
Providing a foundation for gene function annotation and
supporting target screening

ST A5 R g R A, S 2B R S AR S
Analyzing the complexity of polyploid editing and providing
reference for multi-target collaborative editing

2 BT A PR A5, S e SR R
Providing metabolic pathway gene targets and supporting
the design of high nutrient varieties

Shy 85 it 2 4 R AR A4 A0

Providing a basis for cross variety editing

P LB AR 53 R A

Providing stress resistance related gene targets

P T M R A

Providing resistance gene targets

AT A BE A B 4 TE 8% 2 AR LR B AK R
Providing theoretical basis for breaking reproductive
isolation and expanding genetic diversity

Sy B e R (A I R 4 R

Providing genomic resources for target design

RALEER C B

Providing vitamin C metabolic targets
SRR R 1A R A YR it

Support synthetic biology design of aroma or medicinal
ingredients

TR D A A | 358 1 22 1 R D i AT 2 2 14 L A
Deepening the understanding of genome evolution, genetic
diversity, and functional genomics

PR B 2 BAORAYHL S

Providing targets for the fruit hairiness

Sh AT B0 T o AR 1 S

Providing a solid foundation for precision breeding

S YRS | S S IR S BT
Providing a multi-species target library that supports
multidimensional trait integration design
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WIIEBR T Psa3 WA Bk p18708 A4 A 1 4
TG Pac_ICEL, SEBL T % Psa3 Y € {4 3 A (1) #11 i)
%% (Ho et al., 2020) , NI Psa BYBUKHLHI
FER BB iR R B A4E T LAl Liv B 48 (2023)
=LA T X — K mE, Al ] dCas9-BE3 Al
dCas12a-BE3 1 & 4 5 R 4t , 76 A VT Wr DNA XL4%
RTE LT, K E R A Psa 1 hopAIl ( 7 % 5L WL
T) FEH A 70% DL b 090 BB R AR,k b
TR I AR B 3 R HE w0 SR el T A T
CRISPR/Cas9 M UE AR T A4 A T B ARE

S OARE 5 kKA BB RORE

50 EPEEESFEFS

BRAER N ZAE R AR, HoK 3k 3 4R & 5 4F
() 2 1 7™ Ol 29 F R AR, Varkonyi-Gasic 4§
(2019) jif 1 CRISPR/Cas9 #i{[%: CENTRORADIALIS-
like (CEN-like ) 3 A | S # B 52 RUBRBe MR 6 1k ol B2
BERUAE AR, A S H R T, X—MFRERT
CEN-like SEPA7E 25 10 o O 5 v (%) SCHEAE D, A 4
FEE R R AR AL T F A e TR, SR, Wang 5§
(2021) WFFE KB, B AR CEN FE R 4 S8 ol A8 bR AL 5
Xof S S R RAGRIR S A PG R R, R WA R TR T i
(AR Ak 4 M TT B 328 2 M R R 5 A 9 i
CRISPR-Cas9 %t CEN/CEN4 N | 18 2N bk
YR RSB TP T AL R A A, WA A N
BTN (A, eriantha) B CEN 5 CEN4 )5 , fii
HRAESUG TR B sl B Ak Jm BV A6, #2550
ANIEH 5 7730 o 0 o) DU B AR SRR AERE (A, arguta)
JIA 4 A5 3RS T il R AL A Hoh 5 4
AP R I A BE BRI AE EARR I T AL (Herath et
al., 2023),
5.2 YRBR 5 HE ZF 8909 Min 2 43

T T SRR A IR S 53 A4 AT T B 2R
AT B A T BB IR BL X — 3L B2, Voogd %%
(2022) %7€ 3 — A 5 p JF FLC [AVE A MADS-
box B 3EH AcFLC-like , 36K Z ARG S, 8 i
TR AL B (ANZHEE FH H3K27me3 25 H 34k ) 7
P 2EFE] i CRISPR/Cas9 i 1% 5L [ (1 i3
Bl DX, AT T AR A 1 el B Bk A
IS T AT R EE B 2E, S O S AR A AR IR T
M g 2 TR BT 2 BH BRI B I BET
FE AR PR 45 A A5 1k AR B 7 T EL A A A

Wk CRISPR/Cas9 /-3 BFT FEHHEAE, F=4ET
FEAR IR Rl AR K R A S AR IR T AR
AT 1L RNV B I], 78 7% i S R R0 28, 7R T
BFT 3= AR B BRI T8 2 98 2 o %) 25 224
(Herath et al., 2022) , S~ iF — A PR AA SR A 00 A=
KRB LG ERAL T 52 AR

6 RELK#ERELRN ST

it

6.1 ZHEERESESEBRNIARE

TR Ay i Y (3 I 1 R A AR SR ST 20 R
P H B O T . NAC 5 55 738 o 30
B 2 R % AL 38 IR ( AcMISR) 4% P it 2 R A
W, R 2 M A i, 3 CRISPR/Cas9 @K
AcMSR , W] JEGZ LR AL, I FE R AT AR (Fu et al.
2021) . AN, Wang %5 (2021) UESE, B 76 2 850R
() CEN & I 4 Bk R, £ 0 3 % 1) % B 3 [
(4nACS 1 ACO) ik K32 T, & W L i 45 ™)
YR IV G
6.2 2 R 2% b R B 1 50 1) 4 48

SRS T b R AL 5 2 R LRI IR | (PG) N
LY R (Cel) WG MEH VIR, Zhou 55 (2020) £5
W TR F i SR TR A CRISPR/Cas9 UL ¥k PG
FE DR LA el 3 1 D 1 28 1) X — SR ] B T B
ZRBERE, Ma 55 (2023) 3 — 4R 8 2 2
B[R A ) PG, Cel FNAL 6 TG B ( PME) 3[R, AT
RSB0 S0 B 1 < Tl Zm AR AL 3T

CRISPR AR IETEIK S ARGk & Fh i R Go k4
. CRISPR/Cas9 £ ARHEZN T HrMk Ak & i L HL—
PR KL 24 B R GG, ik 2 FiR, 4
FIF 5 O 8 37 7 55 AL S 50 T P v | R R O 4 A
DA AR ) e TR G 4 B AR R B 388 28 4 7 185
BRI P 2 1) AR R, JE R G R 4 A R
Wi A VR P S A B AE W2 T W 9 3 e A R v 73
WU 22 5 PR 28 A3, R i i — Tl — DI Ak 1Y) PAT 2R
WITHERL X — AR R AR AL G2 T Fh iy Stk
AR T G A A7 2R 4l % it FL 33l o~ o
BTl 1% R G0 iE AL 45 SR 25 AR T
TARABVEYIE R, SR, 22 FE D P [R] 2 6 1Y)
TIN5 A AR TE I AT 2 AR A S A AR, X
JESEEARPACFR B T 7w,
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Table 2 Application effect of CRISPR/Cas9 gene editing in kiwifruit breeding

e I ] ERZNEIN SRR 2% Wk
Edit gene Target trait Edit effect Reference
AeNAC1 PR 7 i R AcNACT 2 9, 0 385 Foe AR P 60 1R o i, R T 2R Fu et al., 2023
Citric acid content RIS
Knocking out theAcNAC1 gene significantly reduces citric
acid content and enhances fruit flavor
AcePosk21 fhECFE Yt bZIP % 55 AT AcePosF21, W ERE4EE R C & Liu X et al., 2023

MYBS1-like/ GBF3

MYB/bHLH

AeCBL3

hopAIl

CEN-like

AcFLC-like

BFT

AcMSR

PG Cel PME

Vitamin C content

YeAZ C ot

Vitamin C content

HAE ST

Anthocyanin accumulation

PUmTE

Disease resistance

Bt

Disease resistance

R4 55 JT AL I 1]

Plant type and flowering time

1 25 ) [6]

Sprout time

PRIR 551 28
Dormancy and budding

T I SRS
Ethylene biosynthesis

and fruit ripening

R

Fruit texture

I, AR S RN E
Editing the bZIP factor  AcePosF21

significantly increases vitamin C synthesis, and enhances

transcription

the nutritional value of the fruit

%4 MYBS1-like/ GBF3 & 1K, BTE GGP3 ik, 2T}
g H C AR
Editing the MYBS1-like/GBF3 complex activates GGP3

expression, thereby increasing vitamin C accumulation

%% MYB/bHLH &8 i 475 2 45 AL (AcANS
FIAcF3GT1) BIRALA L1 6

Editing the MYB/bHLH complex activates anthocyanin
synthesis genes (AcANS and AcF3GT1) and enhances the
red color of the fruit flesh

i AeCBL3 FER | 1A 50 85 W5 R & VR 18, 410 s i o
e
Editing the AeCBL3 gene enhances calcium oxalate crystal

formation and inhibits pathogen infection

45 Psa IR AR AY hopAIl FeIR | FEAK G I 3 51 70%
LIk

Editing the hopAIl gene of the Psa pathogen reduces the
virulence of the pathogen by more than 70%

WS CEN-like BEDY A5 B4R BURIRR A AL o BB T IF i
SARFTIFAE
Knocking out the CEN-like gene transforms climbing plants

into compact types and induces early flowering

it AcFLC-like FEIR, FT AR HAYE , 00 J A B £ AR
HRIE ST IE R F

Editing the AcFLC-like gene breaks the low-temperature
dependency and allows kiwifruit to sprout normally in non-

optimal climates

Yl BFT P Sk 3R A A5 1 AN & I I 18] 2 F i 25
Editing the BFT gene delays growth cessation and leaf fall

time and promotes early sprouting

PR AcMSR H: IR, $E G2 SR AE A< B 40
Knocking down the AcMSR gene slows fruit softening and
extends shelf life

ZHE i PG, Cel 1 PME B | SE 22 5 52 5 M Ak, 4
K
Multiple edits of PG, Cel, and PME genes delay fruit

texture softening and extend storage period

Liu et al., 2022

Wang LH et al., 2019

Li PW et al., 2024

Liu B et al., 2023

Varkonyi-Gasic et al., 2019

Voogd et al., 2022

Herath et al., 2022

Fu et al., 2021

Ma et al., 2023
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7.1 RER RSB

S Wang 45 (2018) 38 i {54k sgRNA &%t}
Cas9 Fik RGE, BRIk i g B 380K $2 T 80%
AAESZBR B A A G i 2 Bk, ks £
R 1) 25 6 56 PR 2 2k, (015 4 4 I e Y
A — R R, A5 R BRE R0 A 22 2 Y
R Z AN S LR 78 JEAT 356 PR 4 S ) e DL £
E I 45 o7 35 R AR WO e A& i, Bl n, e g S
SRS R O TR R B 308 43 45 57 ik DR 4 86 ok ) )
REFETHEIT R, 10 A 2 4 o 40 00 50 SR AN 1) 55 o7 3k
PRI 2 5 SR S0 T 2 22 R 5%, DT 52 1 R A
B, B, N R 25 Z A, CRISPR/Cas9
RG] BE 2 A AR A S AT VIR i R )
P RA Bl k— RV AK AR LY =R, Tk
TIAE R E MR, AR S 5K RS
B, B 28 1 3 S8 3 20 1) A R A2 ( Yao et al.,
2018; Liu CL et al., 2024 ; Nazir et al., 2024) , LA
FI T MTL i [H] 4 % A1) i B 44 A 461] ( MTL 5k 8] 4
M AERYRe S PERR AR I ) | A IR & — Bk
A T3 Tb 32 PR i e ol 2 ol i 26 (o7 2 R 1 4t i 4
SR TR B O RN 4 AT, A B T O gk R R A R
ARIAE R, T3 55 B R AOR
7.2 FEEERBEERNEL

H A, 2 805R A Bk J DX G 48 AF 5% A0 i A AT 7T
M RRFRE LB AR, X — k& S EE RN
UL, TH R XL SR P Y i AR BE IR
WA R AR A% 3 BRI T 3 DR g Rk
PR A ERE PR IE, JF & e AR e i 1k R 4t K Bt
2215 CRISPR 443 ( 40 RNP 3% ) B A1 1] @l
AL FH A ¢ 8 ( Chandran et al., 2023; Li PW et
al., 2024) . Johric % 4k Z 48 nl g2 i i A il 2
PRI 7 4 AR AR v ) B B DT BB AN A ) 22 4 AL
1M RNP 3 3% 7 AR W J& K CRISPR/Cas9 # 1 M
seRNA F 3 A4, e 7 4N DNA 224 31 5
P2 v, 7 SR T 2 B DR LI BE 22 ) DT #E 8l 3
G E T
13 ERENFESSHUERES

RRBER T A L5 A CRISPR/Cas9 54
BUAEY 2R TR SC 2 4R e & g i,
W T B 1 T 25 6 B I ) A BRI, RT3 o SR S

S (Taratynova et al., 2024) , $2 F H i &7 5 4+
J1o TRIAE % Keul %5 (2022) 32 H A9 B et 9
W&, BT AT R A S (AR B DGR ) B 3
PEPAR A0 B (][] | BB 08 11 J A Bk B Je b 3l 7 B
BiAs b, TEwIRIT, JA S #OE R 2R GA O OR 2
I, 345306 A VR FHAH DG HE PRI 2 | DT 4 g 7 £ A1
T, G B 22 D RE L N M R R A kR A R i
BB 719

A7 IR ik PR G 0 1 AR T R A Bk e 0 T i Bk
i W TER AR, BEE BRI AW BH 5 T4,
S B OR 5 I RE RO | B B TR g A R ST AR
[ RIZ AL B v, & A W)l ok T 2/ MR
SRS (B 3) o R Bk & Mo SRS e s, A
B5 A B 220 R T 3 KA A B el DTG 4 Bl
BRAg Ak sl 1) 7T 5 22 i, Ry A BROK R T A
Al PSRRI T .

8 4iE

CRISPR/Cas9 £ R IE7E Rt HA BB H
P RR 2 0 2, 4 3 A S — MR o R 1) 22 4E
eI KT, 7R SL RO 5 2 1, BR Fod 5 3
PRL2H 2 2 5 T8 1 R 1) 3R 3l — J7 i, 200 % T
tRNA-sgRNA K & (PTG/Cas9 ) 18 i 11k sgRNA fii
AR R RS 2 A8 R4 THIE 10 £% (Wang et al.,
2018) ; 75—y T, 22 )2 W3 PR 4l 850l 22 ( 4 KGD)
IR ) 3k 2 % 35 P 4L 19 4 B ( Yue et al.,
2020, 2023) , KB YRR JE 4 W25 AT AL T A
SR, (A S TE R S, CEN/CEN4 3 [H 45 38 &
GiAE AR DU PR BRI v S B RS2 T AL e A
(Herath et al., 2023) &5 5 AF MR 2 2 4
H (Herath et al., 2023) , R B CHM R EE T
il HHET, CEN4 JE[R gl 2R e AE A% (R DO i
B A Bk £ 52 B KFE £ FF £ ( Herath et al.,
2023) , MhnEE Al G R AN ERAL 7RI EE; I FT A
i RIEE HA bR fl -G B AR W25 52 B A6 B 1] 9
¥ (Herath et al., 2023) , XS0 & AR AR B A 3
AL T AR . TR N T BRA Bk
SER g O AP ARHT A il CEN4 G
{18 3 A= Ao o T S B 2 AR B, TR 5 M
FEXTTCHMIE DNA G BB AE Y 0 43 S8 B0 Wb 35 4
AP IR R R TALER 2 2T WK B Y sgRNA B 7l
Iy 645 CRISPR JFOCSERTIEER AR, it — 248
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Fig. 3 Prospects of CRISPR/Cas9-based

precision breeding in kiwifruit
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