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e WBERTHWER, TR EEHER, FEE~. KA. REEBRAREDLRSH, ERERELLSH
KPP/, 2 TCRISPR/Casti B H R RE B A M B EH A, FFE T RIEMB AT HAFHK. £H0
HYEFRETHELRTERBTRATARAERA, AME—LEEZREY LMFERMEE. FEREHI
EEBRBEMTP A fER, ETHORENRAEE ZATHEERN KL, EEARAERRE ST
B SEGHWERRE T AL, F L% EF 50 E FE % % (virus-induced gene editing, VIGE) & &t ~ R #13% £ # 1k
AR, RELKEARETHE B RELER L, A AREERNER T ERILRD, %R RS TH
WEEt # A EHE AN TR EE . VIGER AWM A, AA%EET M EAH, 8 7 FARE, F# %7 SR
DNAR SR EF AR e e, YHEWEFRRERFEEZH L T A A4 T F XA B VIGER KR H#TEA,

YT VIGET I 49k 5 % /B 7 1, A VIGE# 2 R SR 1 5 %

Kkl E G, YR F IR, #38 TH, CRISPR/Cas, 1/ &

RN R O I EE s v INEE =T AUNSE/N
W, BB YU E L SRR E B R, X R Rt A
R MO T REEE R R B E . T M
1] B 5[] SC 7 52 7 51 (CRISPR)/CRISPRAH C A% 2 il
(Cas) RGN SEH AR, il AR AR A2 S e
B At g semtz —2 AL N ARG i S AR R 3t
TR SAE T H, REgEEES, AT
gRNAs(guide RNAs)RES | FCast FHIRBIIFUIHIFEE
[IDNAKIFR T, 51 % A A DNAB R 12, M SE
LD . I A SR s 528! CRISPR/Cas &
SOz N TR R I RERF ST . EMI SRR B R
I P AR A4 AN 4T 6,

1 YR g%

FEH gt i, AP CRISPR-Casyo i aiis
6B RE A0 b R e Ry — U R T A A

D5l 2 B e A 2% 2 AR AR AT A 3 1 7 S TR D R
ST, BN, Rk gRNA K Cas3 K 1) 5
W, AR PR I ORI AR R T O U A B
Ym A Lh, SRIF1HES A, B hUEbR e ST
DR BE AR AR, P 3t ARG, 7 B R 5 i
FERE; e FIFH 222 F0 B 380 7 20K A 32 PR 2 4
JCPEEBR, BZARIS TCANEDNA B Y S A AR 7).
SR, ABGRIRRE IAL AL Bt 27 ), fE—2E R
ABRAEY) T BA AR A FE R AR, A REE/DEUL
AL A R TR AT B AL A, R R 20
B S AVRCRARC. U NZZ S b Fielderist (% 5% ks
RALIERN50%~90%, SRIMZE—LEFT YAk ) r [ 3538 /)N
H R AL RCRAAT 2.9%~22.7%, L% — Lk i R 5]
UN/INAZ AT S8R ME LA AR, a0 S PR e R i) T 6 R
S AEAE ) B RN .

N T ik R RS R A, BHEE A T AR Bl 2
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W& —sepr i 6 =X, R PR T2 i 0 X
AT S A FR G (RN A K Cas 25 il 52 A 1R B #5575
YRS, SR 5 e B AR RS e AR
LR RS O TOAC A 10 X iy o R R T
LR, RIS AL S 3%, X — 2ok LI Ky
FRAE A ERES SR T —E R . SR 2o, #)
EFMA—L L BT EFHIUWOXS, nl LU &
YA R eI ek CasORYFE RN AE S v, )
LAT R BEF gRNA 525048, [FIAFRIA Lk 7
KT, Bl Wuschel 2(Wus2), SHOOT MERISTEMLESS
(STM)HIMONOPTEROS(MP) 55343 =44, FEEITES
KR IR A8 S TIOHART ), Bedh, BT FHRNARS
EDIPIW G BN IR E 25 UL =W 2 T NG R SR 2 9PN E T = T
PEUEHE B s i B R 4 AT LR g, R X
SEIL R A AR BUS T R, Sl ERIEY
ARSI 2R 7 . BCRARA R, AR im0
FEPR 36 2% 7 RN R

2 RYPRTREAR SRR T A &

FE AR B2 AS RO ML N AR 2R W, REASTEAE D AN
MO RG T, 5 ™ E A YN RN, U A
7R UTARR, MR TR R BN T, BN R
etk 2R OE A R AL AR SE R Rk T RSO0 Ay
SRR B W) 2634 H 1975 i (virus-mediated  overex-
pression, VOX)Y1.0hAS, FH2% 2 T i i 5L A Dy g
Y8 M RS T I TR 2R 4R (virus-induced  gene  si-
lencing, VIGS)HI2.0MUA, ML A Ji s i 5 i 0k
[K 4% (virus-induced gene-editing, VIGE)()3.0fA! 7).
FERE D)o B 1 BE DR 20 rh i A SRR B I e 14 (CastR
FA/ S gRNA), M5 & il 3208 £ JE Y Cas/
gRNA, HEM7E D FAEPAR N 5| & i 2000 5L K 4 4
VIGE# A 1 2F 5 SR IB AR HICRISPR/Cas R 1Y
Peds, AP EE D RERTSE . VEY ek B A A= P Ee
AR FFFRE T Hrig el

PEAESR, YR IE X RNAJK B (positive-stranded
RNA viruses), 1 X RNAJN#(negative-stranded RNA
viruses) A XDNAJRREAR] 12 W H T VIGER R . — 1
BUF, 1IE X RNAJK BRI F R AR g, (H R T2
HEUN, FetEREMIMNEIEH B ER/N1~2 kb),
i TE CasOF B A ) rh g8 % gRNAs, 17552 K 2.
i CRNAJH BE R A e R LU S 4% . MERE R, SR
HIER A I HEA LR, BB AR E Rk Castk

H LM gRNAsSE G oo, W] DL B AR AR5 2 AR )
rRE EIE N . —LSEDNAJKE 2R B2 6 15 52 A 56
Moy, MEMIE R TFIRR, WEEET R R g
BRI SRR B AL RE T WO R, A AT P AR
().

2.1 EX RNAJ;# % sgRNAN VIGEA £

IE XRNAJRHE— MR YLRESIoR . &7 FREDT, 2
SAEZPAEY) F RS SRR g (K 1 (). 20154F,
Ali%E ATENHE G 5 (Tobacco rattle virus, TRV)AY]
RNA2E AR Hf AsgRNAs, JII7ECas9f% 3 K 148l e
IERIAE MR S B R G, TEAR LA AR T 43 1A
R Qo AGHI 30 B[R] 2, 100 ) ERZH A TRV B 1T LA E
WNGEY k] UG Vo B e = C N ) S I W s ALy B o
(Tobacco mosaic virus, TMV)ﬁ%%%EE%E‘J{i
B N sgRNA,  TECasOWRRT 335 1 240 i P 7= A= FE 1A
gl BHEEIRIE S R 75 (Beet necrotic yellow vein
virus, BNYVV)PY OSB3 (Potato virus X,
PVX)P @i S RGN B (Pea early browning virus,
PEBV) 224 BB 33 2% sgRN A s 5 Cas 9% 3 [ A 4 41 |-
Viane bt NS RN Tl buY (i UE SN E L R SR NI
KR IFFLOWERING LOCUS T(FT)3E R A% ottt
il FsgRNARY3 AR, IR HAL S, ETRVIEMHEL
H A B R $1190%~100%, F FL AT 814 4t
R RIS PV AT LU 4 A S F TR st i
R~ BEsgRNAs, TEFEIEH CasOf AR A A rh s Il 2
H PR g,

— S Y AR AR LA R ) R A e A AR T ]
ME, FIHIVIGES: & 51 S B A R 5 JnoA s 1.
H i B R IE CRNARS S iR VR ik
sgRNASL I K i 4. K2 SR BUEMIN 5 (Barley stripe
mosaic virus, BSMV)E R HAa, B, y =555k, fEEiz
PeRFE . WNFE. EREZMEREM AL HRIEY. T
O KA e b KA . K SE B & T2 T
BSMVIYVIGE# A, 75 HyHE Fiyb A 4 i HES 11
AsgRNAJFSI, REMZ 2% % sgRNA, 7ECas9fk LA
AIA A A, /N2 0 K B A 20 P X BB 7 R R
WS, AR Tk s EBN S T E R B G 5
R EEMS A BAS1E, FIHIBSMVEEAS i
NAEFE M HEA TR T2 RE 1 HE 5, BSMV-VIGEZ({ATE
CasOFE LR /N [ih 1% sgRNAs, A LR 3R A5 g i
FARHREEL. R, 1R im0 215 3 44 1 Cas9%:
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Bl 1 R AR GRS (2) IECRNARTEA S IIEA S5, FT, FLOWERING LOCUS T, M&ZItft. (b) DNAJRRES AL .
Replicon (RS i T, X HR B Sl 21 A3 dE i S8 AR, T LAFRIBAMIRZR (1, (R AR TR BIRE AT, (o) S URNAJRRES T UL R A, HC
TR T kBN AR, MBEHT b A 1550

Figure 1 Models for plant virus-induced gene editing systems. (a) Positive-stranded RNA viruses-based VIGE systems. FT, FLOWERING LOCUS T,
a mobile RNA element. (b) DNA viruses-based VIGE systems. Replicons are defective virus movement by replacing genes of infection and cell-to-cell
movement with heterologous sequences. (c¢) Negative-stranded RNA viruses-based VIGE systems. Arrows with solid lines indicate well-established
systems. Arrows with dashed line indicate the predicted systems to be achieved

SERINAZ BAE R SR SE AR EA T 2458, R A R BSMV-VIGE#AKS /INAZ o5 550 1 23 8 o 4L IR
SEAVES, SARAFTCAMEIE R U IS A AR PO T, BSAS A R R AL R Ta HRCHEA T iy, 774 T B
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AR ERPTEFR (& 1()). B A— MR YLt
Yt R B AL MR 85 (Foxtail mosaic virus, FoMV) ] L)
FsgRN AR]85 2] Cas O FE R BYA LM,  FORFNA
TN P 5 | &S i (1E 1 (a)).

2.2 F X RNA¥#E#% Cas™ 1 HIsgRNAIK VIGE
k&

IR IE CRNAJHE EE 1% 2% sgRNA FEAS S H X #E bR AL
PRI ) e i i, AR ) RO Cas 9% BE MY, AT
JRIBRAYE. BRI, T RE IR 2 3% Cas9HE 1 Mz sgRNA AR
YIRsEER, A RESS AR B R K, § R VIGE
(R FFEFEL 1E CRNAREEEPVXEAK I TGBs 5 CP4wi
HE 2 [8] 0] AR A4 A Cas9FllsgRNAs, FTH FARFTH IR
T T AR AR I, BRASTESERN I R v RG] 1) 45 2y
M EERCR, (R RN 7 AT IR 25 TR ARAT T A
SHT-DNAF AP (K 1(a)). I, 17 TAEM 55 (Bam-
boo mosaic virus, BaMV)LHEWERIAT#E Cas9 F
sgRNASTEAAJHFIATF [ PR 4 T 5 | & e S IR 5 ]
JEAT L R G 200, R T IR, R B
I3 #2355 Cas9%E 1 SesgRNA,  [R]HZ Y [a]—Ha 4 240 i,
ATLAG | B R g 9 an, BHIF SR AR R i S0 75
(Tobacco etch virus, TEV)3RikCasl2afiH, S#7
sgRNAPV X a5 Hh [F {2 YL R L, 5 e A% S B0 0 2
TRANM Y e, FLAmiECRIAH180% (& 1(a)).

2.3 DNAY¥i Ak Cas H MIsgRNAI VIGE(L £
E A # UL A DN AJG 8 VIGE SR A % 2 (AR B 9%
BESL TR OCHL Gy, ME s R A R PRI
BeR A TR T RGURYAE TS, HREERA T I
TENRBE S T TCAF RIS T B 2k SRR 1 (&1 1(b)).
K G EIEIR T (bean yellow dwarf virus, BeYDV)f & il
T A FR TE R B A M b R i R A T Cas9 iR
sgRNAsLI K ] T H AW RIPIE LT, S 1 X JH
ALS(acetolactate synthase)FEFHE B4, HA5 T Ht
BREFIRIRE; FIHIZBeYDVEATE S8 b S8l T %F
THMEGUSHEIN (1 [RIIRAE 52 LA L A IR A LS HE i) 45, %
AEBN I FHBeYDV, 7E7 i T35S H i 8h 1 i A
BT REWMILNANTIH b, ik P ERES 1k
HRRIBW RGN, JF B HRBSCRRR T
LG AKF N FIEZAR T 106552 edh, WA A
SHIVIGERREA T 4 B T iAW I Y. /INA RS
F(wheat dwarf virus, WDV )EEAR 1] #4528 Cas9 KL [H Al

sgRNAs, il SRR @ ALk, E/AhEh
ST AR I DR [R]JE AR 52 LA R A 3 DR A R
AR 1(b)). WARREN A VIGE B SR CRR H, 2
S EE AN EA RGN, TorEUE A R AN M AR A AT % e
. (EAS TR, B OB & AR R B KA
PIE ] IR HEDNAB R IR, $ IR s E A
GG BRI 1(D)).

2.4 L RNAW R CasE A flsgRN AL
VIGEfk

UTAER, 11 LRNAJR AR I S Hh VIGESZ
HE TR RIS RIA R, 1 CRNAJG S W) 35 (5 221k
FRE R, AMATREEEARNA, BT E R KA
HHIREE I, A RedE— A TEMERREE AR, N
e I AR L IE CRN AR B FIDNASG 1E R 2% . MERE
RBA3STRH, AEXS T IE CRNAJT 2 HIDNASR#E, AHY)
1 CRNAJE B 14 [ [t AL 2oy 2 /0I5 JR 304F. 721
SCRNAMEEIRFFE T I, 223 350U T 580, B
5T E PR BB R, 20154F, Wil R2EZE1E
TN L R FH o SR B 5 (Sonchus yellow net
virus, SYNV)EES. T 58— MY 11 LRNAREEE Y S 1]
WHAEZEATT R YL, 38 L R 08 56 PR 4 R34~ 52 il il 2
HEAEZASY, AL EESL RGR Y. 20194F,
AVRLE A 1 MR YL AR A ) T CRNAS 55—
KA 25 S AL R B (barley yellow striate mosaic virus,
BYSMV)I R [alistf6 2 R 58, TERAE . hE . EARSE
PRI DL S B AR SRS m R R Y, 18T
DA 2R3N P 20204F, stk Ko#
P /NoR B IR 3B T 24150 T LU RNAJR B —F il
PEZE0% 55 (tomato spotted wilt virus, TSWV)H =[] 15t 1%
SRR, X [5G 2 R A R VIGESR L3R
A ik T H.

5IE X RNAFFEEAA L, 1 LRNAJKE#:EA K
LR, $EESMEIEN B RE T B, BefE ] 1L Cas9
1 M sgRNARRE N G Te i, 5 s R 22 [N
(Fl1(c)). W THAEAMEE R, HEM{UH DEBILA TR
SCRNAJKEEREAGE R i Ak, HA R AN W ).
BN, W25 E AR A AR HISYN VAl Cas9 2
H UL S sgRNASIR YA A, TERGAZ YL T T =200
B G, PRI I RS TS SR, AR
ML IR A3 (Y i AR 1 (). AR IE AR IATBA
SCKETSW VL P 4 BE 28 11 GP Y I SR HE R 42 Ky Cas 9 2K
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F1, PR AENSsH 1 0 A sgRNAsH T B4R 7E, i
INTEA AN . BT Z R RHE Y h S8 T R i
YA, PR A A SV SR, SRR TCRE
g FRIPIE 1e)). LW, 2= IE MR AT & —
AN SCRN A SR B3 i1 BE S AL s 7 (Eggplant
mottled dwarf virus, EMDV)ZRAK B 4% [w] 48 & s 1%
CRISPR/CasO¥ R, LAMRE R Git 2l LU SME TR,
AT LR FRAT IR bR, S8 AT RS E st L
ZJFRE 1(0)).

IR ST R 1 L RNAREEA T 1 S R i 2 A
FEHRRYOLHE, H il TR RHEY) b 58 = 3
B, JFIRATTCHMERE DA oy (e UK, 7T LARDE
EEPU s rREY, BT K. SR, X e E Ak
BEANRBAZ DL SO AE ) (1 AR B AR, PRIAS BE BL e 3R A
i AL HEl, BZ R R Y RARIREY Y T2 3L
RNAHHAUA, [ T8 A A A= e 22
FEFRROMERE R, R R £ SCRNASR R B A TE AR AR
PRAEW) b5 F] s (5L R g v A R ek, HAT, 7
SCRN A BELE B B ) 1) B2 1) st A% 2 AR R AR —
11, ALFEAS A2 F B Y SMVE RN )5 RASAE M-
5 (northern cereal mosaic virus, NCMV)*!, D K b
BN ST AF I Whitfiel d 2B 41 F G R oK AR
G EEMMV) Y 1(c)). Hirh, BYSMV#{A4 2 Cas9
FsgRNAsAEGSTEA A M= G i Fr b 5 b e 24 44 4
H R, DL FE A A W R AR EY) I
FIURIEH Fid, s RIEY BRI 1(0). Ak,
BYSMVIS7E /K KB AR Py i 3, a5 7
AR B B AR A S R A A BT R A A AR
PGS RE TS, ACRAEIE AN, S
AL g, XTHELU AR AE R AR VE D R i,
B EA YA,

3 YRS SAE R R Y

HAl, VIGEC ZH4H N H T B R g s ot #n
YEYp st RAE D7 T, JUHOZRERS IR B g oo i
1 CRNATREEEUAR, AHES TAE G (AR ) 3 H R
2, Won i —F5 B p e,

G, U URNAWEES 3 VIGEAMK i 15t (454 1k,
BTG T, G RIAEYIEER a Jrk, IRAF A T
AR MRSk, TRANE AN
AR, AGRERT 2 ), 1 X TR 2L
FEYp AR, RIRAL. T VIGES AN AT LAZE T 3%
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SOEHULIR,  H T FE PR R i o sk
YA, B0, FFASYNV, TSWVHIEMD Vi i
FRh ] LUK CRISPR/Cas R G PUH S A MEHEY) b, 52
PN H S A g 20 e RO S T D G
R, S T ERRCR. RIS, AW EAN
LR GEEAR, IR SR AF L G 4B AE AR,
i N BURIBT ], AL S8 vk ) AT RE R 22 B[] B
K. H, FIHVIGES AR LLAICHIR L 58 AR B S8R
SR, il A S R T e

HWK, i LRNAJHEEA T 0 VIGESi B AE Y I AN
LR Sy, AR, R R TCHMNEIE R Ao i L
H g 2 FR TR T B S e, B2 BRCRISPR-Casg
BT RARIC I, RIS AN FMRDNA ) i A
PR, TEAR SRR i AR T, SNSRI AR S LA A
FIH R A, 51 EEYZERE. HTEY%
FERNATESL ot B h A DNAM HAE R, Aok
ARV A, i BRT R IR g T 5 R S
GiH)E, JOAMEREILN SR aR Y. R VIGE
H 5L R A e A e Ve i, B 5 TR A AR GE

~z, [47
St

e, VIGEASHHE YL R i sicR o m, N
PESR. R EETE DT F UM IR S, e REm F A
IR e, B SRR R, [FIB R R
5 0 L R R A ] LA SRR 223 DR F [ o i
I8 AL RERS (A 45 215 RNA(gRNA) R
Ak, nTLAG1S Cas9 RN A HARFER, 7T
VIS Z B g DR R g, X0 TARAEYI & ARk
i R LA E R A N A

4  VIGEEAR AP AL e Ji ]

VIGEF ARG T 9 8 4014 5 80 35 MICRISPR/
CastBUESAF A HS, AR LR DIREmF 5T MIEY el i
PAET RSB TR, ZE AR AL AR S HE A
R, A AT DLk S /MR SE R AL A, TR LR ST
MSLPR B A R A A A L. REVIGEH AR R
P B R BT, (BAESERR R FH FR AR I i 22 BR AR,
T — O AR

B, RN AR R R P )
AL A IE CRNAJE R A SR ALK A R, X oMJE
(7B AE 1 — e 1~2 Kb A2 AT, MELL 240 Cas9%5E K4y
FHEAMSEEIERFH]. 107 CRNAK R 2R AR 2
TIEUER, BENE YN CasOMIgRNA, SRIIXT 43T 5 8 K



1) B S S et RIS T SR At LU TRIME. HOUR, e
AR RE AR RCR WA T . R RS
HOMNERN G, HEEEHARIRE Tt &2 3 5
M, AT RAEARR L DR G 25504 AN [RIAFLA) et o o 2 1)
AR, WasZ R AR N SR, e,
AR I RCRA AL AN e PP e — TR 1 )
L ASFEAED YRR RS R 2 AR Z (R 32 P 22
5, S FEEURESCR NN, VIGER 5 | R,
Gnn] B v DR 20 i 1 o S T R e A MR R o A
T B R R,

AT R LR, FREAE T LRI R
SRR ESEIZIRE IR BECUR, TR BT R R
T, ¥R BB m gmEReE. AR EAEEN
SREETTUR, T HIAY S T A TR T R R Y
TR VIR SE A e AL B T R R AUR Y RE T
TR IER 25 U SCE R e 5, T &k i PERE
FERPRTEEUR RS, I, thERMERR RS R R
B2 R 8005 12 #0017 115400 K R i skl 88005 h 4
P ES00ZFPFHRTE, K R 55 2R AR M T A SR B2 7
PRI HYRTT 22 B /NI (18 5 R 2 e e 2 i e 14
AR T IR A AT, HrH H N Cas9fEE AR,
IR TR AR IR IR R T RIME. — BB /INRY (R A% PR T,
BN Cas®P O FI TopB S it 8 141 P 43 S A 8 FH i Cas9

(1300~1400 2 FE/R) A 1/2F11/3 K/, R B T 24 B ik
B FT IR K PRI TIGR-Tas%hi e 2 45 (19 Tas B 11521k
/MR CasOR MU 4y 22—, 3k SEHT R 4 28 1 DI g 1E 7
Bk, TS AR RE AR, AN, TR
BEREI, TR 2 s Ot s i g gt — 2P ek, )
B E RN ARG A DG BRI A 7287, BB 5 7E B
SRS B RERE ), e k.

5 g5

FEYR TN TR SR i B R 45 & TR R AR
CRISPR/Cas%iif R H, AL ) = 24
i, WEHRANEIL R R A, A S R D REAI S
AE R AR T e T R 2. BB R AR
AW R 56, PRI TR N g R
TEREP R AT AR B RN FH Hh & 48 ok i J 2 (1)
YEM. VIGER LUHF PG AN HIE R AR IR, R 1E
YIRS, TR RN gk . RS e
TehRIC G L R AR Ik 25 Dy T R =) R 7EHE
I AVIGER AR [FRE, i B2 fe ] gy ki A9
G, N, R ARAE IR T 8BRS, i
YIS A S RGERETERZ S, L, FERARTT &N
it fEh, T2 e MR AR HE, # R VIGE
N iy ICIESE S i
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Precisely mutating plant genomes and directionally improving plant traits to cultivate high-yield, high-quality, and stress-
resistant elite crop varieties are crucial for ensuring food security worldwide. The Clustered regularly interspaced short
palindromic repeat and their associated protein (CRISPR/Cas9)-based gene editing technology enables precise
modification of plant genomes, opening a new era of precision breeding in crops. During the process of genome
editing, it is a crucial step to efficiently deliver the CRISPR-Cas components into plant cells for gene editing. Currently, the
delivery of gene editing components commonly used in plants mainly relies on traditional methods such as Agrobacterium-
mediated transgenic technology and gene gun bombardment, and so on. However, bottlenecks such as transformation
difficulties, low regeneration efficiency, and genotype dependence are still difficult to overcome in most important crops.
In recent years, plant virus-based expression vectors have been widely used for exogenous gene expression and virus-
induced gene silencing (VIGS). By inserting editing component genes into plant viral vectors and taking advantage of the
efficient infection and expression capabilities of viruses, editing components can be rapidly delivered into plant cells to
achieve gene editing. Compared with conventional gene editing methods described above, virus-induced gene editing
(VIGE) eliminates the need for tedious processes such as genetic transformation and tissue regeneration. Currently, three
main classes of plant viruses have been widely developed into VIGE vectors. Positive-sense RNA (PSR) viruses are
relatively easy to be engineered into exogenous gene expression vectors. However, due to their small viral genomes, the
length of exogenous gene fragments they can carry is relatively short (1-2 kb). They are usually used to deliver gRNAs in
Cas-transgenic plants to induce gene editing. By contrast, negative-sense RNA (NSR) virus vectors are more complex and
difficult to develop. Nevertheless, their genomes are relatively large and the probability of recombination is low, enabling
them to stably express full editing toolboxes including Cas components and gRNAs. Therefore, NSR virus vectors are used
to transiently express all the CRISPR-Cas components and induce non-transgenic gene editing, which is a promising
strategy for obtaining DNA-free edited plants. Many DNA viruses can also be developed into virus mini-replicon only
maintaining viral replication factors, which can only cause gene editing in local infection leaves. The application of VIGE
technology significantly shortens breeding cycles, enhances breeding efficiency, avoids integration of foreign DNA to
reduce biosafety risks, and provides an important delivery tool for plant gene editing. Nonetheless, VIGE vectors are still
lacking for most monocot plants and non-model dicot plants. Besides, viral vectors for heritable and DNA-free genome
editing in crops are urgently needed for molecular breeding. Future studies will aim to explore viral resources for VIGE
development, enhance vector stability and safety, and expand the application scope of VIGE vectors.

gene editing, plant virus vectors, delivery vectors, CRISPR/Cas, precision breeding
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