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f1£5RNA(negative-stranded RNA, NSR)JFGFEALTE
JUE fEH NRAINEE, WIRTEHI T (Ebola virus,
EBOV). RGN #E(rabies virus, RV). A AI7EGHR
#(influenza A virus, FLUAV)FIZA#URFE(Rift Valley
fever virus, RVFV). X 555 85 1] BN A Y 3 10 K& 9
FMPET- R, R NSRBI Y0 A, TR
ERmyze stk NSRRI A ISRl A 724 &
SR FEYR R, W0 IE 3 ih BE 5% 7% 8 9% 7% (ortho-
tospoviruses) £ 4l 7% /& K 7% (tenuiviruses) AR
B (thabdoviruses), ‘B 1418 U™ 5 R AVEDIE F, X4
BRI 22 A R BT, NSRIEEE AT 4 23R
(Arto-, Borna-, Filo-, Lispi-, Mymona-, Nyami-, Para-
myxo-, Pneuma-, Rhabdo-, Sun-, Xinmo-, Arena-, Cruli-,
Fimo-, Hanta-, Leishbu-, Mypo-, Nairo-, Peribunya-,
Phasma-, Phenui-, Tospo-FlWupedeviridae), i 11 1~F A

TR R KR 7 16 Bt R T %

AT T it

M, R EF R

PSP IEZHRNA, B BEEH AL 5 1205000
i 2~8 4 Bk I ZRNAs, B4 Bt 4™

1 BRI R AR R e e

9o 15 I ) it AR 2A R R 02— N 2 K cDNA T fE K
RORTE T FIAEROR, RO E 2 2L K T g
KIRTFERE . Fek. Bah. e, RARZERCMECH L
il A5 B F Al A 2 ) JBLA R ] D Y S B EE RIR &R
[ 2 S B9 i I R ZERR T H.

RacaniellofIBaltimore” F 198 14E R e i Ty 37 T

SHYIERERNART R G K R, 2 Tt
PSR AR RAGHFAEIT. A B 4905 po-

liovirus) % I ZH RN A B c DN A A 4 18 2% ik 2 4
pBR322, FEUHFLS AN A T HA R Y
BE IR AR B, WESCIEAERNATR RN 2 K RNASHE YL AL
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WA T AR 1, T FE BRI AE AN
1. AhlquistZ A" 19844F L) 46 # 46 M5 2 (brome
mosaic virus, BMV)NWFFEXT 4, %501 F45RNASR
TR ELR, WEEES KR cDNARE, Jik
TTIRSNG SRR R ZZ PR T AR YEBMY, B2
ST S — Y IEBERNANG 57 1) S ) i AL 2R &

I30ZAELK, R iE2E R R AR5 T IR A R,
KSR T A AR R T E R BTk, A
XFIEAERNANG R, UEERNAN 82 Tist 5 1A E i
FEARXTER, FEIARERE: (1) TR e
FEHZHRNA(genomic RNA, gRNA)FIE #MaY s FE K 2H
RNA(antigenomic RNA, agRNA)BA Z4e1E; (2) 780K
BT U i sl 2 S O 5 0 EL AP R agRN ARSI I, 522
SR FERNAK HlHF(RNA dependent RNA polymerase,
RARp)INZ5; (3) fe/ MR YL BI04 45 9 7
gRNA. agRNAFIE HlAHCHIZLEN, BIEREZEA
& &K (ribonucleoprotein complex, RNPs); (4) 7TERTE &
R e I 5 GRIESE I 4IRNA - 5/ R3St X T
SIEHERRTE; (5) gt 2 HIERARp & H 73 F i
K, TEHMINFRIEEAL; (6) MEERNAMGHEEIIgRNAFI
agRNAMNBE EHHAE ImRNAVEATEIPE, UATA MR
RNAR G B FIRZA 8 S L FE R T A BeifF T &
AN ST R iR G T A AR 1 (7) XA B
TEERNAJG R UL, LIRS 2h 1 RIA R gRNA
aagRNAHL 2 — e "2,

XFT R EERNARG R UL, B S st R R
Sty B AR BRI LR [ e 2 R,
AR R AT LSS UE A ) &2 A RO B R R RIS 38U
SR B R A Skt . RN R R R,
A L PRz 1) 478 A B B 2 R A I A i 28 52 I AT
F R T R TER I, A S DA e R R R A A
TR AR B AT AT R s AR, TR AR
fili b, PRI T 2K AR Yk sE R A S st L R R,
A K HE A 2 c DN A PR ROR A5 HAT 16 ML 51 HER N AJ

—=[7,12~14]
B .

2 AHTIBEBERNARG R IS8 454k &

2.1 A TIB U HERN AR 1

HLor T 5ERNAYK B H (Mononegavirales) 5 % ¥,
B9 BATR FE R (Artoviridae) s I 409% B FH(Bor-
naviridae). 22K FEBH(Filoviridae). 2% FQMIM G 7B
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(Lispiviridae). ELIA HLA% i #ERN AN 2 FH(Mymonaviri-
dae). JE W KJHEERH( Nyamiviridae). % 2 FH(Para-
myxoviridae) il #EFH(Pneumaviridae). SR EER}
(Rhabdoviridae). FAJS%EERH Sunviridae) FH R+
i #EFH(Xinmoviridae).  HIEF AL 155 T EERNAL
B, ZIREE ARG AS . B S FIARAVE ) I3 AR
FUEE R fEE, I R ) s R R RO
TR ek T e LRI T, O T ST fAERNA
R I AT AR R, YR ZIRE A KRR G
PERYEZH B 1 BERNAR R, (HRABBCA PR ROk
BARKEYE TR, PN GO AW, IESHR
Y 1 B 7 8 TR R AR 1 AT L S B A
KA E. X — RS T A EERN ARG £ S 035t 1%
AR ZIWFFE RS, [RIA4E 7s TE RNAJH B S )35t
12 VR AR L TEBE RN A 27 1 HUAT SR g0,
TEAR 7% (vaccinia virus, VV) &G H, FIFHT7)E 30+
HIT7 RNAZRA R Ik KM 1 295 55 (vesicular
stomatitis virus, VSV N, B FINSHIE il lEL
PSR BT A VSV (defective interfering VSV, VSV-
IDY% #ERNA MY R e 42 1, 1M 4 L eDNA 3tk
IKVSV RS AT A R EEE FIN. NS, L. SR A
MR 1 G R S5 VS V-IDJ5 15 Wk 14 52 il . S i
255>, Pattnaik A" T19924F 83 T7J 2 79K )
FHERIVSV-ID RNAFISAM R FALE, miakis
TVSV-IDJiEE. #FVV T7 RNARGHERSE, Schnell
2 \ ML K95 B (rabies virus, RV)z 5 41 5 511475 5]
TR ST R, JEEH3 Rumal & T AU 50 2 (he-
patitis delta virus, HDV)#Jii(ribozyme, RZ)F51", 3
K4 KRV cDNAME A IApSAD L1655RV N. RFIL
HLYLBSRANM, HHMVVRIATT RNARGHE, T7
JRE TR B A4 KRV RNA, 5 IR T RVIZ
Yepk e eI i R cDNAH ARV IE
S HEIZHRNAJE S S SCHE i, 22 it Schnel 155
NPT 19944 I <7 45— AN B T BERN AT REF e
PETERE R It E AR A

HRVIZ Yt iR R 205, A — RS
AEERNARGREEE . | e =R &R, I +4a
HiRhabdoviruses fllParamyxoviruses#{ 7k, VSV,
JWRIZ IR 7 (measles  virus, MV). ZJEJK 7% (rinderpest
virus, RPV). il &% #E(sendai virus, SeV). AR
184 M%7 (human respiratory syncytial virus, hRSV)
A9 IR IR A ST B A HERN AT R S ) A 2 1



P A

R RIET R IE UL IRNA R FR MG, Ti—2ep)
2R TR T R S R P 2 RN AR T8 SR Wl T
PIFRK(SeV. EBOVHIAZEHI i /d #5344 (human para-
influenza virus type 3, hPIV3)™* % fH X Fhy gk
I BE RO AR AR

22 B TIB A HERN AR 1

FE YNSRI 5™ 5 UG AL SR FIARAED Y
N YR S XS Yy N DEZS) 1 1 A N
SR PIN SR B KR 238 0 1 S A B R A4, AT
DATE B NTE RIS 5E, N 1% 280 2 3 AT 5
s HBT B 1100 £ FliRhabdoviruses 7] LU YAt 4,
R LA 4R Y AB P AR v 52 ) A7 0 AN ) i 43R
Ja&, TEAH 5T N SR ) 20 B SR B & (Cyrorhabdo-
virus)FI A0 A2 N 5 0 A1 AZ SO G B B (Nucleor-
habdovirus)' >, I FERMEF S BIRFFE A TERTA
LR L, st ZAERAIRSS ), AR E RS S T
LIRSS AN 5 BENSRIG B B9 S 1] iR AE 22K R
MR HBHE Bl 1 122 7 1 B DX ) R R 2 A A= 12
[l BT
2.2.1 Nucleorhabdovirus J&_ ] 3 1% % K %

P20 4R LISK, AR YINSRIGTE S ) i A4 241K £
(k= — B 295 ) AN 53755 BENS R B FE Al A= ) 2
[A) B9 . 5 B 2 75 M 7 (sonchus yellow net virus,
SYNV)/ZJ& FNucleorhabdovirus iU R 5E, 7627 £ 41
Az A2 i, & FE N KA 7R 4348 Andrew Jackson
R A28 AR P2 SYNV B S X 4, &
SeR ST T B B AS 5315 BENSRYp iR 5L
K20 2 st ek & . TR 35S 3 F(RNAR S
BEIDIK B 7= A= SYNV I FE P 4HRNA, - 7 5 PR 21 R K iy
O3 IR S A% B (hammerhead, HH)MIHDV )&t
FE ARG H R EERNAF S, I 4 @ #57 DsRed Fl
re GFPH 7 JE DX (4 B (R SE DR 2 4 7 3R A, RS
N. 8 PN L% [l 45 TR il e R 4 m DA
TR G S 5%, I ma st JETmist
RIZH 2 AR R, A T0E— 2 & B0 75 52 1 r s 1) S ot i
SF A N3 i FE R P 51 LA NS PARITL AR X TR B Y
A Wl 5 SEAR T ), (R S A% B HIEDG HE SR D A1 5
AIENTTHY, IR FERNATUERIN$] F(viral suppres-
sors of RNA silencing, VSRs)P19. HcProfflybr] DA
AR L IR, FE T SYN VU S R 2 1 2R
LR, 28 1E AR P T 201 54 SOR D 7T

SYNV @K AZ Y va B S ml st (AR R, #EHFSYNV
R Y Rk AR pSYN VA 35S JH s F Ik s 7=
A K IISYNVIZFERZHRNA, Ff5N. PFILHIVSRs
HEA I R ek (K 1(a)), S Bm AR 2R X
YA M _E Y RS2, i b 0B AN PAI
LA, H =35 R IH AR — A2k kA F 4 44k
NPL, %&FIpSYNV. NPLAIVSRsI:FIERFRFSYNV
TRYL M FERE A ROR BB G N, A AR m R
L, HACRET &, B RIR AR B R Lk
P DR S PR RS YN VAR YL M re AR Y. Sy 1523
SREE AT AL, Z IR ESYNV &L K 4 rf () NFIP
JFHZ )48 AGFPHCE 3L, AT LUREESYNVAEAE Y 41
MRk rp Y. 2R &M, SYNVESY
L5 TR H sc4JESYN VS S A AT A, RS (G
SYNVIER kLA 5 s e 1.

VTAE SR, 2% TF MR RS2 4k S VR A B ST MR R T
SYNV JZ [ 38 f4 24 R 28 FLab B8 AW B 9E . T
SYNVIMRIREN AR, AFIHH 3 A #0575
JHUUCCUAUAGUCHY, o7 56 PR 21 4 5 5L Rl GF P
RFPZCFR B W & TV HI 7 5 H CCGGG
UUCHICCGGGUC. #t— &I AIHHFSI,
35SJa B B 3h AR RS OR S b e B 28 R IR 4
RNA, 5 ERF kit s, ik 7358580+
UK B 7= AN A B 2 2L RN A R LA R PR RS YNV
L RARYPE SRR SR S B SYNV R [ 38t %
2P ZR T AR SR W AN L R T RE A5y Tt s T —
RN, KT e A - KA AT o AT B i
ERENR— VL P S, IR T SYNVRY IR
FIM AT DL &k B HE R 0, 357 TIF R B sh & A
(movement protein, MP)XJBEAYAEYI AN 5315 BEINSRIA £
RIE AR R, KT Y FRIRE FEMP R Sl L
] LS I SERN AR 22 1R 3+,

2.2.2  Cytorhabdovirus & If] i 4 & %

KAz 5 25 )5 AL B (barley yellow striate mosaic
virus, BYSMV)J& T CytorhabdovirusH it il 51 2 —, 1%
SRR TE 27 AN MR P R SR AR, R AR R
TREFEAMEALRE, LR Y2 6F R ARHEY), ™
AIARAED P R R 04T o AR 2 T ik R
USRS SYN VI N, T20194E ¥ I TEAEY)
£ S5 SR B 1) S ) 5 A 2 PR R A5 T AR T S,
S T BY SM VAU BE PR 21 il 4 K AR e bk v P A4
. AR 35S 3 FIK8h = A BY SMV i JE R 4]
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Figure 1 Reverse genetics system for the nonsegmented and segmented plant negative-strand RNA viruses. Schematic diagram of the reverse genetics
system of sonchus yellow net virus (a), barley yellow striate mosaic virus (b), tomato spotted wilt virus (c) and rose rosette virus (d), respectively

RNA, 7ENFIPOLE 5> 546 A 53 F GFPFIRFP, 73
DRI 2H 5 F03 A S 43 R 42 35S JE B 1 S A% BFHD V
RZ, WINFEE T R B ORI 3 R 2 4R 15 3k, IS5 AGE
N. BHEAP. EHIEFLA3VSRs(P19. HcProfllyb)
FEAS FIRT By P ek, PRI PRI AL mT LA T 52 ) S5
ek, I Ma st FEBYSMVIEFAL)
NAHIP a4 AR S JEIRFP, 815 7 35Sk 3 79K 3)
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FEHEBYSMV 2K i 5 [F 2L RN A ) 3k 2K (E 1(b)),
TEN. P. LAI3ANVSRSTEAS [CHA h 5838 5 Al LU= 4k
e B T A R BE ORI P T R £
RFPZN, FEBIAAHYIA A BY SMV AT L A cDNA
g SRR,

PEEAIBY SMV Q] SEERAE [ SR 77 3 K A2 iy
S AE 2E AR R IE R TR 2R L E kS



P A

PR E— A0 R GRS ST e R o 1% — M
ML TR IR CEURRE A A A [
I, LR R I T —Fp AR R T 0 vk, AR [
PERIBY SMV AL B BEIR ER 2% wh itk 72 o WS, fihi
HHEBYSMV/G BAES KCE, F 8RR K ARG
TRV SRR KE, 10 df5 0T LA 2K KRR
RFPZEN:, 455 RIAPRRAIBYSMV AT LLZEA AR B HUK
TREVAR PG . R 0 K A F (R
(IRZZNT, KIIRRIBY SMV AT L e K 401,
4 L IRFPUL ] ATE R A h ik ™, izl
PN, T AEAR - K K- K2 -FREF I
BYSMV &K LKz it fe2# R R, haf EAEY-h
B R R = BAERRSRERAE T R A 1 TR
TH.

W5 R, BY SMV4A K KK 2H ] LA [ i 48
HGFP. RFPHICFP = A [a] i (o 1) i 45 3 N FE A )
MR B AL, S0P T IR RN Y £
Frid. 4 GUSHIRFP[HHF 4 ABYSMV 4K L K 41 1,
TEWTT AN« K FE RN K RGAZ Y FIAR 2
ik, MG RASRI AL Y ) R ek 2R it T — %
IR E S TRER R, LIRS &I, BYSMVA]
LA ARFP. Cas9FIsgRNA % Sy Jik ] Zi i 28047,
AT LA RE IR 16c AR FARI I 40 i P A GFPIE R AT T
At BT, BYSMV R [ 2K 2, 7640 N
AT AR ek 2 et N, ] ARGA REH
Cas9, W R B 7 B AR AL R e 45y Thr #1214
BRI F4r 1 T H.

3 TIBEOUBERNAY 1 IR A A R

3.1 s VB T HERN ARG 7

YR EE H (Arenavirale). i JE Wi # H (Bunya-
virale) 1 1F 9% 7% H (Orthomyxovirale) & 3= 2 %) 4317 Bt
FEERN AR 2, HrP Bunyavirale)p 8 J&—Fh LAY
(=B URERN AR R, JEALAHERNA-S, -M
5L, RAR XS GRS, LoiEgRNAm agR-
NA R HEA T H R s, e sl i — PP REA Y
YT e | R AR SE A, EL R 45
1 F DR 2 ) S 1) R A G . AR AN A
BeABERNAWGHE, 40717 BERBERNAJG BRI S )35 %27
PR BAPAIE. Elliottsiat %W i L~y T 1M
JE NV B Py s i R I DR 21 2 [l i AR AR R, AT TR AE

A JE Wk 7 BHOrthobunyovirus) it 453 J& V. 55 F7 ik 75 (Bu-
nyamwera virus, BUNV)SHaEIL R4 & TT7R 30+
TR, TR P C AT R e SHE PR 21 2 1) s (1A% 4K
FEN, JH RSN SR R KR BERNARL YL O 48 RIASHIL
LA A RN, Db e S e 18 A0 i A 3]
CATIGME; HE—2% 5 5 & il i 5 H 5 R
B, 750 & HilEER AR p A A TSN T (1 38 PR 2 1)
SRR Lopez2 NI FHAG i A w4
T7 RNAREG RGN TO10FE T s KN CATH
RVFEV SHEEHAISENA, &I H) 2 HIEERdRp A
SR A AZ A TN T8 il 5 575 SO F5 1, TINSs U
R, BridgenFlIENiott5 NP2k — 44 T7 R 3
TR Bl (1 31 45 JL X GF P S 780 ik DR 20 28 1k fds
PPN, IF RS IATEA I N A TT RNAR S
it SF L B G T (OB SE R 2 RN AR 3 57, TSy 1 Jo
REAVR A TR SE DR 4] S 1) it A 2R R . R D) i
(Oropouche virus, OROV)J&ifTF KM IH-FE A
P MRt FEERAEEOREIR A A e WK EE, ElliottifH
PRI FIT7 8 S 7% R DA 7. T MR R PR 2 2 o s
=N

RNAZR A FI(Pol 13K 8h BFE 5% 7=, 5"l A e T
ZEFT 3 U A poly(A) B L, PRI iX RS AU 1 )5 3+
Bk FH I AA S 1 895 5 B L L I 2 K9 B (Uukuniemi
virus, UUK V) BRI E R 20 7 ] is G2 2R R 3k
IR C AT GFPHi A £ #: ML K 2 5 F13 AR ity [X 22 7],
PG ARIEA AN, EHIERARp FIAE L5
FINSsI AR AT LA E ek i 36 4, sl 5 Adi A
ORI AR K A 55, % SIS PO TN FIRdRp AL
EIVER, i — R R BANSs A 27 157 Flick
2 NPSF POl 10 5 FELK I - W 58 1 1t P95 25 (Crim-
ean-Congo hemorrhagic fever virus, CCHFV)f¥SHE[H 2H
PEAT I [ A 2 4R S R SR R, 2 e B A R R
HHT E AT R S GFPE CAT Y R IA.

Elliottif i 20 T 19964 H S i S e <7 1 1 Je
WA EE 2K cDNAR R it 2R R, il T7)5 30
TIR B FESER)3 5L A RN A R AL Ye qu i,
VVIREEIARILTT7 RNARAHEE, FFn A
FIRMEEIAHE L AL ATEN, & I BFRARp FLKE 2
Gn/Ge, JEIFERR T A R Y EME R A e I H Hrin .
ElliottS2 865 It — B X — 1R 2, 7R R N 2E K
RIFRIKTT RNAR A, K INAE R BRI TTR A BT,
i T 75 ZERARp NS, i 0 58 A Gn/GefFAERT A
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ATV TG PR R R R, A A R R 54N
KL, L2 RIS B BOR R IANFIRARp, HEKiK3 %
e R (%) SRt ] AR S SE B 7 A PE KL, Blakqori s
Weber™ T Elliott B 55 241 Ak i 1A 206 5] — ARk 1
$i 75 B Wik #E(La Crosse virus, LACV)INSEE TR 25
PIPRERL, &I Y34 ok R AT SC R 2 R 4y, (H
SEAHADRGFE AR, 50 B 0 74 7 A L il 5 I A
Bl ORI 2 30 i A R Je i M s AR 2R
S, Ikegami%k[éo]Xﬂ'RVFVﬁg%{i%éﬂiﬁﬁ’/ﬁT
PR, & BTG MA I 5 i () 2 AN R A 1, HE
FEIENSs MM I E MR 742 OgawaE AU
HIPol U 3l f4¢ £ % IE A Je W25 #5 R4 BT - BE 25
(Akabane virus, AKAV)FHAT T PE%, EKkPol Dg3hF
TEMIAZ N7 AERNA,  AEJE X5 T 4H A 5T 52 il 4 A
Je W Hm i RRERAE].  TMiBillecocq A1 FIPol
Ut 217 1) S Mg X RVFV 44 3k P 4 B2 S 30 T 4R 8,
R INFIRARpXS T WA 1 T AR 12 7 1, T b
GG AR LT 1. & A /RIS 2R B AR
T (severe fever with thrombocytopenia syndrome virus,
SFTSV)J&—Fh20094F 76 i [ #5516 Hh B A 7 B it e f%
A5 Je 5. ElliotfllAl i FAT7) 8h -t s r
TN HAER A TR R, JEIHT TeK
PR Y PR

TE s 25 R Y FRL I SRS 7 A 8 2 A B BRI 4
RNAs. NeumannZ A*“HiPol Ui 8T 3K 5h8 4 Ik K 4
RNAs/™ 4, 5Pol 1 FIKEhHKIXEATENP Kl
MiifPA . PB1HIPB2 Y Bk 5E YL 40 i il 4R e 1A T
PR EE. S [RIRHY S A7 6 55 T BE L NI RNAS Y R
R FEIHFE(Thogoto virus, THOV)W(# FHPol 13 3+ 3K
e 64 FLN4IRNAs, & 59k 8 4w i 5K FINP .
PA. PBl. PB2. MAIGPILFL YL, 8 it 124~ Fke
T[] — > 40 g 9 A T S8 3 1 A3 A 0 e 7 Y PR
ST VbR s TR A VA O 400 e ok £ M B JEE 46 0
(lymphocytic choriomeningitis virus, LCMV)j& 7Bt
TUEE U RNAJR R, A5 SHILFIZFE R 4IRNA. Flatz
2z NTFIPol I3RS HILIEHZIRNAs K, HPol 1143
Bl 5K B0 (1) e/ N R AR YL 41 53 AR SE NP AL A | B L 3
SR AR N, BLIPREL T AT TR, L EHEST T Pol
I-Pol 11XV 3 F49K 3 i \eDNA FR R KL 67 4 RN A 77
SN 5 A 2R 2R 1 BRI

BEEA, W eEsr T B EERNARS 1 1Y [ 1]
WA R RS R) TR LR, xR EHl st
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AR B I 5 B MU A R P T A 2 S X
FEHIPIFITRE THREAE. 5350, TR a4 Er |
NHERE B GAEN KR ITLE IR ACF T IR i 2
TEVRIN BT I IR S AR, 330 T AL AN 731 7K
BT AR S Feor . AT MEBUR Y
THLHIE L T ERTTRR. X285 ) g4 R R AL,
FWFFEN FARME T RE AT I BB R 5 T AR
FBt, [RIF S Se R 22 1 K Rt o T B AR R Y 7
Sy B B P AR A s T T,

3.2 M VB BERN A
3.2.1 Orthotospovirus 5[] i 1£ £ 1K %

R Ins AL 2R R AE S 0 B U BERNATR B O 48
BUS T 280, (HSEFEA o) B A RN AJG 75 7 T —
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Negative-strand RNA (NSR) viruses contain not only medical important animal pathogens but also agricultural important
plant pathogens. These NSR viruses cause deadliest diseases in humans, livestocks and agronomic crops and pose great
threat to the health of human being and food security worldwide. The virus reverse genetics system is an important
molecular genetic technology to study viral gene functions in virus infection cycle, disease pathology and virus-host
interactions. For animal-infecting NSR viruses, the reverse genetics system has been established for more than twenty
years. In contrast to the well-established reverse genetics systems for animal-infecting NSR viruses, establishment of such
system for the plant-infecting NSR viruses turned out to be an extremely challenge work. Many research groups throughout
the world have tried to use the similar strategies used for animal NSR viruses to establish reverse genetics systems for
plant-infecting NSR viruses in the last twenty years but none of groups have succeeded. The absence of the reverse genetics
system posed a major obstacle to molecular genetic manipulation and subsequent investigation of gene function and disease
pathology for plant-infecting NSR viruses. Recently, big breakthroughs have been made in the establishment of the reverse
genetics systems for plant NSR viruses by scientists from China and America, respectively. The systems were recently
established for both nonsegmented and segmented plant NSR viruses. The reverse genetics system for a nonsegmented
plant NSR virus was firstly developed for sonchus yellow net virus (SYNV), a non segmented nucleorhabdovirus NSR.
Using the similar strategies as SYNV, barley yellow striate mosaic virus (BYSMV), a nonsegmented cytorhabdovirus NSR,
was then succeeded in the establishment of reverse genetics system. The first reverse genetics system for a segmented plant
NSR virus was developed using tomato spotted wilt virus (TSWV), a tospovirus with tripartite negative-stranded/
ambisense RNA genomes. The reverse genetics system was also recently developed for rose rosette virus (RRV), an
emaravirus with seven negative-sense mono-cistronic RNA genomes. The establishment of the reverse genetics system for
plant NSR viruses typically involves two steps. The first step requires the construction of a mini-genome replication
system. The viral genomic or antigenomic RNA was flanked by hammerhead and ribozyme to generate exact viral 5" and 3’
end, and driven by 35S promoter. The mini-replicon construct was co-expressed with the constructs expressing
nucleocapsid (N) protein, phosphoprotein (P; essential for rhabdovirus) and viral RNA-dependent RNA polymerase
(RdRp). For the segmented plant NSR viruses such as TSWV, codon optimization and removal of intron-splicing sites of
RdRp sequence are critical for the expression of a functional RdRp from 35S-driven constructs in planta. The second step
involves the rescue of virus entirely from full-length infectious cDNA clones in plant. The recombinant virus can carry
green fluorescence protein (GFP) gene reporter and infect Nicotiana benthamiana plant systemically. The establishment of
reverse genetics for different plant-infecting NSR viruses now provided powerful systems to investigate all aspects of virus
infection cycle and disease pathology. The recent breakthroughs of reverse genetics systems have opened a new era for the
investigation of plant-infecting NSR viruses in the future.

plant negative-strand RNA virus, reverse genetics system, virus infectious clone, virus rescue
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