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MEINIEmE A BSHERTBRREFHMRL

B fRARE REBE HART TaEk FRAAC
(PRI RA A AR BT 92805, L3 100193)

WE  UPHESRIEHR R A P E S EY(Tobacco necrosis virus A Chinese isolate, TNV-A)Z 44 cDNA Tl b Faail, 18 3 A
B, FEDHE RIS A ER AT Z AL TNV-AS, L8 T AMESE R 5 BOAd AT B L 1 AN JE 3 B R P 55 95 BE X TNV-AC
S RTER IS, AMESLR F BUEs e CP 5K 19~ 828 nt [ 4 TNV-AC 322k TIEA LM I RE R a0 T, WAGE
1 ROF RN R R R W PTER, UL RIS RSE A T TNV-AS. ] CP JE K21 L5381 UAG BT A AR A B
Ji, TNV-AC AT, BEGE AL S T UAG Z 5, HARGINE R B ELA R 120 nt. 44MNE A BELUR W A
RN UAG ZJa, 3 FIEFEDIERMRCR B . By (05 770 4 25 R WL D Bk R s R LR N B i AR
PE, RIR(18°C )44 N2 NoPDS BRI PUER I 3023 B B T il Q4°C )4, HUTBRR BYWRFSE 110 KU E. BRT A
PDS 2K, TNV-AC JUBRBARIE 0] G AEJH sulfur 2K Su FIEE T 24T H WIFE R ChiH RADIER, UL g Riiw,

TNV-AC BA TR N A E RS R D) BE %€ 1B VIGS AR .

EBEIR  MEEMIERT A, RS SRV, KL
FRNES Q93946

i B i S I R UT BR (virus-induced gene
silencing, VIGS) & T4 K A e R I — M Pod % 7
FPIHE R D RE ) S it T H, JORPR, #50
H EBE B D stz Jmd Ja . BT A5
5 S AH DR AL ) P SRR DR R AR DUER . T AR 3
R A S04 H R D B2, 6T RNA 3R
JRERI) VIGS £, FEARZRAGEE N 2K E T,
WA EST P41 5k 56 X J Be sl ¢cDNA
SCEERI RIS E H AR I D Re.  thAh, @i VIGS
FORPTAEEUE 2 AR N R () 2 8, o f it
R IL B RNAL SR PR, H AT, VIGS B
HAR A, RACRHS G R 945 6 Z0R Y &
GrEYI R DhRe A 29 i A5 21 T T 12 N

P VIGS #7456 T4 B 4 0 2 1 4R A i
PE, HHET, R IR Bt A5 BE L R 41
IEEA 32 AT SEPIAE RN SE RNV, XTI A
B R EE (1) VIGS B0, T8 5K d kR 4l
HEREA &SR O, B EE g A 1)
RNA JUERF T 7~ 4 e AU e DR, 49 8 48 1) 2 A
AGE AR T, IF HA S AN RESE Wi
BEE A AR N B RGO 1 i AVE R
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ANFEM R RE A R A IS O T, AN R
W) BE R B A N B R 2 AN JF I 152 HE (open
reading frame, ORF)Z[A], BYE B T 5 (1) 55 [
2l (subgenome) Ji 11~ 2 J510. TR R AL AH XA N
) A2 DNA 731, WA LK H i Boddi A g4~
S LA DNA 4 f-2 )i,

VIGS # A SR N Beddi A7 A I
Ffd A KIaddi A % [n) 5 (inverted repeats, IR)
i N SR 45 44 (hairpin) 4 N SEE . g L,
FAKSEACY 23 nt A )7 BUR VIGS 845
T H LR T BR0, AR SERR N b, 38 T 2
R H K A B, Lacomme 55172003
) [ M H AL 958 55 (Tobacco mosaic virus, TMV)#
RN T AR NE A B, R T 35BS
BRI AR, a5 R Bor, KA 40 nt

* [EH R [ AR BHFIE G Bh I H (30325001), [E 5 5 S 3L R 9T K 8 i
X1(973) % Bh 3t H (2006CB101903).
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10 Js2 v T A 45 A6 W] DL SE A RO A i ER, L H AR
mRNA FH 2 5 A1 J0BR T 5 1R B AIG e 52 LA
SR G5 R )4 AT IE i 4 N\ SR W 92> 65% LA
b R TE # 5\ AL MR B (Turnip yellow mosaic
virus, TYMV)TERLRITF EROREGCR ], HREK
JE2 38 nt [f) AtPDS B M BELL 1) 580 sH A
TYMV &k, 5n 3805 3 5 DT ERM.

ARV R BE AT, AR R AR Y e )
RIS, S R U RS0 51
BEgAr sy, SRS RMDIBR AR E. 17
I (18°C ~22CHSAMF T, RUE R —Hi AL 4t
J#5 5 (Cotton leaf crumple virus, CLCrV){ERR AL A& P
(R B L i (26°C ~30°C )41 R 10 i e 4q
PR HRAL ChIT FERIAT PDS FE DR PTER R 280 SR AR B (2
e T il 4 A e,

TNV-AC &0 53K 3 95 B8 A (Tobacco necrosis
virus A> TNV-AYR LK (Glycine max) 11— 8k
%, BT MNIEW B BH Tombusviridae )Y AL 30 B
J&(Necrovirus), N THFIEAF F A2 4% 8 B} 29 Ff
Y, GEIRZ A JRERTE, REUR YR T AA A
INf, AR B R IR ZEBEOT. N Rk AR FAR LY
28 nm, ALY ss(+)RNA, HEKIZH KN A 3 682 nt.
FEDIA 5 vt 23 ku B, FLEE B IR L
AP AN 82 ku A, A4 B 7 1) B2 IR )
AT 41 TP 5 Y ORF2 F1 ORF3 43 il 4 i 8 ku
e ku /hEH, SHERRAEIIHEG, HH

4 3 % 4 i 30 ku A1 5% 8 [ (coat protein, CP)IS ™)
(K 1a).

AHEFELL TNV-AC 12 Je Pk cDNA b [ o B4l
T ok 35 PRI R S R4 NSRS o R T 2 Rt T
TNV-AC [¥] VIGS #fdk, dEifi b T 9 fh skng 7 5
A P IEFEE R UER M RE S, b T AN RDE S Ak
P BOW FE R UER AR 5, WA T TNV-AC 75
A A PRSE DRI CER (R E S, RIS AN
BAE A EH 2 G il AR P AR e M A DU B R Y R R
S [RIHEAT T 40 #T.

1 MR57E

1.1 EF A KRS
ALEWH (Nicotiana benthamiana)EHR = B W G #

ANTLAMEE, 14h G /10 h B, 18C T Ek
24°C MK,

1.2 BB

KW ¥ Wi (Escherichia coli) ¥ ¥k DH50 F1AR FF
P (A grobacterium tumefaciens) W & EHA105 HH A 5K
= RATF. WL AR pCassd-RzPY 5 [ i M K 2
Berkeley 73 #% Andrew Jackson #{{5% 2.
1.3 TNV-AC EEHFHHRIKEE

B 1 TNV-AC H 2 13 B A @t 35 BL T7
JA 1 9K 8 N TNV-AC {112 4 £ cDNA g [%
pMTC27M 4 #ikk , it & PCR 5% [1] PCR [
TR SRAF(E 1a). 35S A3 T-9REN T A B

@ 17 pro [P8] P30(CP)__]
| P32 | [Pe] A

pMTC-27(wt) 110
pTACI8-NbPDSgy — |
pTAC18-GmCHSsp — ]
pTAC18-GmCHSg — !

(W]

LB 2X358 [p8] [P30Cm ] ﬁ.d%

P23 | P82
pCAC-NbPDSrss 116
pCAC-NbPDS3aas (=<
PCAC-NBPDS x5 [=l<=]
pCAC-NBPDS im0
pCAC-NbPDSg,
pCAC-NbPDSgy

Fig. 1 Construction of TNV-A“based gene silencing vectors
(a) Different lengths of PDS and GmCHS fragments derived from V. benthamiana and Glycine max, respectively, were fused immediately downstream of
the CP OREF that only kept the 18 nt at its 5’ end. (b) Inverted-repeats of PDS fragments (2x36 nt) were inserted at different positions around the stop
codon (UAG) of CP ORF. Furthermore, longer PDS fragments were inserted immediately behind the UAG stop codon with a pattern of inverted repeats

or in sense orientation to analyze the length of heterologous fragments that TNV-A€ could tolerate.
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TS BRI IR AT B & A AR BL TNV-AC 2K
cDNA 3¢ [% 42 Xt A4k pCassd-Rz(& 1b), i
B AN A BTN XA 28 DNA I3 56 0E .

AW G T A A P S DR 2 A 3 B, 43
e AT 4 % i AU B (phytoene desaturase, PDS)
JE A (GenBank % 3% 5 : AJ571700)21, sulfur 3 A
Su(GenBank ¥ 3% 5. AJ571699) 21L& 12 5 i
H W HEIEK ChiH(GenBank 3¢5 : AF014052)%,
1.4 =4 TNV-AC R cDNA TRERIRIME R
51

PLZ) 0.1~ 0.2 pg & Sma 1 &AL IR DNA
MR, H T7 RNA R 4h 534070 & (Promega 2
AT 37°C RV 1.5 he KGR e sk ) 5 S5 AR R
2 xGKP 2% b ¥ (50 mmol/L H % %, 30 mmol/L
K,HPO, (pH 9.2), 1% 1, 1%fEHE 1)RA, LK
JEE R P A A S s,

1.5 R EEHEM agroinfiltration) A4 1

W 20 TORL 22 R RS A R AT B S 29, Pk
BV 3D 3] 50 ml V4K LB 85 9% 55 (& 100 mg/L
F#EF, 100 mg/L RAB%& 2, 10 mmol/L MES,
20 pmol/L As)"' T~ 28 C LI IR A A o 125 1.0~
2.0, 2218 g B0 10 min WA R K, HHEE
2% (A 10 mmol/L MgCl,, 10 mmol/L MES,
100 pmol/L As)&¥F WAKTIVE, THERE Ao 2 0.8
~1.0, W 1 ml JoEF Sk a8 i Rl e A
3 AR A I
1.6 RT-PCR #A Western blotting #&i|

O S IR AR bR I S RNA, 22 DNase |
AP, BXZ) 3 pg &2 RNA T RT-PCR &0, it
F S IYIAL T TNV-AC CP & [A 28 11 % 15 1 (1 i 32,
DA D7 A PR &5 DT B A R 2 5 2 DR 4 v )
faetE, ST E 5 5" ATTGAACCAATC-
AACCCAACAATG 3" (X} F TNV-AC [F] 3410~
3433 nt)fl 5* GGGGTGGGGCAAAAGCCCCTCA 3’
(5 TNV-AC ] 3661~ 3682 nt % [i] B %).

IRl S I AR A AL 0.5 g WA T
& S5 N 300 wl # E B B 92 # i (40 mmol/L
Tris-HCI (pH 6.8), 10% ¥, 2% SDS, 5% B- %i
B OWE, 01% WMy ). B EWE 20 wl £ 12.5%
SDS-PAGE 4} B§Ji, WHB RHRA M . —
PURH TNV-AC F St P, — PR FHmt:wk i
FEARIC I A B FI(AP-A, 0.5 g/L, Sigma A #),

45 NBT(330 mg/L)A1 BCIP(165 mg/L)JEE 4 i) 2% it
W (100 mmol/L  Tris-HCI, pH 9.5, 100 mmol/L
NaCl) & .
1.7 siRNA A9 Northern blotting #& i

siRNA Northern blotting Z 2% SC#R[25] i LAt
B, B 0.2~0.5 g P BT A T RS, A
1.3 ml Trizol(Invitrogen 7~ ] ) J5 B & 41 L FIAE i 78
IIRA, KFEME S 2 ml Eppendorf & 7, A
500 pl S0 / S REEEE 2 U B R RS 2K
FHEFT R OE T, FEIMASEARR R AR, RS
FIKE 10 min, 4T F 12000 g &0 10 min JLHE
RNA, & 75%LBEUe)n, TEIFREM. RNA &
15% 58 TR 046 TR e B e (5 7 mol/L JR Z2) 2> ) Al
H Bio-Rad - #% i 6 &, # B & g v il
(Hybond N) b, H4 A4 S5 55 tH 18 JSURH PR A 1R A
A PDS mRNA J BL(855~ 1264 nt) 4Tk 1 7K fig 1f
HHR%ER, HET Northern blotting £33l

2 FHRE5SH

2.1 BRBHESREHGIZERTE

HAT, B4 VIGS B A2 B AN 5 W £
12 G S P T A H8ie A ) P 05 AT B e,
TNV-AC [(FE N2 245 3 682 nt, FERHES+ 40 %
(K 1a), Ay f KR FERRAGAE A SRR BORHR
BERAIE PRI RE I, (RIS ORER TR 5L 2] RNA —
P AEFIIAHN R E , AT S22 S M AL DA
B e TNV-AC Sh52 4 1. L TNV-AC 12 4 1%
cDNA be[% pMTC27 A B, K JE 5710 790,
478 nt 1K G B K W& 5L K (GmCHS) v BERA 2
409 nt [ A A4 PDS 2 K (NbPDS) v Bt 73 5l 5
CP L[5 f#] 19~ 828 nt [X 35 ( HL {7 ¥ CP JEIA 573
18 nt ML LGS T UAG), 3k 3 B4l a4
pTAC18-GmCHSgy pTAC18-GmCHSgz F1 pTACI1S-
NbPDS(&l 1a).

¥ 3 Bl B LI ER AR RN S o0 ol B b AR
AN, 3 G, BPAR R R B T SR
RGIASEIEAR, 10 3 Bl EE AL 8576 B A7 44 H L
SRDRERORT A S8 1 P R R R AR AR R
7RV RNA, L CP LR B3 13 7 514 51
Y, RT-PCR K4 A IR AR SE DA 1) e 4 vk, 25 3%
* W, ¥ P pTACI8-GmCHSyy F1 pTACIS-
NbPD S 1 747184 J BER /N5 TUHAHSE, A
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pTACI8-GmCHSg (11 Fr R H IR 454 4b, 84T 3
AR At (B 2), BEIANEEEIN g BUAEAE i 0 25
RIIBLE. AE LA ] RT-PCR B ARG 21 21
W LS RV, fEfRE CP AL 5755 18 nt
M4 E T, TNV-AC SN D R B BE 7 ok
500 nt fiAy, P SMITAE D B B AL 5 BLAR AT
FERLRP B AT A, (HR R T REEENRED)
BEMTAREAT RO FA AN P (I PCER, AR
% e CP Ak DA 3 s 4 3 VIGS 3 iR A 3E 5 T
TNV-AC.

Mock TNV-AS(wt) Marker S478  S409 S790

831 bp—

Fig. 2 Detection of CP-replacement virus
by RT-PCR in N. benthamiana

22 AEFERIMER BRI TNV-ACESERITE
pp=A)

TNV-AC LRI KA 3 682 nt, H4gih 5 Fp
WO, RE AT RA 2R EYE TR, RN
P4t VIGS ZLORUE S FE R IE AT D) R, 7EAIIA
%A~ ORF MMSOLE, (i NSNS Fr B A7 B A7
PR 3 R RS X R 240 nt, XN EEAFAE
ZFh 5K 3" % RNA-RNA AHELAE R, PR 6 e X
WU TR v e g e s IR ), H
FILLFBRGIRZE, Wi AL SR PEAEFELT CP &L
BT, R R RN R R R EE A AN 2 Bl
i, ¥ KEh 192 nt F1 304 nt [£) NoPDS H: K]
R BLUE BN RIEL, KK ER 72 nt(2x36 nt)Fl
120 nt(2x60 nt)*) NoPDS F:K v B UL 1n) B & 1) B
5 di N TNV-AC IR AT B 9 8048 pCXB-AC
H1) CP JER 2 1 L% T UAG Z 5, k{3 4 il
41 i kL pCAC-NbPDSge. pCAC-NbPDSg
pPCAC-NbPDSyagrss A1 pPCAC-NbPDS s reo Kl 1D).

W b 3 2 TR AN A 7R 5 2 K pCXB-AC
O AL AR AT B EHAL05, 25 LU 5 2 fh A B

M, B4l 10 Bk 2 B S, K AT S pCAC-
NbPDS s FIAS AL JEAE A BT A2 it 3 ] DL £
AR, 3 )G, 4 pCAC-NbPDS 6 re TH
PRI A TR B (I R . 4 )85, S
PCAC-NbPDSg, 18T A A7 6 A H 0 58 ol 11 V2
FIX 3, V5 pCAC-NbPDSgy, AN M0 10% 1) 57
AR FARILS, BRI S pCAC-NBPDSyac s
H1 pCAC-NOPDS im0 HIAS A MHAE B A0y B33
PUKTRNE A RAY, I LB R e 3 78
WA LAY BB A 2 B, M, W
PCAC-NbPDSyrss FIFERE AR 2 T 58— 2E( 5] 3).
Northern blotting £ Il £] T NbPDS F 5 1k siRNA,
LR AR B R A & (] 3). DL B4R
B, TNV-AC {E 2 VIGS % & 1] i & A A 00 A 5
NbPDS FERIFpc Bk, H s 1n) 35 53 25 015 5 3L R e
BRI T .

23 MBEEERBEBAMLEX TNV-ACIFESHE
FSppEaNERpA!

ARSI = [ AT A SRR W], TNV-AC CP 1)
B HE AR Y bR I BE R T g5 M T 7, Uk
DX Sl N K AMIE R B B4 24T B DR
B AR G R, AR IR S ) A TR X AN B
ATAFG) R0 SR IR b, ARS8 CP M
1LY 7 UAG, # — 0 LR 3 B4l A AL B R
TNV-AC F5F (1RGP, B2 h 75 UAG
Z W0 1) BN 72 nt(pCAC-NBPDSssunc)~ £E
UAG ) 5 ] % 4 A 36 nt (pCAC-NbPDS;qux636) Al
UAG 2 J& ] i 2 3H AN 72 nt(pCAC-NbPDS yx61rs)
(B 10). K bl 2R3 A AR AT B I 20 e 9 A A=
MH, FEYL 10 #k. 4 )5, S NOPDSgseunc
NBPDSsguaaus [ A A M- SUAT 35 3387 28 i 1 H IS 1
BEAT, FTSS0 NbPDS FE R DT BR85S {1
T NbPDSysc s il 4a). L CP i[RI 26 11 2608 7 [l
REH 51 T RT-PCR K0, 4R EBoR, 78K
AEDCERI) EAL I b, pCAC-NBPDS g uag 157 1
ANIEEER  BE O &R AE F R, 1 pCAC-NbPDS sqacs
N pCAC-NbPDSy6rs6 e AR FE R B B RE 8 F
SEAFAE(E] 4b). X e Ui a, 4L TNV-AC CP
LB UAG 5 2 4l AN AN R B 3d B A
MG ARG SR A SMIERE F BL e = 3is 5 H I
FEPUER.
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(a) UAG-IR36 UAG-IR60 5192

TNV-AS(wt)

b .
® Mock TNV-AS(wt) S192 S304  UAG-IR36 UAG-IR60

-
-—

Fig. 3 Insertion of heterologous fragments immediately behind the UAG stop condon
of CP ORF could induce PDS silencing in N. benthamiana
(a) Silencing phenotypes of N. benthamiana that agro-infiltrated with different chimeric TNV-AC. (b) Molecular detection of the PDS-specific siRNA in
N. benthamiana after being agro-infiltrated with TNV-A%based NbPDS gene silencing vectors.

(@) IR36-UAG 36UAG36 UAG-IR36 TNV-A4(wt)

(b) M TNV-ASwt) IR36-UAG 36UAG36 UAG-IR36 Mock

Fig. 4 The effects of position of insertion fragments on gene silencing
(a) Silencing phenotypes induced by TNV-AS-based VIGS vectors. (b) RT-PCR detection of the stability of chimeric TNV-AC when inserting the PDSyz
at different positions around the UAG stop codon of CP ORF.

24 EMEMIEFEEN TNV-ACESERTE  CRYIBINE. Uk TNV-AC 7S AN A YL
RIS DUBRI A, T8I SEI L T M EA [ 15 97

ARG FRTWIDT TR Y], TNV-ACZRAAN RS N (18°C F1 24°C ) A S R RITER k% . %
W N 18°C ~26°C, WEEBARN, WEEAEA MM R P A0 BR AR B 0 R s . K At
M ARG YR ) WA s, AT RIAGEAE pCAC-NBPDSyomss A ZEMH 72 2 4, B4 16
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PR, 2 5E T 18°C ol 24°C &8 FREAT %2, 4
FlJa, BT 18C FIA LMY 2 I 4L &L ¥y NbPDS
SEIDUBRRAY,  DUBR DI R 0B sgR Wi A Fr
WA, FIR AR TNV-AC 2 3BT E R AEsE
R BT 24C E M FAREMANA 5 B EA7
I DRSS I B AL, R TR LE 18°C
A5, R B R G0 de - AR R R L iR %
(K 5a).

BEME 110 K, BT 18°C 448 N A A1 8
A BT A TSR B AR, IE T 24C R
(1) A A2 il o0 BR 3R A AN BT L (] 5b). Western
blotting f7ill 45 3 27, TLiBAE 18°C ik /& 24°C 41

(2

(b)

Mock TNV-AS(wt)

(©

. HAUR RN RGUT AL (E S5e). LLCP
FED 2 B (0 0 38 410 Ok 5 193 AT RT-PCR
W, 25T W, BT 18°C &4 FIAA M RT-PCR
FE) KNG 320 bp, 5 TR /NAHAE, 1 E T
24°C A F A £ RT-PCR 74 HUAT 250 bp A2
i, SR TNV-AC [) RT-PCR F=#AHLT, i
AT SNEIL R A B 4 F (K 5d). ik al 1,
AR (18T, HEAL TNV-AC i 8 a5 1k
9, AN BN G R, TSI YR NbPDS K
DRI 0 BR 3R R R ) ] (T ik 110 REA B, XY
Senthil-Kumar®42i& (] LL TRV A JEAili1) VIGS 24k
753 NbPDS FERIUTER K R AR L.

M 18°C 24C

(d) =

Fig. 5 The culture temperatures could affect the silencing phenotypes induced by TNV-A%based VIGS

The silencing phenotypes at different temperatures (a, b) and Western blotting (c) and RT-PCR (d) analyses showed that chimeric TNV-A® tended to

lose the inserted foreign sequence during infection under high plant growth temperature.

2.5 TNV-ACHESARL HH i RiREEE AT EL

76 i TNV-AC VIGS BRI S BL 4
FTEA . FANL B DL AR ) B IR0 R 4 A i) 2
filh b, 22 F TNV-AC VIGS 04471 BR A 25 1
Su FERPIRT ChIH FERP. f UK RES 36 nt (1A
A Su SEPRURN ChIH 55 R B DA 1) 55 42 1 7 3G

Sy AldE AN CP 2 1% 1 UAG )5, R HETE
SPEAPAAME, 3 RS, VRS REAR I A 20l
7R R AR R B (8] 6a). LA Z R
(ubiquitin) B Kl Ubq N2, HI¥5E & RT-PCR(TE
Wy ok 20, 25 F1 30) K Su FEPRIFT ChiH
PRICBR S AR RIA AT, S5 R IR 2 AR
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PR IE DR 1) mRNA %5 55 /K7 24 0] 5 BEAR (K] 6b).
DL &5 Ui, BET TNV-AC [f) VIGS #8044 7] 15 %%

() NbChiH NbSu

A A A PRBE A RAE AT, AEAE I LA Ty
REJHIE P BAT BT .

Mock

TNV-AS(wt)

TNV-AS(wt)
20 2530

NbChiH

®) 20 25 30

ChiH

TNV-AS(wt)
20 25 30

NbSu
20 25 30

Su

Fig. 6 TNV-AC€ based VIGS vector could be used to silence NbChIH and NbSu in N. benthamiana
(a) Silencing phenotypes in N. benthamiana when agro-infiltrated with TNV-A%based VIGS. Arrows indicated the region that silencing phenotypes

appeared. (b) RNA extracted from the leaves was subjected to semi-quantitative RT-PCR amplification (20, 25 and 30 cycles). Amplified ubiquitin gene

(Ubq) served as internal controls for each samples.

3 it it

FY) RNA 5 4 seth H & —Fh 2 Difg iR
F, Z5ReEMias). MEERE . R8s
R TNV-AC 5h7e s AR 3 B e o, B
HA R4S RNA Thigsl, &2 miEeEy) e K
IS IR PE s 23, CP B i B HE 2 TNV-AC
HE R BRI, &R T REH )1 hE
76 AL EANRETS S NoPDS JEDRITER, 1X 5 AR SE
56 25 DLAH [R) 5K W A 2 1) E 4RI S8 PR (AR AW
(Beet black scorch virus, BBSV)if 5 A L0 Py Y5 3
PRITER ) 4l R AH AR IR 45, KRR ). 5 I AH
Ko s IR g B4 BBSV CP
J& . HZ BBSV W A] DL % 155 5 i Bk DR A S
16C 11 gfp [FIRGEDTER, 156 AR ) P 535 R R AR 5
LR BE DR TR P AU oA 22 i), B ST
N IPFRTE A — S0 3 W5 3R B 9 Y I8 5 4
5 B 5 DR BR ) 22 S nT e S R K Y DCL4
AGO1 L [FEH T siRNA #iz 7 20 5k,

FLINPCER 1 dsRNA Tl A, dsRNA R IEAT
PRl A, — P2 il aE ) B R ) 9 4 RNA 7
H, AEIR 5 I A N HOIET RNA ) RNA A5
fif (RNA-dependent RNA polymerase, RdRp)[1 1 H]
FER, TR A I RS AR RNA

RIS R I SN 4 N D R 2 A R
Lacomme 5338 7693 2 138 PR 21 A in A\ 119 ) ) 2
A ] DA 8 R K458, TSN dsRNA {4
B ATESR VIGS [RPTERACE, I HAZ R [FFE
& T2k T 56 7 B Ae i B (TYMV) 1) VIGS %
R0, FRATTHE TNV-AC 1) CP 2 Ja 43 il di N\ 2 Fp
. A ANARFEKE NoPDS BB, BB T HFES A
M PDS R UTER A R, 5 R o, ) E
HFHES H MR PCR SR &, HKEAN
36 nt [FIE BRI oI 51 U8R, 5 TYMV JiBR 4L
A 38 nt BRI IT PDS FEK(AtPDS) F B T UTER 1)
g5 R

76 HET AN VIGS #ifkh, TNV-AC [ 5 K]
LRI /NME, AR RE T 70 FHRAE, (R /NMIAE
DRI T e 2 AN NSRS DT B Pt 2 52 31 PR
1] TNV-AC [f] CP Z J& IE M 4fi A K JE 28 304 nt (1)
NbPDS F:IR By, TR0 5 R 4018 3 BE J) W 2k
559, MIE RN KA 192 nt (1) NbPDS HePH A B
i, FZ AR AT LRGSR YA B, (H AR
BB BEORA T AR E K. 5 CP ZJEHiA
72 nt(2x36 nt) Al 120 nt(2x60 nt)[{J 4L TNV-AC, F
AR G AR AW R R IR ) 100%,  H AW 5 51 41
PSER B B RIS, AT I, TNV-AC VIGS
WA INEIED F BU A B LA 120 nt 2247 4 'HL
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BE R ORUE A0 B RGAZ A, AR FFd A
F B ENE, BT DB AT LAFFSE 110 K
LA L.

FIFH TNV-AC VIGS #AKTTER NbPDS 55 R UL
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Development and Optimization of Tobacco necrosis virus A Induced
Gene Silencing in Nicotiana benthamiana”

GAO Yang, ZHANG Yong-Liang, ZHANG Xiao-Feng, HAN Cheng-Gui, YU Jia-Lin, LI Da-Wei”
(State Key Laboratory of Agro-Biotechnology, College of Biological Sciences, China Agricultural University, Beijing 100193, China)

Abstract A series of recombinant viruses were engineered by gene replacements or gene insertions into an
infectious cDNA clone of Tobacco necrosis virus A Chinese isolate (TNV-AS). TNV-A%based virus induced gene
silencing (VIGS) containing different structural arrangements of sequences targeting specific genes and variations
in the positions of exogenous fragment insertions were evaluated along with temperature effects on inoculated
plants. Replacement of the coat protein (CP) gene by exogenous gene fragments could not be applied to TNV-A€
because the chimeric TNV-A€ constructs were unable to induce silencing of corresponding endogenous gene and
derivatives lacking the CP could not move systematically in Nicotiana benthamiana. We found that the optimal
position for insertion of exogenous gene fragments was the region immediately behind the stop codon of the CP
gene, and the maximum lengths of fragments that could be accommodated within virions was around 120 nt. An
NbPDS fragment inserted into TNV-AC as an inverted repeat produced a VIGS derivative that could silence
endogenous NbPDS in N. benthamiana with extremely high efficiency. We also found that temperature could
significantly affect gene silencing efficiency of inoculated plants and the stability of heterologous gene fragments.
Plants grown at 18°C exhibited substantially higher gene silencing efficiency compared with 24°C , and the duration
of silencing persisted for more than 110 days. The TNV-A%based VIGS vectors were also able to induce efficient
silencing of endogenous Su and ChIH genes in N. benthamiana. Taken together, our results show that TNV-A® has

the potential for development into a novel VIGS vector suitable for functional genomics of N. benthamiana.
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