Techniques and Methods Ei#N=wiki-

[=]

0) )L S i R
Progress in Biochemistry and Biophysics
' 'j 2022,49(7):1381~1390

www.pibb.ac.cn

E TR RmSER I RIE 2
SNEE BRIV EIR R E N A

30D OWARY MERD RALY EEY
() WRTE TR AR B T B2 HOM 310018: 2 WAL S

Bese g

KMl 310058)

WE BN WEEEDFEHEY T aeRIE A WA G E AR RERAR . AiE DR MEZY%EE (tobacco rattle virus,
TRV) H:PHZH RNA2 (R FF IR Y 5E e pYL156 JA4 KL, B2 TRV RNA2 (14 26 514 505 279 bp IR HAE IR S T ATG U
N AGG. [FBF5] A F 4557 (pea early-browning virus, PEBV) #h52#E 4 (coat protein, cp) JEH G s+, K15
pTRV2e’ #ifk; 7 pTRV2e* EifA ) 26 FIPEBV 1) cp Jri 81 F T Wl AANIF A SMEEE I, 5 0557 TRVe® FRIB SN M1 fiE

Ay MR I RS E AR R DA SO P R A BT A 2 DhBE . S5 5R HE TRVE Be P W] i 223k 2 el & i SR
Fi, BEDRERIA 70 kufMEE A, HiZMEEE1~2.0 kb AMNEEL K REAR 416 T3 FAE b FsE TRVe 1] FH T4 Bk (1
HIAEYFDIRE L R 2 AR AR AR BV . 8518 RSO EER S0 5 TRV Mol alcih 2235 2 SR ER (1 DA K 43 #r 2

A A A AR AR R AR T A

KR RGN EE, FEFZHRNA2, BUCKIKEAR, HABIIRE T, A M

HESEES  Q939.46

Bifi 5 K AT R R 2L P () e 1, 1A V)5 e —
A B 2 AR B R AR PR b 43 5 R A4 o i PR
T A B A YA TiRe . B, WRoEIIRE
S S DR B 1 o i R S N B AR ) T R
ik B8 H DAESEH I RE ), (B FE B AR AE7E
PRAE T IR AP R SR &, R AE
Y EE AR R Y S B A W~ D RE H 5 B —F
R

o B B T/ BIRRCR =, ATFEAR Y R AR R
SRR, HIERA/NGEE, KiEtyisiEs
VER A M EE I F R EAR R R IE, (H4 R ZHHEY)
WA R IR BASMEE T SR X
(potato virus X, PVX) FIHFE ALK FE (tobacco
mosaic virus, TMV) J& H fi i i HAE Y a8 R 5
R Ok A Y R ] T R A 2 A Ah
TEAEARERIE, 24 TMV AR R cp LA
2H ) B A Rk 2R AR pGR30B 7EAS FC i H RE [H] Bisf
FKiR2MAFSMNEEN, ARSI cp EEH, %
Ak HRe e B A P A BB & 15 Wang

DOI: 10.16476/j.pibb.2021.0180

G U TMYV op WA 4 3l F R PVX Y ep WA
K20 i3 2l 4 A PVX R PR 41 v 3145 36 5K 21K
pCaPVX440, %575 RETE R 25 AW 1 ] i 2%
IR2AHMNEER T, HE AR A T T —
HoMr . KFEFRLALM 7 (barely stripe mosaic
virus, BSMV) i = K 1E SCHL5E RNA Ji5 77
Cheuk % " B HM0E 0 A% 88, H TESF &
TP A IR 2 AN JE TR A ik
JH 7 (beet necrotic yellow vein virus, BNYVS) %
IRERARBE RIS ek 4 MR, (Hi% 3k L RETE
A LI rdroi FEFP I TR R IFRGA 4 D H A
IR 22 SRR 7K fife R mes sl it D) 1 i L T A )
P BE A4 ) 2 B 1 TR R A 27 AR B
AR 1 A TR T BE AR T B8R Y 2R R AR
BE el H Y AR A A ) R AR T g

B I AR R PP A T KL (2018ZX08001-03B) ¥t Bl
WiH

IR R o

Tel: 0571-86843195, E-mail: gshliao@aliyun.com

Wi H A : 2021-06-23, #2232 H#H: 2021-08-31




+1382- EMUEEEYIEER

Prog. Biochem. Biophys. 2022; 49 (D)

THHAYFI6E. HETC A 241715 RNA JH i
FEREZ A INE SR R IR AR, R R
F o % S LR 7 (barley yellow striate mosaic
virus, BYSMV) FRik3MHMNESEA ", T HM
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Jit #L pTRV1, pYL156 (pTRV2) . pUC57-
PEBV CP pro, pBI121-gfp. pBI121-rfp. pCMBIA-
AtGapC2., pCAMBIA-NbHsp70. pBI121-LS 2b,
pUC57-XEG1. pUC57-Avh52 F1 K [ ¥T 1 DH5a &
R CARFFR GV3101 R PR TARSE R =
112 ZFFEHY

AKICH (Nicotiana benthamiana) 7F FAEY) ,
FEFIG~10 dJ5 B4k, 7E25°C. 16 h/8 h (O A/ -
) JCREMIAM TR E 6~ M, HTRITHIR
TR
1.2 FHik
1.2.1 ik

PABUR pYL156 S AiAR , 383k 51 H %t P1/P2 i
T PCR Y ¥, H 8y ™9 #) ke B 5 42 Hind 111/
EcoRTRURE Y, I i% £ 3| Hind /EcoR 1 1) 3% 1A
pYL156 H, & WAk 2= KA i DHSa, 3k
FHH 4 OB pTRV2e' . L pUCS57-PEBV CP pro Ayt
M, L5 P3/P4 AT 1 4k1H PEBV CPAEIA
Ja B 78, it Miu1USma 1 X B Y v BE 2
pTRV2e'H1, FRIGTEMEpTRV2e?, K5 IH%) P5/P6
AT PCRY HEARAGIE N gfp, 28 EcoRUMIuIALi ]
i 3% iR pTRV2e!/pTRV2e?, 43 Jill 3k 5 38 1K
pTRV2¢'-gfp/pTRV2e>gfp-MCS2., il 1t 5| ¥ % P7/
P 4T PCRY 1, HA ™ML, 2 BamHU/
Sma 1 XL g Y) v B 2 5 R0 pTRV2e® 3k 15 2k &
pTRV2e’-MCS1-gfp. it 51X PO/P10 #EAT rfp J
[ PCR Y44, H YR B id EcoRUMILIXLfi )
] Wi 3F 72 [ & pTRV2e>-MCS1-gfp, 3K 15 3 2 {4k
TRV2e™rfp-gfp. aL 51X P1I/P12 ¥ 34 &7 HA
bR 75 gfp FEH, I 1t 28 BamHUSma U] v
W& 2 itk pTRV2¢e?, 3£1% pTRV2e*-MCS1-gfp-HA.
LX) P13/P14 HEATY WG B GapC2, Tt
2& BamH1/Smal ¥l V) 5 B % 444 pTRV2e>-MCS1-
gfp-HA, #:45 pTRV2e>-MCS1-GapC2-HA . i 5]
Yy X} P15/P16 it 47 97 34 KL N Hsp70, Jf i i &
BamHVSmal WU vE [ 28 481K pTRV2&*-MCS 1-gfp-
HA, k158 pTRV2e>-MCSl-gfp-HA. 18 i 51 ¥ %F
P17/P18 4 15 CMV-LS 2b 3L, 25 EcoRI/MIuI WLl
Yl % $ i kL pTRV2e>-MCSl-gfp, 3k 1% # 1K
pTRV2e*-2b-gfp. L5 )% P19/P20 17 PCR ¥
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Avh52., FEERAAR T S 1 YR fE B W R S 1.
122 RFTEEEAL . R TERADIEE
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£ RIHEEAN BRI RS X IRAE P R FT
W pTRVI 5 pYL156 J& 14 4 TRV, pTRVI 5
pTRV2e' iR A4 TRVe', pTRVI1 5 pTRV2e* i Fll
Y1k TRVE? 7RG % vh I B AR #E AT
BN A ORI 298 e, I #E71F Wratten 1
JEAF 15 BRI FAHBLFA D 5%, TR R A Y
TES B Y
1.2.3  FHY S RNASEHURIRNA B[

BN EER PN R G 0.1 g, ] Trizol $2
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RNA HLUK . 5 BRI 38 T7 15 S 2% M i = bn e R
PG = S U, A2 R M B AN T
RNA2 1 3" — B2 R, AR5 415 B LR
7 S1. TRVe-MCS1-gfp Hl TRVe™2b-gfp {7 44 48tk
11 gfp 1) sIRNA 2% 3¢ HAK T3 75 275 SCilk Du 48 7,
siRNA £ £ T 4 5 B WL 8 3¢ S1. TRV 3 Al 41
RNA2 il gfp 1) siRNA 25255 K A Image T &
fEAab 3, I i SPASS #4438 dE , LA TRVe-
MCS1-gfp 14 100%, T+5: TRVe-2b-gfp AR & it
KebrifEiR 2z
1.2.4  FEY) SR BT LS e Bl

I3 IS R R R YA IR R G 0.1 g,
WAEBEE AR, AT 2% B-FidE L WA PBS
G PRI B X —RWR B0 S B RIS IR A
2x EREGE M, 95°C/K A7 10 min, 10 000 r/min
5min, W WM. EOATERE . BRI R
Y T2 sk [33], BT PRl GPF .,
RFP. HAWRZ M AL % E: (cucumber mosaic
virus, CMV) 2bZ 1. TRVe>-MCSI1-gfp il TRVe’-
2b-gfp 1= YL AE P T GFP 2% 28 45 5 ok 444 Image J
Ak A B, I 3 ok SPASS #E ar M g L LU
TRVe>-MCS1-gfp & 4 100%, %4 TRVe>2b-gfp H
X i MR IR 2

2 FHR51TR

21 TRV2HEXHMEHERELFEE

TRV ZE K 2 H RNAT FIl RNA2 4 i, FEH 4
RNAL FEE R G MR Y7 FA4EY ), H TRV 4
PKI 20 RNA2 B M i 2k (pYL156) J& H i)™
HLN TR DI RE R F AR HEE T H
— 5203 Ak R PEBV B9 cp W3 K 4H A 8l
THIEAMEE IR IB 4K 27 FE pYL156 ik
W, TRV 3L [H 41 RNA2 HF 256 1 643~3 465 X Bl 3
Bk, PREE 2b 8 F N 101 2R, e 4 ik
2¢JAEh TR ORF B4, Morton % “7 8 pYL156 24
H2b 2 N 101 DRI T a6, FFgIA 24
PEBV cp 3L W LK 4R 8+, Fyt AT ik 24
SN F AR, ASCEETHIKpYLIS6 I E# S A
TRV [¥) 2b FI PEBV cp WK 4 )3 8 F MR 11 3
ik# &, pYL156. pTRV2e' Hil pTRV2e® # {4 th
TRV i [H 4] RNA2 25 #4 7R & & W & 1a fr s,
pYL156 o1 RNA2 &4 2b 3 K ORF 1Y 5'3i 303 bp.
i 3 B2 26 FE K ORF 14 5'%5 279 bp, #5 2b FE R 1y
EIHEM T (ATG) B AGG, 3K1H pTRV2e' %
&, 7EpTRV2e'#ikrr, 5] A PEBV cp 3 [H 7 5L
205 30 TR AR pTRV2e?. g T 20 B e I 8
TRV K 20 RNA2 J2 1 A R GG, BRATH
pYL156, pTRV2e' HlpTRV2e* /3 54 pTRV 1
R L[R2 A T AR, B EF S d,
TRVe' Fll TRVe® 1% Y& ZF FAEY) J5 A= Az B I (A IR
K, 5 Mock 4% F AH L, 1 TRV (TRVI+
pYL156) fRYLMG M R IREERM (B 1b), S5
Yo% B B S5 S AH—3 . Northern blot 73 #7
SRR, TR EAY B R G YRR I 2] TRV
TRVe' Fl TRVe® 2 [ 20 RNA, K TRVe' Hrik s 26 it
ORF [ 5% 279 bp, HAELKIZH RNA2 KR
TRV /N (El1c), PhbZ55 R 24 7 5 TRVe' Fl
TRVe* B ] RGEVER YL 27 FAEY)
2.2 2bFAcp BEhFIRBNAIIMNEE B FRIE

T W A 6 B 24 TRVe! Fi TRVe? Hh W L4 15
£ e Rl R ) I N8 W = P (e = U
pTRV2e'-gfp Fl pTRV2e>-MCS1-gfp Fll pTRV2e>-rfp-
gfp (K2a). J58 TRVe'-gfp. TRVe>-MCS1-gfp Fll
TRVe -rfp-gfp $EFI A [CHH 24 h, 34V 8 12 1E 2
FRIEYEDE G B A0EE T YIREAR RN SR (s e g (&5
WA TR ; RS AR E R AL NE 2b TR,
B T TRVe' XJ B8 42 Ff (1) A< [C AR 51, TRVe'-gfp Fl
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Fig. 1 Infection assays of expression vectors based on tobacco rattle virus in Nicotiana benthamiana plants
(a) Schematic illustration of TRV genomic RNA2 in the pTRV2 expression vector constructs. Plasmid pYL156 (AF406991) was T-DNA clone
harboring tobacco rattle virus (TRV) genomic RNA2. Multiple cloning site (MCS1) contained EcoRI, Xbal, Xhol and Mlul, MCS2 included BamHI,

Kpnl, Neol and Smal. sgP was the subgenomic promoter of cp gene from pea early-browning virus(PEBV) RNA2(X78455). (b) Symptom expression

on N. benthamiana plants infiltrated with Agrobacterium tumefaciens GV3101 mixtures harboring plasmid pTRV1, pYL156 or its constructs at 5 d.

(c) Northern blot was used to analyze the level of TRV genomic RNAs in the systematic leaves of host plants. During Northern blot, subgenomic
RNAs (sgRNAs) or defective RNAs of TRV RNA2 were collectively referred to as sgRNAs.
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TE TRVe™rfp-gfp 12 4 (A FCXRRE R B 25 (1 B[R] i A6
M%) GFP FIRFP ([&2d), LA _L25H R ARk ik
TRVe? BE7ESEA™ 75 A Y v R BhPRe s il 2R3k 2 4~ 4F
JREH
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Fig.2 Expression of green fluorescent protein and red fluorescent protein in the whole host plants via TRVe’ vector

(a) Diagrammatic illustration of the pTRV2 expression vector constructs for expressing GFP or/and RFP. (b) Green fluorescence appearance on the

seedlings of N. benthamiana infiltrated with bacterial suspension mixtures containing pTRV1 and pTRV2 derivatives under UV light at 5 d. (c) Green

fluorescence and red fluorescence were visualized in the same cell of N.benthamiana plants infiltrated with A. tumefaciens mixtures carrying pTRV1

and pTRV2e*7fp-gfp under confocal laser microscopy. (d) The levels of GFP and RFP in the systematic leaves of host plants were detected by

Western blot with specific antibodies.
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23 BABHFREIMNEZABENHLLR

T AR pTRV 26 2 AN 341 J 3 73K
FHMREE H KRBT, W AR pTRV2e-gfp-
MCS2 1 pTRV2e-MCS1-gfp, W& H 1 gfp 3K 7
51 TRV PR 26 W73 R 21 81 Fl PEBV cp W3
Wl g 8 7ok sh £ ik (K 3a) . 9% TRVe-gfp-
MCS2 Fl TRVe:-MCS1-gfp #7115 d, AT T L
A FRIY D CFIANE 3b Fron, EAS FHHE R
FIRGE 1, TRVe>-MCS1-gfp 12 45| e i 9¢ e Bl

@ PTRV2e%gfp-MCS2

5‘ _— CP

pTRV2e-MCS1-gfp

5 — CP

(b)
TRVe>gfp- MCS2 TRVe MCS1-gfp

% B & 9 T TRVe-gfp-MCS2. RNA Efl i
(Northern blot) Z5H W/, 2 AN REEIR YL 77 4
Yy it R0 2R e - 2 3 R 41 RNA & 5 SE AR ]
(Kl 3c)., Western blot #F—ESE, ZEFEMIT IR
g 7 TRVe-MCS 1-gfp JIT 77 45 ) GFP 44 15
F TRVe-gfp-MCS2 (&l 3c)., DL EZEREN, R
TRVe® 11 PEBV cp JE K 3L K 41 )7 3l 3K 21 SMJE 2
MRS58 T TRV 26 JL R KL R 4H 31

Infiltrated leaves Systematic leaves

RERE

Fig. 3 Comparison of the levels of GFP expression driven by either TRV 2b or PEBV cp subgenomic promoters in

N. benthamiana plants using TRVe?® vector

(a) Schematic representation of the pTRV2e? constructs for expressing GFP. (b) Green fluorescence appearance on the seedlings of N. benthamiana

infiltrated with bacterial suspension mixtures containing pTRV1 and pTRV2 derivatives under UV light at 5 d. (c) RNA blot analysis of TRV genomic

RNAs and Western blot detection for GFP in the host plants.

24 FIATRVEFRIEARREKEMIMNEES

J T AR BE TRV X AN [ K B A MR L [R g 26

keSS, A gfp (720 bp) . IEIT S HERR
IR I S C2 WL FE K GapC2 (1017 bp) ., A
TP 1 70 £ Hsp70 (1950 bp) 5ol =4k ik
pTRVe® 1, 3k 15 #% & pTRV2e>-MCS1-gfp-HA .
pTRV2e-MCS1-GapC2-HA ~ #  pTRV2e*-MCSI-
Hsp70-HA; 5§ # TRVe>-MCSl-gfp-HA. TRVe
MCS1-GapC2-HA HI TRVe>-MCS1-Hsp70-HA % Fh

HEANEF EAED S d, S REET MY R T
Northern blot 232 #11 Western blot 7347, 25 SR UN1E 4
Jim e FEpTRV2e ERIR AN B IEH G, &
IR R4 RNA2 K B3I (K 4a) ; il ad HA
PUARTES AR EEHEFN 2 = 0 R G rh 4 RE A A 2]
HIEH (K4b), DL 25K, %5 TRVE 78
AR AR R G 2 /D ER A 70 ku AMEEE . TRV
LA 2H RNAL 1 K /Ny ~6.8 kb, RNA2 K/NK
~3.9 kb, K FE KL EATAR P AR ok
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kb LA EANBEIE | I REAEH £ RGBS B

TRVe’ RETERE ME MR R 1K~2.0 kb SMEIEIH, 564 TAEARSCEEIEAEH T
PRGN . FE TRVE 763 EAEY) HRETR K14 2.0
(a) O Q (b) ¢ \
] o & & o X\sQ'\
C%\ 0‘5\ G‘b\’ 0%\ 0‘5\ 0‘5\
% ’Lré j2e 9 3 "w@ ’be '\,l@
K{ &9 < &9 & Q8 &9 &9 Q8
A S AR . W AU SSR
S RNA2
L sgRNAs — anti-HA
Fig. 4 Expression of various proteins in N. benthamiana plants with TRVe?
(a) Northern blot analysis of TRV genomic RNAs in the systematic leaves of N. benthamiana plants. (b) Proteins in the seedlings of N.

benthamiana challenged with TRV constructs were detected by Western blot using anti-HA peptide antibody.

2.5 TRVEeEFEHRFRIEFRE

R T A3 M EE TRV 47 7RI RS 76 27 34
Yita g1k, HUTRVe:-MCSI1-HspT70-HA 4T 15 12 1
RN 10 dF ERGEM, 0L TR A
[CHA, ST 3 e . o IR AR 3 I 42 7
FRG M TR N 24 s A R, 455
(K15) W, TRVe-MCSI1-Hsp70 1 3 Ui PR bk
H R TR SE R 4 RNA2 R i 5 R/ NS AR R
Rl 25 FAH L IC I & 22 51, 4 B TRV R 4
RNA2 MBS Hsp70 A FE2 ;s TEdRt= etttk
G0 B F T B e A DU £ Hsp70, I H
Hsp70 & 5 7E 3 UG R R rh 3 S e A Bl 25001]

N e
NCEE S 2 3 4

sgRNAs

~—anaD . .

¥ Rubisco

Fig. 5 Analysis of stability of TRVe’~-MCS1-Hsp70-HA
by serial passages in N. benthamiana plants

1: Agro-infiltrated; 2: first passage; 3: second passage; 4: third passage.

7 TRV FEHEHF~2.0 kb FMNEIE [R5 1T AR E A7 1E
TaAFEMY T, FEBANFEMYHRIEEW
HH.
2.6 FHATRVeIGIECMYV 2bE F 7T ZR 0 ] F 1Y
Inge

 JN £ ' 5 #F  (cucumber mosaic virus,
CMV) [ 2b & FZ SR DB & 7, PPl 27 E4E
Prxt CMV Ui R 2 AR SCRE E BE 25 A4 TRV
2b-gfp FH T HAUE CMV By 2b 28 FH ELA 1 3L D3 T 2%
k. SRR 3 d, TRVe*-2b-gfp 1525 A YIHERD
- rf 3¢ 5 B B B = T TRVe>-MCS1-gfp; ik 7% %
Fhsd, 2R EHY R EARLMM RS, JFH
TRVe™-2b-gfp 9 3 A 5% T TRVe>-MCS1-gfp (&
6a). 1E TRVe2b-gfp 1= YL A A 28 G - fig o ) 2]
2b%E [, 5 TRVe>-MCSI-gfp # I, TRVe>-2b-gfp 17
YA bk b GFP SR 2.24% (K6b) . A THiE
Ji§ 7 TRVe>-MCS1-gfp ik CMV 2b & H J5 & &l
Hahn TRV My L A L E i, 43 5] 42 B TRve-
MCS1-gfp Fl TRVe>-2b-gfp i 12 Y& 2F FH Y R Gent
B RNA FI siRNA A T Northern blot 73 #7 . 45 53
H: TRVe’-2b-gfp TEA[CHH T B FE 240 RNA & i
TRVeMCS1-gfp 1 4.67 1% (& 6¢), B TRVe*-
2b-gfp 5| EEAS PR 7= A 0B 1 e Y R A T
TRVe?-2b-gfp #35 CMV (1) 2b 8 [ 34 i 27 2 H 241
RNA flf 5% . TRVe>-MCS1-gfp 1 TRVe>-2b-gfp 17 4t
FE R gfp-siRNA 24 32 25 38 W], siRNA 7F TRVe'-
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MCS1-gfp {7 4% 2F £ & & 5 T TRVe*2b-gfp (]
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=== HHL

RNA2%
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siRNA% 100 47411

l.o--.m

B e o o e &6

Fig. 6 Application of the TRV-based dual expression vector for analysis of CMV 2b protein involved in antiviral defense

response on N. benthamiana plants

(a) Fluorescence phenotype on the N. benthamiana plants infiltrated with A. tumefaciens mixtures carrying TRV1, TRVe>-MCSl-gfp and

TRVe®-2b-gfp respectively was illuminated under UV light. (b) CMV 2b protein and GFP expressed from TRV vector in the systematic leaves of

N. benthamiana was detected by protein gel blot analysis. (¢) Northern blot was used to analyze the level of TRV genomic RNAs in the systematic

leaves of N. benthamiana (d) The level of gfp-deried siRNA in the systematic leaves of N. benthamiana was assayed by Northern blot.
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Fig. 7 Application of the TRV-based dual vector for analysis of suppression of XEG 1-induced cell death in N. benthamiana
leaves by RXLR effector Avh52
(a) Phenotype expression on the leaves of N. benthamiana plants Agro-infiltrated with TRVe>-XEG1 and TRVe?-XEG1-4vh52 at 36 h. (b) Western blot

analysis of XEG1 and Avh52 proteins in N. benthamiana leaves.
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Construction of Dual Expression Vector Based on Tobacco Rattle Virus and Its
Application for Analysis of Protein Function in Nicotiana benthamiana

GUO Ge", CHANG Fa-Guang", LAI Jia-Liang”, ZHANG Xian-Wen?,
DU Zhi-You", LIAO Qian-Sheng"”

(VCollege of Life Sciences and Medicine, Zhejiang Sci—Tech University, Hangzhou 310018, China;
DThe Agricultural Experiment Station, Zhejiang University, Hangzhou 310058, China)

Abstract Objective In order to construct a viral vector that can simultaneously express two non-fusion
proteins in the whole host plants. Methods Agrobacterium infectious clone pYL156 containing tobacco rattle
virus (TRV) genomic RNA2 was used to construct dual expression vector pTRV2e’ by deleting 279 bp of 5' end of
2b gene, changing initiation codon of 2b gene ATG to AGG, and introducing the subgenomic promoter of pea
early-browning virus (PEBV) coat protein (cp) gene. Different exogenous genes were cloned into the downstream
of 2b and PEBV ¢p subgenomic promoters to measure the ability of virus TRVe® to express two foreign proteins,
assess the stability of reconstructed TRVe®* and analyze the function of proteins in the seedlings of Nicotiana
benthamiana. Results TRVe® could simultaneously and rapidly produce two non-fused target proteins and
express at least a 70 ku foreign protein in the whole host plants; TRVe* harboring 2.0 kb exogenous gene could
stably exist in N. benthamina plants and could be served as technical means for analyzing the biological function
of the proteins and the interaction between two proteins. Conclusion Recombinant virus TRVe® constructed in
this study provide a toolbox for fast and efficient production of double foreign proteins and for analysis of the

interaction between two proteins in the host plants.

Key words tobacco rattle virus, genomic RNA2, dual expression vector, analysis of protein function, Nicotiana
benthamiana
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