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Effects of seven RNA silencing suppressors on heterologous expression of green
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Abstract: Objective To test the effects of 7 virus-encoded RNA silencing suppressors (RSSs) for enhancement of a plant
virus-based vector system-mediated heterologous expression of green fluorescence protein (GFP) in Nicotiana benthamiana.
Methods Seven transient expression vectors for the 7 RSSs were constructed and co-inoculated on the leaves of Nicotiana
benthamiana with PVXdt-GFP vector, a novel Potato virus X-based plant expression vector, through agroinfiltration. The
protein and mRNA expression levels of the reporter gene GFP in the co-inoculated Nicotiana leaves were examined by Western
blotting, ELISA and RT-qPCR to assess the effect of the RSSs for GFP expression enhancement. Results The 7 RSSs differed in
the degree and duration of enhancement of heterologous GFP expression, and the p19 protein of Tomato bushy stunt virus
(TBSV) induced the highest expression of GFP. African cassava mosaic virus AC2 protein and Rice yellow mettle virus P1
protein produced no obvious enhancement GFP expression. Conclusion Transient co-expression of RSSs suppresses host
silencing response to allow high-level and long-term expression of heterologous genes in plant, but the optimal RSS has to be
identified for each plant virus-based expression vector system.
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Tab.1 RNA silencing suppressors (RSSs) used in this study

S [E AR X N ST K2 Valerian V. Dolja i+ 2 ; th4%
X TEFOIA A PV XAt-GFP f AR 2 W SRl R .
G. Atabekov T H 8 . ZA<HH 4 ( Nicotiana benthamiana)
Tl G S A e L2 i 5 B s A e 5 BT i
AT
1.2 23X

Bl A2 R P9 D Neo T i Xba 1 (NEB) , Anti-
GFP %2 1gG(Bioss) ,HRP-EH1 5 19G (FHA24: 4 ) , SRt
e PCRIAG & (234 , ECL A & (4
), GFP RIS (BioVision) .,
1.3 ) RSSs kit A&k Ak a9

FHANR] RSSs S5 149 (5 1) S5 |1 e 5 L3k 2) 4
S YE H SRR B, RSUS Y F BERIZ A pCB302 43
S Neo 1 F1 Xba 1 B0, B2 Ini a4 S, i
e R LIRSS AN] RSSs B Fa R A E 2H Tk

DU R IR SCHR
b BT AL i (1]
Cucumber mosaic virus(CMV) Cucumovirus
A2 A A A S AR [12-13]
African cassava mosaic virus(ACMV ) Begomovirus
o5 LRI XA R X 14]
Potato virus X (PVX) Potexvirus
o1 CES et AR [15.16]
Beet yellowing virus(BYV) Closteovirus
b19 AR AR (7.17]
Tomato bushy stunt virus(TBSV) Tombusvirus '
o1 AR AR i R 7S AL 18]
Rice yellow mettle virus(RYMV) Sobemovirus
TR RSO Y )R
HC-Pro Tobacco etch virus(TEV) Potyvirus [19]
F2 ATRAATERS RS IHFT
Tab.2 Primers used for plasmid construction
iz A 519 SIPHEE (nt) 5191 (5-3") 7R (bp)
2b(+) 25 ggcgCCATGGatgtgttgacagtag
pCBNoX 2b 303
2b(-) 27 ggcgTCTAGAtcaaaacgacccttcgg
AC2(+) 25 ggcgCCAT Ggaatcttcatcaccct
pCBNoX AC2 408
AC2(-) 30 ggcgTCTAGACctaaagacccttaagaaaag
P25(+ 26 cgCCATGGatattctcatcagta
pCBNoX P25 ) 99c9 g9 681
P25 (-) 28 ggcgTCTAGActatggceectgcgeggac
P21(+) 31 ggcgCCAT Ggagtttttctttaatgactgtg
pCBNoX P21 534
P21 (-) 29 ggcgTCTAGAttatacagctataccgagg
P19(+) 26 ggcgCCATGGaacgagctatacaagg
pCBNoX P19 519
P19 (-) 29 ggcg TCTAGALttactcgctttctttttcg
P1(+) 27 ggcgCCATGgcacggttggaagttctt
CBNoX P1 474
P 0 P1(-) 29 ggcgTCTAGAtcagaaattgaggtacttg
HC-Pro(+) 28 ggcgCCATGggcgacaaatcaatctctg
PCBNOX HC-Pro HC-Pro(-) 32 ggcgTCTAGAttatccaacattgtaagttttc 1383
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Fig.1 Schematic representation of pCBNoX RSSs and PVXdt-GFP vectors used in the present study. The
diagrams show the binary vectors pCBNoX RSSs (A) and Potato virus X (PVX)-based
vectors-PVXdt-GFP (B). The individual RSS was cloned by PCR, and then inserted into pCBNoX RSSs
at the site of Nco | and of Xba | under control of 35S promoter (A). LB: Left borders of the T-DNA;
Tnos: Terminator sequences of nopaline synthase (nos); bar: Gene for phosphinothricin
acetyltransferase; Pnos: Promoter of nos gene; P35S: 35S promoter of Cauliflower mosaic virus (CaMV);
TE: Translational enhancer of Tobacco etch virus (TEV); RSSs: RNA silencing suppressors; T355: CaMV
35S terminator; RB: Right borders of the T-DNA; RdRp: Gene of viral RNA-dependent RNA

polymerase; SGP: Subgenomic promoters; GFP: Green fluorescent protein gene; Poly-A: A poly(A) tail

to PVX. Note: The boxes are not drawn to scale.
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Fig.2 Changes of GFP fluorescence in the leaves of N. benthamiana after coinfiltrated with pCBNoX RSSs and
PVXdt-GFP. Infiltrations of buffer (Mock), Agrobacterium tumefaciens GV3101 alone (A. t.), or PVXdt-GFP alone
were used as controls, which were infiltrated in different areas on a leaf (A). Photographs were taken under UV
or visible light at different days post-inoculation (dpi) (B). The asterisk beside the number 17 and 23 indicates
that the observation was taken from downside of the inoculated leaves on the 17th and 23rd dpi. *: Downside

of the leaves
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Fig.3 Effect of different RSSs on PVXdt-mediated transient GFP expression at 5 days post-infiltration. A: The leaf of N. benthamiana
plants were infiltrated with a mixture of A. tumefaciens cultures carrying PVXdt-GFP vector and different RSSs constructs.
Co-expression of viral suppressors enhanced ectopic GFP expression, as assessed under UV illumination. Red background is due
to chlorophyll autofluorescence, and green to GFP fluorescence. B: SDS-PAGE (upper panel) and Western blotting (lower panel)
analysis showing GFP expression levels in N. benthamiana leaves. C: Fluorescence microscopy of N. benthamiana epidermal cells
transiently expressing GFP with RSSs as indicated.

HC-Pro

" a0 . PEHIBHSATTER RIS S AL JEi SR A SIS 2
£ S0l Fy 6 0 552 ) RSSs R I R
g 150 SSRGS E I AAIRL, Bt X FAS R
fj oo | (1) PVXdt-GFP #1443k R G0k, CMV-2b UL R il
S oo | AR TEV-PL AR AL i A T
CPVXAtGFP 20 AC2 P25 P21 P19 PL HC-Pro  AHSRELALINTE (Beet yellows virus, BYV )i B4R 1L
B PVXdt-GFP RRINF , TEV-PLIVERIACRAR 241, CMV-2b I JL°F-
0% 0.22 BB I AR —F RSSs ke s &
Z 20207 IR RGEAMEFER RIA AR 2 H B EANGH
& § o1t TESCRRIV D St ST A5 2k RSB Y
® £ 010} “RSSs F15”, A Rl 22 55 SN P 1 Fe ik ORIk
28 005 fb. T5h %R RNAFTEAR A FA RGO, T
0.00 i RE H SR 2t RSSs, TEIEHE RSSs I 12 itk e fff
PVXdt-GFP 2b  AC2 P25 P21 P19 P1 HC-Pro R [ P ) RSSs., L e phy 7 U 24
PVXdt-GFP N : e

B0 RIS HANERE G it e sagy | EUOP IR 24

RT-GPCR 434 TETA B 2158 19 RSSs H1, TBSV-P19 J&— 4~
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Fig.5 Effect of TBSV-P19 on PVXdt-mediated transient GFP
expression in Nicotiana benthamiana. Transient expression of
GFP was assessed by ELISA in the absence or presence of
P19 at 5 days post-infiltration.
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