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Abstract

Mixed infection of plant viruses usually leads to intrahost virus-virus interactions.
Odontoglossum ringspot virus (ORSV) and Cymbidium mosaic virus (CymMV) commonly co-
infect orchid plants and cause more severe symptoms, which is defined as synergistic effect.
Recently, we found that the synergistic effect between ORSV and CymMYV did exist on Nicotiana
benthamiana protoplasts. This interaction seems to be regulated by the silencing suppression
activity of ORSV p126. In this study, we continued to explore the interactions between ORSV and
CymMYV on N. benthamiana. In addition to p126, transiently expressed ORSV capsid protein (CP)
facilitated CymMV accumulation on the inoculated leaves of N. benthamiana, but ORSV
movement protein did not. The mechanism under this phenomenon remains unknown. Individual
domains of ORSV p126 were proved without RNA silencing suppression ability and could not
improve CymMYV accumulation. In this study, we constructed five different domain combination
of p126 and found that all four domains are necessary for RNA silencing suppression. Surprisingly,
viral RNA and CP accumulation of both ORSV and CymMYV had no significant difference between
singly and doubly inoculated leaves of N. benthamiana plants through agroinoculation. However,
by means of sap inoculation, more severe symptoms on both inoculated and systemic leaves of
doubly infected plants were observed compared to singly infected ones. Next, we detected the
viruses in systemic leaves of ORSV and CymMYV doubly infected plants by indirect-ELISA, and
found that the systemic movement-deficient CymMYV could systemically infect N. benthamiana.
These results suggested that although mixed infection of ORSV and CymMV did not exhibit
synergistic interaction on inoculated leaves, ORSV still facilitated CymMYV in other mechanism,
probably on movement. Interestingly, facilitation on CymMV systemic movement disappeared
when CymMYV was co-inoculated with systemic movement-deficient ORSV (ORSVE!?) which

suggested the systemic movement of CymMYV may rely on ORSV CP or ORSV infection processes.
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To understand the specificity of ORSV-CymMYV synergism, we co-expressed CymMV with some
well-known RNA silencing suppressors (RSSs), e.g. Turnip mosaic virus (TuMV) HCPro,
Cucumber mosaic virus 2b, Potato virus X (PVX) p25 and Tomato bushy stunt virus p19. Except
for PVX p25, all RSSs could significantly increase the accumulation of CymMYV, which indicated
that pl126-mediated enhancement of CymMYV accumulation probably can be replaced by other
RSSs. Furthermore, we were curious about whether CymMV can systemically infect N.
benthamiana with the aid of other ORSV-related or ORSV-unrelated viruses. For mixed infection
of TUIMV+CymMYV, and PVX+CymMYV, about 57% and 50% infected plants showed systemic
CymMYV infection. Co-infection of CymMYV and Tomato mild green mosaic virus (TMGMV), a
tobamovirus, facilitated systemic movement of CymMV on all tested plants. Finally, we
constructed three eGFP-expressing CymMV clones and used one of them to confirm the

experimental results.

Key words: Odontoglossum ringspot virus, Cymbidium mosaic virus, RNA silencing suppression,

GFP-expressing virus
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L1 {52 1 FF BB 5+ A FERPri

14 48 &5 # ¥4 B (post-transcriptional gene silencing, PTGS)&_{8 4+ * 14 sz # RNA j # 0
£ & 2 ;%2 - (Matzke et al., 2001) » 3%~ J& ¢ g% RNA(double-stranded RNA) #7155 (Fire et
al., 1998) » & ¥ d £ % RNase Il 7% 142 Dicer-like 3-v (DCL)H & (78 > 24 21 1 24
B2 ez 2 7 BB RNA > SLfi 5 small-interfering RNA (siRNA)(Bernstein et al.,
2001; Vermeulen et al., 2005) - siRNA #: ¥ 22 RNA-induced silencing complex (RISC)#% i %
3 ¢ e Argonaute (AGO) 3-v % & » passenger strand % ¥| 4 f&5 § T guide strand » 7; = &
3 # i 2 RISC » AGO #-9 ¢ enPIWI # it % & 3 RNA £ 5 4 > # £ 7 27 guide strand
B 73 48 2. B % RNA (Ding and Voinnet, 2007; Tolia and Joshua-Tor, 2007; Song et al.,
2004) = RNA 7% *04F Gl A2 ¢ #7242 B RNAAFEL Y PR > T 5 0t 4] (s et
Fpko §pE B4 Ea A2 K RNA PF > T3 o4 PTGS & J

Fid RAH SRR Rt T LRI o F o e 5 E LR A SE N AT
2 Jr4] 5+ (RNA silencing suppressor, RSS) k 4|48 4 e1f # 5 J&(Ding and Voinnet,
2007) ° # I 7RSS ¥ jEd 5o PTGS B/ % I o 3¢ ki T e Fh 513 2 (RNA
silencing suppression) st 4 o G4 Cymbidium ringspot virus (CymRSV) p19 F-v 2 & 21 B
P Fe enBE IR SIRNA » 253 pl9-siRNA 4F £ 48 » @ 3 @2 i& » RISC #4505 it » & 44
18 4~ 2. PTGS (Lakatos et al., 2004) ; Cucumber mosaic virus (CMV) 2b v B[P o}
ARGONAUTE 1 (AGO1)% 3 (=% » ;% miRNA % 4n B RNA silencing J}'m)?—‘,—a— L TEa S

(Zhang et al., 2006) ; Tobacco etch virus (TEV) PI/HCPro v #r+#] vasiRNA 2_ 3’z ® it >
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¢ H {7 5 A SpeRe it (uridylation) @ *% f#(Ebhardt et al., 2005) ; PVX 2. p25 F-¢ e 2 19
 AGO1 % 3 i7%* » i@ H X 7| proteasome 2_ "% f&m "% Mg dr 7 EF B o P 0 0 RFR

v Frdl{E 4 % ¥uid RNAsilencing 3 %5 501@ v£(Chiu et al., 2010; Voinnet et al., 2000) ©

12 fEfpd 223 vr

B md b AR KRR AR P A FA ) pES AR - B4

IR AT A G ks 4 E T (synergy) ~ ##L(F* (antagonism)fr ¥ | iF #
(neutralism)(Mascia and Gallitelli, 2016) » — &/ ™ > MG M 0% 4 & m}if‘ai I e A
v b % 5 F 2 0 RGEM BT S o 2 FRIRIEY Sl S (Syller and
Grupa, 2016) © -+ 2. & % 3 4p 254 5 ¢ 4278 % (Untiveros et al., 2007) ; FIiE* £ 4p 2
et 2% 2P - Fpd chg AR RCTE PR F 5 3 0 2= iRk (cross-
protection) &iEdi® * hfg* > 1% F 1 X P4 e % Jp 4 (primary/protecting virus) & %
0 §HAFIME S KR %54 (secondary/challenge virus) & £ 2 5 ¥ % > # F A7 4

X P SR 4[}%4 2 mE o J* b33k I}isw(mlld strain virus) ¥ 3 4= 4 —’.LI}%% » ¥ T

P F I i -‘I}ii}r (severe strain virus) E 4 enfz jp £ Bl o F Lenb|F A ¥ F BENE
Ol R A % S5om A (Citrus tristeza virus)>t ¥4 154 1 0% F (Dawson et al,
2015)  $4 (€% QI H ¢ — 3 & F 0 P0G )0 E T IER TE I T S
—EAEN PR ARFE LRI CRFFANFLIPOBEER - FA O RFEIL
P2 Wik S o &3 B F 3 B Fehic % (Mascia and Gallitelli, 2016) « 133538 % > 2 >
69 fap -+ (& B> 35 B 7 ) BEFAR 5 Byt ehi 4 ) # (synergistic partner)(Latham and

Wilson, 2008) o
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1.3 #E#)Fa-%— 2} i

LR R E RIS N &4 5 Potato virus X (PVX; Potexvirus s
Alphaflexiviridae $*)¥ Potato virus Y (PVY; Potyvirus % ; Potyviridae #-)*: 'z =3 ¥
(Nicotiana tabacum)® 2. ¥ 3 @ ﬁﬁ% B ER AP “,/TT K ﬁﬁ@t‘c)}d b 5> PVX if}?ﬁi RNA %
f# £ 2 i 39 (capsid protein, CP) & = :# & ¢ & % & 3 ** PVX H jh R 4 p# e (Vance,
1991; Rochow and Ross, 1955) - #2 @ » PVX/potyvirus {4 i % ¢ :}ﬁj{(ﬁ’!ﬁ&;{; BE TR &
FE ARG Mo L 4p g PVX & PVY ~ TEV & Plum pox virus (PPV) % I & % F1 ¥ 74
E(N. benthamiana)p » B pfictefyl » @ PVX 2 54 A2 L @p kgt = “$ TR R
kﬁ:j}%,—}; RAFE AL RAPRE 2t > { BEor 0 F A a4 7% 2 % % 5 B (Gonzalez-Jara
et al., 2004, 2005) = % Potato leafroll virus (Polerovirus % ; Luteoviridae )2 PVY %= 3
PRI A AR AT S R AR E B AL A EERT o A pd
2. %4 £ 1 & % ¥ £ B (Srinivasan and Alvarez, 2007) -

BEAR DA PVX iR & & potyvirus 22 g % 7 B > © § & % & potyvirus
v X & LT ¥ 4 (Prussetal, 1997; Vance et al., 1995) » @ izd F-v L1 % :}?r,‘fr 2
RSS © PPV 2. HCPro % i PVX {48 & JpF » ¥ £ 4 & PPV {c PVX 4f & & A P40 b s
Hc > % PPV HCPro % 134 50l it % % {8 (Leu—»His) > v T2 2 A FEBprdlan 4 > F
1 PVX i‘ ARV RS Ry Py @244 ]ﬁﬂi’( » kg7 PPV HCPro 2. £ F|# 2 drd] v 4
ts 4 iv* guz 2 B3 & & (4 (Gonzalez-Jara et al., 2005) -

LR AT G "I}%}” AF AP A F FRagre® L i CMV ¥ Zucchini yellow
mosaic virus (ZYMV ; Potyivurs & ; Potyviridae )4 & g % # J* (cucumber)cr%7 3 ¥

(Mochizuki et al., 2016) » a A~ & pt F i ¢ L A M B VLA CMV > 28 ZYMV 4 & B 4
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P B EeR A A% (immunohistochemistry) ¥ BLE I CMV & » A FF30¢ » ¥ g4k chik
% & CMV-HCPro £ ‘& F\a P (CMV A 7148 ¢ £ 35 ZYMV HCPro 3v )» ¥ /23] > &
7 ZYMV HCPro ¥ it %% = CMV & » A FIRen 42 ¢ o PVY-TOl & N. tabacum ® &
iv o 4 ¢ ar 4 #% ¥z (external phloem cell) > 28 @ %22 CMV-Pepo 4F & | 4% » ¥ LA B
AR RS EEDPVY o ¥ CMV-Pepo 2 2b (CMV 2. RSS)it {74! f?%‘:é-ﬁf
PYV-TO1 4§ & g % > PVY-TOl 2 » # i &2 ¥ jp b 4 pF & £ (Ryang et al., 2004) -
ERAP > FAVR 43 RAHE - fBpd St Y SwSFULA T v

& & ¥t Tomato spotted wilt virus (TWSV) % 3 $uft » 2R @ > 3 L & 4 Tomato chlorosis virus
(ToCV)eh SwS § 3ttt f8 TWSV 15 » ¢ % 4 2 420 TWSV 2 #ufts 4 5 fis fic(Garcia-
Cano et al., 2006) °

L o FSRFEA BATHES A RES ORSS B HBREE B AR 4 EH
# f jt e PI/HCPro & potyvirus 2. RSS » #TEV 15’24 ¢ & PI/HCPro 1/ 7|78 5] N.
tabacum 2 ¥ > I PVX #RBE L F e » VA2 B TEVAH SR 2Pl mf}%ﬁ:(Pruss et
al., 1997) - 41 * CMV-Kin 2b #& X F] N. tabacum i* 5 % 1 > 348 Tobacco mosaic virus
(TMV)p# » 7 i & 22 CMV-Kin i £ & % TMV ip e s fic » 8770 2b 39 Bst 24 T4
v & & 4 (Siddiqui et al., 2011) o & Sweet potato feathery mottle virus (SPFMV,
Potyvirus )¥2 Sweet potato chlorotic stunt virus (SPCSV, Crinivirus )+ F g 4 4 3%
(Ipomoea batatas L.) 3% % ¢ (Karyeija et al., 2000) » 7 54 ¥ Jpgt A P57 ¢ & 2 pjcs &
OB A ) SPEMV | 4 L SPEMV 4 385 4 B » T 7 4 St %+ 3 £ 19 2 34
#1 5 SPCSV Rl 5 i A 38 Ui o § = F P PR AFLSPEMV 4 & kv > g+ F #
eSS 2 HHRE T IR g > P A skt (v P j;,\;ﬁﬁgé—‘g & ¢ 1 potyvirus

(Syller, 2012) » *t g~ 47 ¢ BI % 3/ §[ 25 » SPFMV sz 4 RNA * t5 2 + 2 o @ @2 4 ¢
4
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Ao bAF &R % ¢ SPCSV 573 & # 6 Ty L 3000 b cnfi e w8+ F]p 74 2R SPCSV
T AR S Prd] 0 F A SPEMV 2 4t 0 A Bl A R F L ke Tl AR
‘b5 @ SPFMV £ 3 { 4 e (- (fitness)(Karyeija et al., 2000) o {5 38 $ ¢ # SPCSV ¢
RNase3 # 7 F|#2 SPEMV 2 4 2§ % 4 » & % f = RNase3 & 7 RSS # i » 7 fo b fh FliE
P ¢ #45 SPFMV R 2 AF & g 4 SPCSV FAp e el » AT RNase3 et 4 i %

¢ w4t & ¢ (Cuellar et al., 2009) °

14 & fisomd 2 EFRnd

rr.b

Wime A2 ERGARTS > FIZAM2 A2 F LR R > 4o L B EHRT 'HH 8

/}’Fﬁ'ﬁ%—l,{ii e |§%lb s %":—— B F.%:/?]'L._a_; Mz KXz o ]Lk.?:ﬁ 4 K}%F‘T'ﬁA\L{ Ly
FoERETAAS AN TAAY AN, FEBEALL L] REASEULRL

FRAEPREHL - FIXBAL AR T HE T A pk £ 3RS G A0k
F2BREPMPAENRE  dre @ARTERFATE RERFISRE T pE pT
ZRip- EAFTEREFE Lo HenpRoo pRFIfRpID 2 ARE Nk LA
F 4R & friddy F O (reverse transcription-polymerase chain reaction) 2 #o4¥ i B 9= 3% 4t
Wit T4 feiRl 0 FEIRRR * B4 A7 2 & (Alietal, 2014; Lee and Chang, 2006,
2008) -

i im o

*114

RS> 2 0F 5@ epd TR A EN T PO icafa > £ 9 1
:I/;‘afr (Odontoglossum ringspot virus, ORSV) % & %ﬁﬁl & ){’;‘3* (Cymbidium mosaic virus,

CymMV)E # L2 2 g3t 8 KL 6 R AR Apd 4l 7 i LEF - &

5
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AR AR > P02 F b B T B LR T @ 4f2 T & (Zettler et al., 1990;
Wong et al., 1994)

ORSV %4 # + % Tobamovirus % ~ Virgaviridae #2_ i+ §, ¥ % RNA :}ﬁa%(single-stranded
RNA virus) » J# 33 & 5 f55% > 2 /2% 18 nm > £ & & 300-310 nm (King et al., 2011) °
AFIME R X 6.6kb - 5345 Cap Hig ~ 3754 5 tRNA-like #£i¢ - # 7 4 1 open reading
frame (ORF) - ORF1 §= ORF2 % pl126/p183 4§ @ fi*x (RNA-dependent RNA polymerase,
RdRp) » ORF2 ¢ ORFI i i readthrough i v% 2 4 > £ pl83 %+ ; ORF3 5 # & #-v
(movement protein, MP) ; ORF4 3 i 3¢ (capsid protein, CP) - ORF3 ~ 4 i% i =t & F|4
RNA (subgenomic RNA) % 3 o

CymMV 4~ #g v & Potexvirus J ~ Alphaflexiviridae #2_ & F ¥ % RNA :}ﬁ‘r,‘fr J :}ﬁ‘r,‘fr 3F
AR S Sk B 13nm 0 & & 5 470-580 nm (King et al., 2011) - A F]H8 £ & 9 6.2
kb > 5’5 5 Cap #3¢ ~ 3’34 5 poly-A #i2 - # 7 5 i ORF - ORF1 5 RdRp ; ORF2 1
ORF4 3 triple gene block (TGB) » # it » 85 i3> 6 4p 4 39 ; ORF5 5 CP - 2 ¢ ORF2
I 555 AT RNA £ o

ORSV At vt A4 mffisf‘ﬁts 3% B 5 (ringspot) ~ 4% X (mosaic) ~ B (mottle) ~ #2

% % = (chlorotic streak) ~ 7= ¢ % za(color breaking)£? # J& (necrosis) % o CymMV fjf =t %
» BR AR 402 ¢ Hop s Bh(spots) ~ HoR % ¥ (line patterns) ¥ % o § ORSV £

CymMV Fr FFR 4 3 - fEFRPF > T B AL € eyl o (5%, 2006; Koh et al., 2014; Pearson and

Cole, 1991) -

15 W APRTHFL P D

ORSV & CymMV 3 il enE &% » 7 5 447 £ B A1 i 5 e 5

6
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o RE MRS T 2Tk o KA o BN HA L WAL RS EY LRI e

o BE ARG 1998 F Hu % 4 1% 3 fs 3 2 s & 8 T &L {7 (Dendrobium spp.)

@i?%ﬁ.ﬂ(??sb"’; ’?#ﬁi—%é"r'—r/\] Pf’Eé;—F'&——‘!?-IE#/Pf:&]FE%’ é RNA—L,J %p
TSRS AEREALT R~ fRRNAGRFEIDF A HA HIBR 0 WRIT

:}%i eNpF Y 2L 77 3% % (Hu et al., 1998) -

ﬁe PROFFE BRI ER L33 H PR 4 e > 2005 £ Ajjikuttira % 4
LB R it 4 8% BT - JI A FH T LR ORSVMP & CP 2
CymMV TGBI1 & CP > B|3# 7 F 57 ORSV 2 CymMV )J% RERWH P cffdoa 4 o B
%37 0 ORSVMP # % i3 (BB & 4 Pt R4 » 7% % 4 $)° CymMV TGBI

BAFES Y PR BG4 o g B ORSVCP 4 2 4 (R

ﬁ\%

FAF VR RHE o B2 AAESE) CymMV CP # A Flie &2 w 4R & s
#H#oii 4 5 CymMV TGBI # % 4 (R EE &4 A > £ % B4 ) ORSVMP #
AFHE Y TRl B 0 e E AL CymMV CP # 4 :f}%i (ERET R+
A B wme B AE)ORSVCPEAFES P » 2 v wme A d » {73 kg
RIF|H o+ RNA > R m BT+ BAEES > B2 W RAEL H TR CymMV 54
SR B WARBE L CymMVCP&# % ps4 @iz A2 Ak #51 L 0nge
CymMV CP # % ;13‘54 » X5 # ORSVCP #r& § ; d &4 CymMV CP 4 % :){;\‘s% gl
ORSVCP #E A FHES P FPjr 5P » v I ZEA T Y > a2 2 24 (R3] CymMV -
AT 5B 0 ORSV 4o CymMV ehMP 22 CP > # i F 7 i B 4 5 fBALR e 4 (5%
(Ajjikuttira et al., 2005) -

% E R AT B WY N benthamiana ® 3 3. > ORSV &2 CymMV >t N. benthamiana

R EMY LR AR AL T ERES (> CymMV P £ > £ @ ORSV
7
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T Al R4E ﬁa‘%—fﬁ /% (agroinoculation) & p¥ & 8. ORSV & CymMV 2 TGBI > *t & ¥
P RIT B HORSV FHFE AR CymMV & ORSV 2 pl26> » ¥ afEE v i
RIZIPF H CymMV R4 £ o & GFP 2 FI 3¢ pI3& pl26 &2 TGBI1 2 7k Bl Bedr i i
40 F IR pl26 &G AF|FEERMHN 4 0 a TGBL P E 0 4= 483k CymMV 2 &k p ¢
pl26 2 A FlF prilac 4 > @ ORSV R|i% i TGB] ez fa ¥ + EEF R dw 4 - 3

1§ pl26 e B 7 i % (domain) A ] ek FlHE B Fr Al 4 o - pl26 che B A A B
AT A TFIEERPrG G 4 PR F R B RBPE SR BT PFE CymMV £ B £
oo 4 fik i CymMV EA] o 2 2 % 877 > ORSV & CymMV * 38§ ¢ (5% B4 4 ¢
oo BRI G B AT F BRI 4 AR 4 2% 5 B (Huang, 2014) -

AR WA A Y N benthamiana # 2_3#% © F] 5 CymMV *vw A 22 3 # (R4

W P FE A R)E R A I, > Fl %P 5F £ 453 CymMV £ 3| ORSV
Fescmg > wH I TE P
1. % ORSV  CymMV R H E 2 B F

(1) CymMYV £ ORSV 3-¢ % 4R » L@ CymMV 54 & #

(2) CymMV 2 ORSVAH & & % » BB - 253+ I f
2. BB kg4 A FlEFRIr§| 3 H CymMV 4 £ 2 B 5
3. BB ORSVE CymMV Lg% > 27 k4 & CymMV 4f & B $Brent s 5 8

-
4. BEF b ops A TR L3 EaE CymMV 2 kot g 3

HEHEEFEATFHFEFL 5 CymMV & ORSV & H s «‘},iifriif T % 1O AeBRfE

d L Wenphd (Fr 2 S R RS TTR T 2 AR
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2. ek

2.1 R %8244 > ;¢ (Plant material and growth conditions)

1B B 5 FE # ¥ (Nicotiana benthamiana)% GFP # £ ¥1[f] £ # % (Nicotiana
benthamiana line 16¢)(Ruiz et al., 1998; Voinnet and Baulcombe, 1997) » #-H £ f&> £ B 16
| B (3,000~3,500 Lux)/2. % 8 /| B+ TI9E B X 25°C2 52 ¢ o fidE8H 25 (8 Y
N E)FFIE T38% o RNA A FIEFBRIrdla 4 32% 7Y 0 515 284 30~35 % » &1 g i
BT E R 4 22°C2 B E ¢ - X [EPB 16 -] F5(3,000~3,500 Lux)/2 & 8 -] p¥] £ A
NP TIHERG25°CLETY IR Ao L0 R PN 0 S %

LR SRS L R B U

22 JEFHWEAHE (Plasmid DNA mini preparation)

& 5 F A2 < % 1% F(Escherichia coli, DH50 g XL1-blue)3s &% SmLLB 3 & &
v b i BER 2 it F (B % kA 50 ppm kanamycin & 100 ppm ampicillin) » ** 37°C#3

£49¢ 120 225pm R 4 14 3 16 ) P o

% P& FavorPrep™ Plasmid Extraction Kit (Favorgen Biotech Corp., Taiwan)2_ = j# i& {7 7
WMEAE  RomprfRs bk 1.5mL #cg 4§ 2 K% > 8T 17 13,000 rppm
(Sorvall™ Legend™ Micro 17 Microcentrifuge, Thermo Fisher Scientific, USA) » &t~ 1 &
48 > 4v » 200 uL FAPDI buffer » #-j5c i ﬁ?ﬁﬁ & 5 £ 4v > 200 uL FAPD2 buffer I “v & R
& FRENFR 23 448 £ 4> 300 uL FAPD3 buffer & “o 28 & > 87 2 13,000 rpm
B 5 A 4B o Bt /%‘/ﬁff"» FAPD Column ¥ - %87 13,000 rpm &g 1 » 45 ; 2 “f

o
i -+

collection tube jjg ;% > ** FAPD Column * 4c » 400 uL W1 buffer » $ % 2 » 4575 >

i

9
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13,000 rpm 3o 1 & 45 5 2 f collection tube jg:% ° ** FAPD Column # “4c » 600 uL. Wash

buffer > %8 T 13,000 rpm . 1 » 45 5 2 "f collection tube g% 5 % & ™ 13,000 rpm .
3 /w\ﬁ_‘,%i FAPD column ¥ # 4% %8  #- FAPD Column ¥ *z 3|77 1.5 mL fic & 3= ¢

¢ 5 i 4 x50 ul 60~70°C= =k (ddH20) » $ 5 2 A48 > 28T 13,000 rpm & 1 A 4

fck 77 DNA 2 Jgig i * o

23 Y &FH % # (Plasmid DNA midi preparation)

+ 3 B2 < % 4% F(Escherichia coli, DH5a 2 XL1-blue)#: & *+ 50~100 mL LB 33

AR e rFRIERZ A (B K ER 50 ppm kanamycin & 100 ppm ampicillin) > **
37°CH % 5% 72 225 pm BFEE 143 16 pF o

% P Geneaid™ Midi Plasmid Kit (Geneaid, Taiwan)2 = % i& (7 FRE W & > 420k §
fo 1 e 40 mL o A S Hem K G B0 SOmL dte F 2 A& 28(4°C > 6000 xg 0 15 A
48) > 4¢ » 4 mL PMI1 buffer ; #-0ik B @516 > v » 4 mLPM2 buffer & 2 2R & » # ¥
ER 23 44 5 F 4o 4mLPM3 buffer # L AR & > 3R T 02 8000 xg e 15 A48 o
SR It T 3¢ £ 2 5 mL PEQ buffer ;i £:iE 2. Plasmid Midi Columns ¥ - i ;248 p 2R 7%
LI A “ﬁ% ; %> Plasmid Midi Columns ® 4c » 12 mLPW buffer > & ;2% p 2X/n I ¥ 4 ﬁ? ; #-
Plasmid Midi Columns # % §¢7% 50 mL &t 4 > 4c » 8 mLPEL buffer » qcf p 2275412 g
s 50mL gEs g ¢ (79 8mL Jgik )4 » 6 mL £ [ fif(isopropanol) » “e &R &5 0 B
320°C k487 2 ) BFEL o B RE02 4°C 0 15,000 xg 0 s 30 A 480 B “,f, 7 TR o T e
%SmL7O%‘}E"]JJﬁ%“’*v:“#EFE‘J§’. BT o e 10 A4 %SOmLT&i}ﬁ.m?*{Ei, T R iz

30 & 400 b oo B ofs4e » 200~300 pL ddH20 W i3 itk 7 0 1308 R 2-20°Cok 4a o

10
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2.4 DNA % i (DNA purification)
%P QIAEX® II Gel Extraction Kit (QIAGEN, Germany):& {7 DNA % ¢ o

1. o %8¢ it DNA: #7735 P DNA ¥ &< 298>0 > B~ 1.5mLficg 4

\».:4

g (S 0 e 0 3 R ARAR (vol/w)2 QX1 buffer £ 10 pL QIAEX 1T » ¥ *+ 50°C-ki% H;
Povg o B2 4R QIAEX I £ 347 10 4~ 45 5 2 13,000 rpm &< 30 45 > 2
%J ‘)piil » e » 500 pL QX1 buffer ; 1 13,000 rpm &t~ 30 ) » 2 f 7 Fi 0 Ao x
500 uL PE buffer » & & ¥ QIAEX 1L ; £ = £ 4§ PE buffer /i< 2 5 12 13,000 rpm
s 30 45 0 2 “f_ ,Fi”if v 52 5~10 248 0 F QIAEX IT w2 £ 3w ¢ & > 4 » 20
uL ddH2O * #38 QIAEX II i 2 &5 > »% 50°C-Rigp @ iv* 10 4~ 45 ; 14 13,000
rpm s 30 F) > #-7 F DNA 2 F 5B AT .S mLicE e g @ -

2. d B it DNA C 4 » g 3 3842 QX1 buffer 22 10 uL QIAEX 11> *+ %
BT 2 8RF QIAEXT: 15 A4 14 13,000 pm dtes 3045+ 4%k 1
i%e » 4v > 500 pL PE buffer » & &5 QIAEXII ; £ = € 4F PE buffer 24 28 5 1
13,000 tpm & 30 5 > 4 % b i > b gz 5~10 A 4b > % QIAEX 11w & v 4
A o 4r o 20 pL ddH20 # #58 QIAEX I # 2o g% > >+ S0°C-kip g @ 1% 10 »
& 12 13,000 rpm 2o 30 45 0 %5 F DNA 2 b i 4 3 4740 1.5 mL #cR 3 3

v oo

2.5 ¥R (Plasmid construction)

2.5.1 pBIN-ORSV-D22 2 pBIN-CymMV-D22

%] pBIN-ORSV-Rzh-9-1(Huang, 2014)fiz ~ » #&ig12 & » PCR (inverse PCR)Z ",% ?Lfffﬁ #

11
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2P R 7] i kH ’]‘#:}ﬂ"/\ﬁ’i 2 F#82 ¢ o 12 pBIN-ORSV-Rzh-9-1 & 4= » % 31
+ ¥ M13F 2 ORSV-D22-R i& {7 F & fi=:8 4f & J&(polymerase chain reaction, PCR) » ¢ 7 1X
Optimized DyNAzyme Buffer (Thermo Fisher Scientific, USA) ~ 200 uM dNTP (Promega,
USA) ~5SuM & /F & 513 % ~ 5ng F 48 DNA ~ 5 U DyNAzyme Il DNA polymerase (Thermo
Fisher Scientific, USA) » 43 i% i 5 94°C/2 4~ &8 H P57k » 94°C48/30 § ~ 55°C/30 ) ~
72°C/2 & 45 > 30 @ VAT > 72°C/5 » 45 8 ./g]'Iﬁz o # PCR & 4 ** 1% TAE agarose gel » 4
o 7B~ 1.8kb 2 P RSB » SiERR S 18 4o » pGEM®-T Easy vector (Promega,
USA) DNA > 2 T4 DNA ligase i {7 ¥ & » J&[1X T4 DNA ligase buffer, | mM ATP, 5% PEG-
4000, 5 U T4 DNA ligase (Thermo Fisher Scientific, USA)] » £ 5 7! pGEM-ORpBIN-5" © 12
pGEM-ORpBIN-5" & 547 » f1* 351+ $ 35S-R 2 ORSV-F1 i& {7 5 » PCR (inverse PCR) -
=3 % 22-nt 2_ 2t [Iia:i % 7] » PCR ¥ Ji ¢ % : 1X Phusion HF buffer (New England Biolabs,
USA) ~ 200 uM dNTP (Promega) ~ 5 uM &t /F = 51+ % ~ 5ng % DNA - 2 U Phusion®
High-Fidelity DNA polymerase (New England Biolabs, USA) ; 43 i * 2 98°C/30 #; ¥ i
T > 98°C/10 §y ~ 55°C/15 §5 ~ 72°C/3 & 48 > 30 B 7k » 72°C/5 ~ 455 YATk - 'S p 3= &
(self-ligation) 1 # # 1 pGEM-ORpBIN-5’-D22 - #- pGEM-ORpBIN-5’-D22 £ pBIN-ORSV-
Rzh-9-1 12 Kpnl 22 BstZ171 i * (& » ** 1% TAE agarose gel ® 4 3 & %|*7 B~ 1.8 kb &2 18
kb ¥ ERiEFHRS > RSB 7HREF R ’ﬁ pBIN-ORSV-D22 - 5:% PCR #1 &
42 B RIS TR R

pBIN-CymMV-D22 12 }F it 4p ¢ ¥ B ‘fﬁ_;ﬁi ° ‘fﬁ_;ﬁi %> pGEM®-T Easy vector & » 17313 %}
Cy-AhdI-F 2 Cy-AhdI-R ¢ pBIN-CymMV9 (Huang, 2014)#§# ! 2.7 kb % £ (extension:
72°C/3 # 48) o ¥ 4 1) pGEM-CypBIN-5" 5 12 g 5 s » n0 51+ $F 358-R 2

CymMV-FS it {7 inverse PCR (extension: 72°C/3 4 4&) » 2 f 22-nt \,’}{;«,4 7 f?:m 4
12
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pGEM-CypBIN-5’-D22 - #- pGEM-CypBIN-5’-D22 ¥ pBIN-CymMV9 12 Ahdl it # & > *¢
1% TAE agarose gel ® 4 3t » ¥ &2 %> B~ 27kb ¥ 17kb F B (TS » T X {5878

EF ﬁ pBIN-CymMV-D22 - 51 PCR #72& 24 2. % B39 T 5 Fad ©

2.5.2 pCymMYV-Spel & pCymMV-CP-Smal

» #-Smal *7 =3 A 2 CymMV # F-d 22 ORF > i £ 546 » eGFP A 73054 £ 5
e o ¥R A pUC-CymMV9 (Huang, 2014)* 12 8 &R it 2. Smal *7 =4 fﬁ_ o 12 pUC-
CymMV9 & #4F > i * 31 F #f CymMV-CPF2 % dT-Spel-Sbfl » 43 %) 500 bp * £ » PCR
i+ 5 1 1X Q5% Reaction buffer ~ 200 pM dNTP (Promega, USA) ~ S uM It /F w313 %~ 5
ng %% DNA ~ 2 U Q5" High-Fidelity DNA polymerase ; #3 i & % 98°C/30 #, # % >
98°C/10 45 ~ S5°C/15 4y ~ 72°C/20 #; » 30 B Jg 5 > 72°C/3 AdsH TR o 3 1.5% TAE
agarose gel ¥ #-PCR A 4 &4 3 s it P &5 £ > B3 1 2 DNA 12 Hpal & Shfl it* >
R {833k Y B DNA ;S 5 Hpal 2 Shfl i 2. pUC-CymMV9 B3t 0.8% TAE agarose
gel ¥ A BT B Okb 2 B BRI 1 > 4o~ B R B LR EF AT 2 DNA > i 74
&5 iR 1 pCymMV-Spel -

L pCymMV-Spel % 45 » @& * 513 ¥ CymMV-Smal-F 2 CymMV-Smal-R # % Smal
7 =% CP 2. ORF ¥ » 12 Q5% High-Fidelity DNA polymerase (i i 4=} )i& {7 inverse PCR

(extension: 72°C/5 4 4&) » ¥ 3] pCymMV-CP-Smal -

2.5.3 pCymMV-eGFP %2 pBIN-CymMV-eGFP
& #-eGFP 3 I 4v » 1,;‘5* A F|4 ¢ > 11 pGR-PiVXS-EGFP(He, 2012) & #-47 [3% & 48
1 eGFP A& 7 & p pKGWFS7 % # (Invitrogen, USA)] » & * 313 % eGFP-F % eGFP-Avrll-

2An-R 2 Q5® High-Fidelity DNA polymerase i& {7 PCR (extension: 72°C/30 #;) » #- 752 bp
13
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& $ % 1.5% TAE agarose gel » 4 33 & (7348 % v o 2 pCymMV 3 47 > @& % 315 4
CyCP-2Ac-F 2 Cy-Hpal-R i& {7 PCR ¥ J&(extension: 72°C/15 ;) » #-238 bp & 473> 2%
TAE agarose gel » & 3L 8 (T4 1L o Bt it fadh it A 4 ﬁr’f? 10 & 18 » 12 1:] ¥ FR
& » & * 513 4 eGFP-F 2 Cy-Hpal-R i& {7 £ £ PCR (recombinant PCR) (extension: 72°C/30
#)) > #-A 47>+ 1% TAE agarose gel ¥ 4 &t » *» B~ 974 bp 2z DNA 7 f > T 87 L o

v zo F B Sacll 8% 7

BITRRM IS S B FER T & B[1X T4 DNA ligase buffer, 1
mM ATP, 5 U T4 Polynucleotide kinase (New England Biolabs, USA)] o & {& » #-A 4 22 5 iF
Smal % Sacll g2 2. pCymMV-Smal & {742 & & » 15 11 pCymMV-eGFP -

™ BstZ171 2 Hpal g2 pCymMV-eGFP %2 pBIN-CymMV-D22 » 4 %|3t 1% TAE
agarose gel ¥ 4 #2.6kb 2 & 17kb A4 » & § & {74 & F i ¥ 7| pBIN-CymMV-

eGFP -

254 pCymMV-eGFP 2_if 3¢ N3 R ¥

P LEA A UERY FEA e A “,fﬁ.“ Tk FlenfEiw > F 2204 CP ORF 2. N 23
PERERIEFRE  REEZCPNZAEAPRAEGET v ™% o 2 pCymMV-eGFP 3 #4 »
A w| @ % 515 % CymMV-TGBIF2 2 2A-CyCP-GP-R ; CyCP-GP-F % Cy-Hpal-R » 12 Q5®
High-Fidelity DNA polymerase & {7 PCR (extension: 72°C/1 %~ 4 & 15 #)) > #-A& $3* 1%Z%
2% TAE agarose gel » & s > & WA 3315 2kb 2 200bp 7 £ » T8 748 A 1L o B+
A S AF AR08 0 2 L1 FR 4 > @ % 515 $ CymMV-TGBIF2 2 Cy-Hpal-
R i 7 £ 2 PCR (extension: 72°C/1 % 4&) » #-& # 3% 1% TAE agarose gel ® 4 &t » 7 B~ %) 2
kb 5 BT o 12 Nhel 3 Sacll G255 A4 » T304 7% ¢ i DNA ; 12 Nhel %
Sacll g2 pCymMV » #-# 3t 0.8% TAE agarose gel ® 4 &t > 7B~ X Tkb 2. ¥ B (7%

14
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LN —“Ff #FERE 0 #1) pCymMV-eGFP-CPC? 12 BstZ171 %2 Hpal FJ2
pCymMV-eGFP-CPS? 2 pBIN-CymMV-D22 » ** 0.8% TAE agarose gel ® 4~ %] A 355 2.6 kb
2 17kb A4 » 273 & F & ¥ 7] pBIN-CymMV-eGFP-CPC? - ¥ — CP % #4k114p Ip
GREFHEA A CymMV-TGBIF2 2 2ACyCP-ES-R ~ CyCP-ES-F # Cy-Hpal-R

{7 PCR & Jo(if # 4t i) » ¥ 44 71 pCymMV-eGFP-CP*S 2 pBIN-CymMYV-eGFP-

CPES -

255 #% £ 2 pl26 # it & H “ ORSV F-¢ # 3 >¢ binary vector

14 pBIN-ORSV-Rzh-9-1 % #9 » f1* % | 513 #3817 PCR 4%3 P & % £ p126-MN;
513 4F ORSV-p126-F1 2 ORSV-p126-Nonl-3'## ; pl126-NiNz & E 12 31+ %+ ORSV-
p126-Nonl-5'2 ORSV-p126-Nonll-3'# 3 ; p126-NH £ 14 513 ¥+ ORSV-p126-Nonll-5’ 2
ORSV-p126-R2 #3# ; pl26-MNiN, # £ 14 31+ #F ORSV-p126-F1 2 ORSV-p126-NonllI-3'#
# 5 pl26-NINoH % £ 02 513 ¥+ ORSV-p126-Nonl-5'%2 ORSV-p126-R2 43 - (i * Q5®
High-Fidelity DNA polymerase > extension: 72°C/i&#3 % I & & > & 1kb % 30 #)) o = =
{8 » 12 1% TAE agarose gel 4 33 & (7 % %4 i ~ B Y & i > 4o » 7 L iJZ B Smal
% 3 gips it & J&[1X Antarctic phosphatase buffer, 5 U Antarctic phosphatase (New England
Biolabs, USA)] T 5§ % it 2_ pBIN61-myc-ko (Huang, 2014):& {73 & F J& » ¥ 3| pBIN-
MN;1 ~ pBIN-N1N2 ~ pBIN-N2H - pBIN-MNiN: 2 pBIN-N1N:H > # C #4354 3R c-myc
(EQKLISEEDL)% ko tag (WTMMDGEEQIEY) » & 3= i @ * o

12 pBIN-ORSV-Rzh-9-1 % 45 » # ORSV 2_# # F-v (movement protein, MP) ¥ £ 12
513 $f ORSV-MPF2 2 ORSV-MPR2 ## ; ORSV 2 CP ¢ CPF!%4 2 £ 12513 44 ORSV-
CPF1 2 ORSV-CPR-nonStop ## [ORSVCPF'4 2 g d pORSVE'"4(Lin et al., 2015) ¢ #%

15
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¥]- ¥5+ 1> 2 17 3] pBIN-ORSVMP ~ pBIN-ORSVCP 2 pBIN-ORSVCPE!A .

2.5.6 :!é—:)l%:i A FlEeedri|+ ﬁ.ﬁ*’:‘ binary vector

A& 3 # TuMV HCPro ~ CMV 2b 2 PVX p25 £ #** pBIN61-myc-ko ; PCR ##§ B 1%
4o @ TuMV HCPro M 51 % ¥ TuMV-HC-F1 2 TuMV-HC-R1 ¢ p35S-TuMV-27(Liu et al.,
2016)¢ #3 ; CMV 2b 1431+ % CMV2b-F 2 CMV2b-R ¢ pBIN61-2b (Department of Plant
Sciences, University of Cambridge, Cambridge, U.K.)? #3# ; PVX p25 12 51+ % PVX-P25-F
%2 PVX-P25-R3 4 pGR106(Chapman et al., 1992)¢ #3 -

% 2 f 3l 3 4P 4R B2 PCR 453 18 > 12 1% TAE agarose gel » 3t > £ % i& (77
R0 S pERL Y K RS > BT L AR R Smal 3 2 ALY F BT 5 S 1Y 22 pBIN61-myc-
ko it {74 & F J& » 8 3| pBIN-HCPro ~ pBIN-2b ~ pBIN-p25 > # C 3454 I c-myc % ko
tag > #-F-9 B p[R¢ * o pBIN61-pl9-myc Bl d +F 2% % ¥/ w4 £ #& ix(Liu et al,,

2016) -

2.6 B 1% Fiisdiz (Agroinfiltration)

2.6.1 Bix w2 @ # (Competent cell preparation)

- 4% F(C58CL) %+ 2% 7 10 ppm tetracycline 22 LA 33 % L ¢ - 3t 28°Cx % 2 % >
SBH - 4L SmLLBE &R > 1128°C 250 pm B3 % 16 pF 5 #-2mL
e r SOmMLDYT 2 %% ¢ » 2 250 pm 2P % I ODgoo 0.5~0.6 (4~5 /| B¥) = 12 3000
Xg o 4°C» 4 S A 4R 4Rt o 4o 10mL 2 0.1 MMgCl » # FRE % o7k
FEE 1R NppRFERHS 3 “,ﬁ%i gk ¥ 10 mL 22 20 mM CaCly £ =¢ #-
AR 2 WG c WEwakimzmre i E F 100pL A %0 REF 42 0 B

16
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80°Cif 15 °

2.6.2 1% #F#& 3] (Agrobacterium transformation)
i * gk 2% % (freeze-thaw method)(An et al., 1988) @ P~ 100~500 ng 2 5" %8 DNA *c
BT im0 kAR S AABLS 0 R EF A F 304 0 B 3TCERILS 4B A~ ]
mLLB # %% > 2 28°C ~250rpm B F 3 % 1~4 -] pF o 12 7,000 rpm #rw 2 4~ 48 > 2 5
iRt RFAM 0 TR HFF 5 10 ppm tetracycline + 50ppm kanamycin 2. LA 3 % & > %

28°CP &% 2~3 % -

2.6.3 J 1% Fii s+ (Agroinfiltration)
FEER NS BB HE - F7% 2 colony PCR AR E B FAF 7 P HF4E > 2 7

¥ %> LB # % /% (50 ppm kanamycin) » 28°C ~ 250 rpm & 3% % £ 16~18 ] p¥ o B ik @
Seox 15 B HT-80°C (§ 40%4 ) > % F R T o

FXFHRDEAE T R R ORERE-80°Crk F5 2 F4E% 4> 10 ppm tetracycline +
50ppm kanamycin 2= LA 35 % 3 » & 2 X 4 £ N EFE > 4IP2 £ %30 LB # %% (50 ppm
kanamycin) » 16~18 /| BF{s » &P 11T H ﬂ?@l% R

PR 1 5,500 rpm Aes 3 A 4E 0 2 f b ik 6 12 1 mL MMA buffer (10 mM MES, 10
mM MgCls, 200 uM acetosyringone, pH 5.5)f& i¥ s » 17 MMA 3 B3 #7F R R {5 » #FE
BF B % (50 pm) o &7 F I E 1 (induction) 2~4 /| PF o MR IEIR BT ST KR L

oo R ImLL B F(RSTIRSRER S TGRS SR Y

Jk B 34 B 2 ODgoo (optical density) ¥ » CymMV 2 Hip Rl g A HE 4k 5 0.2

ORSV 5 0.3 ; v &% 4 WA S 035 ii‘%ﬁiﬁ%%?%rﬁ N RS N P
17
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ODgoo & 0.5 ©

2.7 #.% 2> RNA % 2 (Plant total RNA extraction)

% P& Plant Total RNA Mini (Viogene, USA)2_ = ;2 & {7484~ > RNA 5B~ B~ 0.1~03 g
oo R AL F BRGS0 Bl 1L5mL B 4o F ¢ 0 4 r 450 uLRX buffer -+ B30
3 T B~ 48 4e » shearing tube © % 8T 12 13,000 rpm o 5 4 45 5 #x B~ collection tube ¥
Jaif TR & 230 L ECRIFPE 0 BR £353 2 /% 484 ~ Plant Total RNA Mini Column » % i§
T2 13,000 rpm Fres 1 A48 2 “,% Jgi% » >t Plant Total RNA Mini Column #r » 500 pL WF
buffer > £ ™ 2 13,000 rpm &< 1 4248 5 2 % Jgi% > *% Plant Total RNA Mini Column #v
» 700 uL WS buffer » % & T 12 13,000 rpm &g 1 £ 45 > 2 “,% ik fe g LAF - At
%2 Gi T e 0 13,000 rpm 3o 3 4 45 i 7 4 7. Plant Total RNA Mini Column 2_;%
B, 28 P “,ﬁ%'f & < ¥ ¢ > % Plant Total RNA Mini Column ' ¥ = prjc 10 4 48 5 #-
Plant Total RNA Mini Column # % #7407 1.5 mL #c& 3o ? » v >~ 50 uL RNase-free water >
FESALE > FETLI13000pm e 1 A4 B2 RRENKI B 5 AEDHRG

*+-80°Crk 44 o

2.8 F #E4FTrpE e E RS frédd) F B (Reverse transcription-real time

polymerase chain reaction)

2.8.1 DNA 4 'ﬁ (DNase treatment)
¥ 2 44 > RNA > %8 TURBO DNA- free ™ Kit (Ambion, USA)2 % i .2
DNA : P~ 6 uyg RNA » #v » 5 uL 10X TURBO DNase Buffer &2 1 uL TURBO DNase (2

U/uL) > 14 RNase-free water #8843 B 1 S0 puL > 2% ¥ 37°CF B 1] 7 5 F g =18 0 4

18
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»~ 5 uL DNase Inactivation Reagent » # [ 1 ~4gisicmif 2 » BF AR FKE 25 54
& 5 12 13,000 rpm s 1 448 > BB R 2 AT LS mL i e F ¢ 0 22 DNA 2

[ 923

5 -
2.8.2 F #&&F & (Reverse transcription)

%% SuperScript™ III Reverse Transcriptase (Invitrogen, USA)2. = j# i& {7 & 4k @ B )
8.25 uL RNA (DNase-treated)*r » 0.75 uL 2. 5 uM & & 51 3 (CymMV 2_ i ;g[ 14 50 uM dT-
VN)£ 0.75 uL 10 mM dNTP > + 65°C¥ & Ji S &~ 48 > = = {8 B 3h kb o

4v » 3 uL 5X FS buffer ~ 0.75 uL 0.1 M DTT ~ 0.75 pL rRNasin (Promega) ~ 0.75 pL
Superscript III reverse transcriptase (200 U/uL) » ** 50°C*® & & 1 -] BF » % = {811 70°CF J
15 A 483 ",% fif% 751 o 4o » 30 uL RNase-free water % 15 (% = " cDNA % , @#)%

20°Ck o

2.8.3 *pEZ & PCR F & (real-time PCR)
i¢ * StepOnePlus™ Real-Time PCR System (Thermo Fisher Scientific, USA) ; &%
Power SYBR™ Green PCR Master Mix (Thermo Fisher Scientific, USA) ; 51+ ¥ & % )k & &
0.25 UM » 4t » 2 uL cDNA ff-fie » 7 Jedliff 20 uL « PCR i% & 5 : 95°C/10 4 45 8
T 0 95°C/15 4y ~ 60°C/1 4~ 48 > 40 B ¥ %k o 7 =0 i * 2313 ¥F > §f °H i {7 melt curve 4
17 R A 2 B - Mo }?54» A E 4 AACE i 7 4p $F 2§ » 14 protein phosphate 2A

(PP2A) % % #24] & F)(Liu et al., 2012)

2.9 & * L 82 (Western blotting)

FEP~ 0.1~0.3 g {547 S g e i & AT 0 4o~ 2 B B fE (vol/w) 2. GUS extraction buffer
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[10 mM EDTA, 0.1% Triton X-100, 10 mM B-mercaptoethanol, 0.1% SDS, 50 mM sodium
phosphate (pH 7.0), & * @3 4c » 1 mM PMSF(phenylmethylsulfonyl fluoride)] - ¥ ;% % f# i
o B2 REY FEIRMI LS5mL fcd e g ¢ 0 12 12,000 rppm ¥ 4°CH e 10 &
& o P~ 60 uL 2.} ik 0 4~ 20 pL 4X sample buffer (200 mM Tris-HCI (pH 6.8), 8%
SDS, 40% glycerol, 4% B-mercaptoethanol, 50 mM EDTA, 0.04% bromophenol blue) ; 96°C »
B 10 # 48 > iy fs > P R AR AR T 2 R AL R O ERRAY T A
(sodium dodecyl sulfate polyacrylamide gel electrophoresis, SDS-PAGE) -

v 70 R~ 25 mA/gel ~ 25 4 48 4 # A3 5% stacking gel ¢ A o ?‘f«fi—?u 180 ik
# ~ 25 mA/gel & & &% separation gel (P %39 5 20~50kDa > & * 12.5% ; 50kDa 2 *
Pl * 10%)A 6 40~50 &~ 4802 & 3 -0 o = = & 32 polyacrylamide gel 2 1X CAPS
buffer (10 mM CAPS, 10% methanol, 0.8 mM DTT):x/¢ 10 %~ 48 > PVDF % (Millipore, USA)
11 100%® fgizie 30§51 > 14 1X CAPS buffer ;%7 5 4 43 - & * Semi-Dry Electrophoretic
transfer cell (Bio-Rad, USA)#-12 T 3= 5.d & @ F 3a3xc @ g A 5 (Ahlstrom Munktell,
Sweden) ~ PVDF % (Millipore, USA) ~ polyacrylamide gel ~ jg A % » & 2 A2 FF &2 24 §
7@ o 11 25 ki ~ 35 mA/gel #iF 30~40 4 48 o

% A HEF 2 PVDF %000 5% 45 4t 37°CT F s 45 A4 0 2 = 18120 1%% " 9 45
f# - =t F#Li[anti-ORSV CP: 5,000X; anti-CymMV CP: 10,000X; anti-myc: 2,000X (Bioman
scientific Co., Ltd., Taiwan)] » 3> 4°CF F R 16 /] FF » & 37°CT F R 45 b > B F Ui &
1X PBS-T buffer (137 mM NaCl, 2.7 mM KCI, 10 mM NaHPOs, 1.8 mM KH>POs4, 0.05%
Tween-20, pH 7.4)7 % 10 48 » €45 = & o = = {84 » 12 1%% g ool frf 2 = il
[anti-rabbit-HRP: 20,000X(GE Healthcare, UK) » ** 37°CT F Ji 45 & 45 > € 4§ + it PBS-T

buffer ;-3 2 o -5 & v “ﬁ% t4 » 23§ ¥ Immobilon™ Western Chemiluminescent HRP
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Substrat (Millipore, USA)i& {7 & Ji& » & * Super RX-N film (Fuji, Japan) i B[4 & 355 o

210 B2 3 848 (indirect enzyme-linked immunosorbent

assay)

FEBE 47 {5 > 4v ~ 10 B 48 4% 2 coating buffer (15 mM Na»COs;, 35 mM NaHCOs, pH 9.6)
R o MR B0 D AT 1S mL AcR e o g 13,300 tpm 3w 1 A48 > B~ 100 pL
PR 963 E(F BHRAL S 3 E4F) W 37°CT K 1] #3200 uL 1X
PBS-T buffer 7% 6 = > ™ §¢i& 4r » 100 uL 2%t #5424 (418 > 1X PBS buffer) » 37°C™ #
&30 & 48 3B 7 At Bt ggid de » 100 pL - = R [ARfE > EClbuffer » 2%
PVP-40k (polyvinyl pyrrolidine), 0.2% BSA (bovine serum albumin), 0.02% NaN3, in PBS-T
buffer » Ir & > 5227 - M2 FREF] - 37°CTF R 1P &7 dgseh I

* 3z {8 4v » 100 pL = =X 3148 (anti-rabbit-AP, QED bioscience Inc., USA » ﬁrﬁ 10,000 & >+
ECIbuffer) » 37°C™ & Js 1 /] pF ;i f7 b abjroeh 3 > »§gid e » B 4 i [1 mg 2 p-
nitrophenyl phosphate (p-NPP), disodium hexahydrate (aMERSCO);% f%** 1 mL 2. PNP buffer

(9.7% diethanolamine, 0.5 mM MgCly, pH 9.8)] » »* 15~ 30 ~ 45 2 60 4 4&.% 4% ODaos 3% & ©

2.11 2 $h ot s drer :)ﬁa-% RNA # 4 (in vitro transcription and viral transcript

inoculation)

2.11.1 Plasmid DNA E % {* (Plasmid linearization)
#-10 pg F 4 DNA > 12 0.5 pL Spel (20 U/uL)*+ 37°Cie* 16 - ¥ » 2 1% TAE agarose
gel 17T 4 > skfz2 it* £.F % 2> » /2idfé 1 QIAEX® II Gel Extraction Kit (QIAGEN,
Germany):& {7 ¥ it o
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2.11.2 # 34 ¢t &4 (in vitro transcription)
12 T7 RNA polymerase (invitrogen, USA)i& {7 2 §8 ¢t 45 > >t 3 B T /WA M T F B> 5
BE MM S0l -
- 1P~ 1.8ug E s DNA > & 7z 1XT7 buffer ~ 1 mM [ACU]TP (Promega,
USA) ~» 0.1 mM GTP (Promega, USA) ~ 0.25 mM cap analog (New England Biolabs, USA) ~ 5
mM DTT ~ 40 U rRNasin (Promega, USA), 100 U T7 RNA polymerase > ' RNase-free water
BEMMBE L 4l o R 5355 TR e 18> 0 37°CF 5 15 A4 o

F-% 4 GTPREXERZESL Z ImM BX¥HMA 5 50l > » 37°CF B 75 »

B~ 0.5ul 5 & A # & 2X RNA dye (95% formamide, 0.025% SDS, 0.025% bromophenol

blue, 0.025% xylene cyanol FF, 0.5 mM EDTA);® & {& » 3t 70°CK J& 10 » 48

» 11 1% TAE

agarose gel # AR RNA &5 o % = 2. & $ %15 37-80°Crk 4 o

2.11.3 1 y5# RNA #&-88448 (viral transcript inoculation)
B Bk AR A B4 » B A 22 2X GKP buffer (100 mM glycine, 60 mM KoHPO4, 2%
celite, 2% bentonite, pH 9.2)i& {7 #-{§ (Petty et al., 1989) » 7 # HIR £ & » B # G H>MHEF £

W o°

212 ™2 Pa},% .3_9_%‘2 B -'}ﬁs-% #44 (Virus inoculation by infected tissue)

>

=g

7}1—3’»&}}%&%‘« 02g* R fe g ¢ FE > 4v » 5B HMAH(vol /w)z 0.05M sodium

phosphate buffer (pH 7.0) B3t BpaE0 1 1.5ml ik SoE 0 FR T

13,300 rpm 3 1 A48 > B~y Fdi 0 R3p A PARJZEFRE c HIpE A2 Bk U e
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RIS PR BRSSP EHERE S ER AR AAHEL Rt R E
BMAERLE - FTREMLE > ELFL 20Ul 20 F celite fsH > E H 46 o

feop 2 K iR4eT D ORSV 2 CymMV 2 B 4% Fafdid 2 s FIEHTET - 52 1
H P4 E > ORSV % i pBIN-ORSV-D22 (% % #° %) ; CymMV % i pBIN-CymMV-D22
(* %7 1) 5 ORSVIPA &2 TMGMV (Yao, 2011) 12 5 4 RNA #4832 4830 3~4 % < 2 FI1E
FEE o EY T X S P-REAEE (ORSVEIOY A 5 < (545 B & 3L (TMGMV) 5 TuMV 2
PVX 4 ®]12 p35S-TuMV-27 H 4 2 pGR106 § 48 » — g &fE3 % » & & 10pug FH
DNA > 12> & celite £330 # 2 6 0 S0 3818 T X AFPosmfel B2 ) SeE o P2 E

BB~ 02g 18 B-80 kA K * o

2.13 GFP ¥ k&%
i % £3F;8 UV % (Blak-Ray™ Model B-100AP/R lamp, UVP, Upland, CA, USA) » &
£ 365 nm > " #iciz4p % Nikon D50 # iz Y2 (Tamron, Saitama, Japan)¥¥ POO (Kenko, Tokyo,

Japan)imsidp BB o R K PEFRE 5~10 §) > % B {/8~/13 o
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3.0 4 2 24 B FI5 ORSY &2 CymMV & G A th2 B
:;4, 4
AR REFREEY AR Y TT feds =+ B 2. Odontoglossum ringspot virus

(ORSV)pORSV-7 & # {415 7 +k(Lee, 2008) o 1 i 5 33 % 5 4 %5 ORSV b % 13F 7 bkt
5 35S e b o ¥ B 3R T (3-UTR)TS B 4o P po (ribozyme) i 4 41
p35S-ORSV-Rzh-9-1 » #c§ 7 4+ s 4 o9l % p35S F 4 DNA f:462 »<% (Chang, 2015) = &
FIt AR FdRfE2 7 R 2 817 0 F 4T § W % p35S-ORSV-Rzh-9-1 1 5.+ binary vector
pBINGI 2 ¢ » 1% 5] pBIN-ORSV-Rzh-9-1(Huang, 2014) ; j* ¢ » 4 i % £ 8 7L ¥ A
BT HE R A i’[}iiv% (Cymbidium mosaic virus, CymMV) > Tﬁiﬁi 41 T7 promoter 5% %> 2_
pUCI19-CymMV » 12 2 B reig * B 4% 74 B2 pBIN-CymMV9 (Huang, 2014) « 24 @ {&
pBIN-ORSV-Rzh-9-1 £ pBIN-CymMV9 2. 5°-UTR F #3575 22 B 24 Py 2 54
ARG ARLPILE 2 FMAT] > ¢ F 2 g MR UTR ¥ 2o 2 23 A7 § $3054 B
%4 2.7 ' (Turpen etal, 1993) » &7 3 ¥ 2ty 4 B 7% “,% » FBH R LA B R A
BAMEABREF I R o # % BN E % 4% % %2 (indirect enzyme-linked
immunosorbent assay, [-ELISA) i i :1,;‘5% B0 7 £ 0 B 5K o pBIN-ORSV-D22 ** 4% 48
i 6% 2 pBIN-CymMV-D22 * 454615 4 % 2 4 3 35 % 4t £ 358 ¥ 3 ** pBIN-ORSV-
Rzh-9-1 2 pBIN-CymMV9 (- ) » &7 % % 2 4 A 7112 i A 1LE 2 8 4 4 457
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3.2 44 R ORSV 3¢ H# CymMV R HFE 2 B

B b =gl o 3 L pBIN-CymMV-D22 1% 5 248k » & * B Fafiiz £ 2
Tomato bushy stunt virus p19 3=v P > 2 X p|§[etenfn 2 A P RCridme i) 5@ &
iR e ATig S i { Ao AR 0 @ % pBIN-CymMV9 % & 48 Jh(Huang, 2014) » & {7 B
s FEAZE £ £ E&-‘}?ai B 2 F % o

pave Z#EF ORSVplI26 v £ 3 224 CymMV % ## £ 3t N. benthamiana 6.4~ » % =
2 # i (Huang, 2014) > *% 7 04 §=vi 127 e BF R BT 2 ORSV 2 £ 3o (MP)£2 3 3-v (CP)
A EFH A CymMV 2 B & 5 AP R FEAEZ B LR CymMV & 1 i ORSV
B0 ECRBEC BRI CymMV d RAHE  BEHF o UF BETH LR R A
& J&(reverse transcription real-time polymerase chain reaction, RT-qPCR) i ;#] CymMV P #
RNA > #75 dZ¥ 5 £ 2R pl26 chew L3 F LR > £ AR MP 2 CPew|R %
(Bl= A); #m » 82282 AL CP 2. 253t RT-qPCR #& Bl ® » E ¥R e (EV)&E St 2 ¥
AR Az dhERERY Ff‘ﬁ-‘r AREEBHEHRBE(A DG FTHR) g g 3
% BL;x (Western blot)#& p] ¢ > “,f ORSV p126 z_ ¢t » = % 3. ORSV CP 7+ ¥ ¢ = CymMV CP
AHMEZHEA(B- B)e Pwe T CPHE-"Am2 R¥ € ORSV 4 4 3 N,
benthamiana ¥ % ¥l #5622 ic 4 (Linetal, 2015) » 207 f#:d =0 b Gk sviE B de i 4 & 4 2.
REEL EF BT 2 CymMV 2 23 08% o a2 NEFA TN % 0 FIR
CPH®A g CP & g2 42 : CymMV 54 RNA A2 Z ¥ L8 > e 97 i CymMV

CPwt 5 &= (Bl=)-
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3.3 ORSYV & CymMV *t N. benthamiana &tk + 2. -‘}ﬁ% k¥ Tk
ORSV & CymMV ** N. benthamiana % 2 F 487 ¥ ERt24 % » & CymMV % &
$ (Huang, 2014) « 57 f3 it} A g BEE 8 F 444 (67 0 B s R 4F
£ Ffa s -‘}]%i %t N. benthamiana » > I 1§ i?‘J—‘}fﬁ% % # £ o RT-qPCR % % &7 > ",f T odRfA

y 4

2%
(R4

N

[

AOHERLET CymMV R R F M E PR A BB T RS BA 2 AR
R k¥ L B(B= A) - 2 Western blot 4 45 I}%% 2R TR OBMAFLERL ST
CymMVCP % & K HE g 4 > ORSVCP A ER AP LR (B= B) - 27 %%
k257 > ORSV & CymMV 4f & & % N. benthamiana {6 }xpF > A3 % R L PRI R AT

Y 2 %% o3 2 > K ORSVE CymMV B E R fFE A2 B

4‘;3}

HER §.8 B

34 % & B2 ORSV pl126 2. & Fl#EF B yrd] it * P
m Ay RS R 0 ORSVPI26 & - AFIFBRFr4|F » Ra dd e Bra AN
Z JLPF > 3t ig GFP [fl £ # 3 (N. benthamiana line 16¢)® 2. £ ¥l B fr] it 4 ) 2 (Huang,
2014)c AT R0 R FUENA ZERTRE T ARAA R I PR T FE
WAITZ 2 2 ZBHN RApI RGN T]%”_:ﬁi NS5 e s pl26 v (Rle) o (7
N. benthamiana line 16¢ ¥ ik FlFE gk frd] i 4 pliE - % &1 - “ﬁ% T E 2 pl26 F el
AFHE2 4 > B2 e lhpl26 7o 2 FLBERSHHREA R > BT 3

pErAFIFERLL S (BT) -
3.5 ORSV & CymMV 4f & & % 2 fcBL R 2 % Suid s & i)

ORSV £ CymMV 4 & R 4 W - % » :}?ﬁﬁﬁ:’ﬁ { “4c pc & 4E % (Pearson and Cole, 1991;
26
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3%, 2006; Koh et al., 2014) » £t 7 f# & N. benthamiana » 2_%F 7 ¥ %1 }fiar‘f;:m [k’ )
AFE epeditniRf EFEPOFERBIBZLRBEE FRE2 Fto 2
b J* ORSVEIOA de & H 2> N penthamiana etk & et b it 4 chdd s > BB
CymMV 4 £ % Fé 0t % 458 8204 2] ORSV 4ot L3 6 3 7 b s & - AR

4 > ORSV B 4 N. benthamiana & ) e f8fs 6~7 X ¥ L k5t

ki
3
S
&
W
e
ki
_ﬁ‘\-\'
&
3

ORSVEI0A o CymMV % &2 & N. benthamiana © s 5ul3# 6 » B35 4pk » = k22t

BAEPEHReE(EE S REAZEF)RF > T A N IE (B S ) - ORSV & CymMV
Bt o %0 T2 273 % S A RAr ORSY M b %2 it 5 424815

F 10 23 ES P R i E (9 H O~ B A E)T Apas 2ARS R R 2k

ORSV H bR AP € A4 (BB 1523 L FEF(O% 8~12 57+ F

SH.p(B A) o ORSVFOA g CymMV 47 & & 42T » @ ek Sups icAi (B » ~ A) -

¥ Jp#48 ORSV & ORSVH A 2 B & @ @ Al > & CymMV RIF A 4 v Bh(F]

Isq

B)o @A E > 2ORSVE CymMV g &g %2 T » RAdv] 6 B¢ EHF T
Ao T HmBA S REF ERF IARE G Bm o A ORSVEIOA g2 CymMV 45 & B 40 ©
R e CymMV ¥ bRt 4 pF4p e chjic ] o BR(Rl- B) °

ROfRAF AR AP B opA L b kiR 1% LELISA #5815 8 15 X 24 £ %
ORSV £ CymMV 2_ {5 thit {7 i ] » B~k Bhr2 ORSVHCYMMV i Su 3 e 2 A% 50 Jie
e PR B enPip g HEY o BEET 0 4F £ R ORSV & CymMV & &l p
TR RN S PR fEthen A ALE P > 395 ORSV & CymMV 2 g % (% =) &7 % ORSV &2
CymMV 4§ &£ & 4P > ORSV ## 3 kst chic 4 2 % > @ CymMV PIJEE & Supb s & oh
iAo gt th s A oTHR Rl en 3 % ORSVEIOA 2 CymMV 4 £ B S fithe » 0 ks F ¥ A 1

]z ORSV & CymMV 5L > Biom a2 Bt de g S P 3ot A 4 44 5% (&
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Z)e

3.6 ﬁ:ﬁ CymMV%”E}F‘;i ¥ #-H 22 ORSV % 431
L7 f2 CymMV 35350 i g2 ) » ~F 2% 2% Minato % £ (2014):7 % -
RN =7 & R eGFP 2 CymMV g % [4:% 78 $A(Minato et al., 2014)(F] = & B ~) e
195 Minato % 4 (2014)F7 1 > 1% £ 4F 2 ¥ F-v = AL F|H¥ fcd + (duplicated coat
protein subgenomic promoter) % . sGFP » & fiot-Hp #FifAzy 82 £ o xp]d o
MEER > 2L FRF RANCP fah 3 B IS T 4 kA RRAT  HHFT T A M
PIAMV CP 2 5°24 30 5 A (f§ i CPN)ft & 3 sGFP 2 S8 » 9 1 R 4scifichs 3 B 51

(=% CPN) » £ 8 ) pLi-CPNsGFPACP ; 8228 ¥ fE & ¥ % » 2 FI3ZE 7 k4 > CP @

2 ARPHE > AR EAET G R &S &4 H 2A peptide # IR v 2 ok o

)

R

% 2 & % 13 78 $% pLi-CPNsGFP-fCP # 3 CPN R 7[* sGFP 2 N » 2A R 7| & # C

2

s F A g CPORE A B YL E B §F Lomd -

Nud

miEp]2

F_‘-

i',%’, s
PIAMV CPN 4 & 5| er0f-iw T (7] 5 pLi-CPNsGFP-ANCP & i ‘e B # #+) > #& @ % CP
ORF ¢ N A 7|ie 73 ex > EE U4F st o 287 7 F £ %3 pLi-CPNsGFP-fCP 2 %2
4 & pCymMV-eGFP » 7 %4 pLi-CPNsGFP-mtfCP 3 > 5% » #4415 48 CPORF 2 N
R 4 E Atk - pCymMV-eGFP-CPS? 2 pCymMV-eGFP-CPES(] ~ ) « pCymMV-
eGFP-CP" ¢ % f phec » "ok pe B 7|22 % 4 48 & > pCymMV-eGFP-CP™S p| ¥ %%
NCBI F #L E (accession number: AM236023.1) » § 3 &% iﬂ?ﬁ;ﬁ FIR T Bk DR T R
CP 2 # > q#-% - B(Gly)2 % ~ Bk (Pro) =% { #x 5 glutamic acid 2 serine > B~
o2 B TES, TR A Lirdy o AR A R %2 pCymMV-eGFP-CPCP | 12 9% 4

A rﬂhréﬁ& 7 |—GPJ T 7 o
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7 A HA D pCymMV-eGFP & ¥ 33 2 5 4 i £5-88 (viral transcript)i& {7 348 - 3 Rl %
# I 1 CymMV-eGFP #& &1 454815 5 X & N. benthamiana ¥ LR TP RS ¢ ¥ % > 2
HorZ 4 R 4 = Bh(infection foci) %> » 1 pg Jﬁai BT E P RAE YA L 12 BE
Foimgh) B R TR mER T SR ERA R AL o pa iR B
b R (VAT UADA TR A ARE R B PN B RN G ¥ AT
& i+ 7|=ciE 7% 3 binary vector (4 pBIN-CymMV-D22 & # 7) » #£5 1 pBIN-CymMV-
eGFP(Rl = ) > se M R Fiefaiz 2 5 7 &% -

#-pBIN-CymMV-eGFP % # 3| * Agrobacterium tumefaciens C58C1 ¢ » 1 B 1% Fi%
iz 2 IF kHA o R 34 AT LM REE NS ¥ L(BIL(AEV) . 50 fF
ORSV 3 it §T2% o % k54 #1814 g » ¥ CymMV-eGFP 2 ORSV 1 f. & #2482
Hle AR NN 4 X BRBERME o RSB 2 (CymMV-eGFP+EV) » £ % 3 ORSV
ZHBPIAERF LT Ao LA FEREN] RE(BIL A FHL6
T o PR REBI AT R AL ORSV R BRI mafFsd ¥k 2 7 A E AR

PS¢ F k> LI G TS AEFIRME 10X (R4 A)ed 2EIMNES{PHERRN A

% ORSV 4F & B % 0™ > CymMV-eGFP # £ 8L 4 B8 % 6 X 2 % 10 2 A g
HEARL B~ CO) e R B FREY o FENELE R YA ERE LB E PR G 0

Bffis 1424 @it h RERBIF LMK N7 FA) o 1 B RHT 0 &F ORSV
£ R %R T o CymMV-eGFP ¥ 45 8 B £ %% » fe &% # 80 5] 5 S0 o

4 i CymMV-eGFP 2 # % iz A W ¢ BB T2 2 5 I P i A 7158

1% 2. CymMV-eGFP-CP®’ 2 CymMV-eGFP-CP™ rijg > & e ¢ » 7 32 L 2

2 ABRE S 400 32 K LT A4 S4B ORSV efim ™ 7 L g 20 K SE > T flw B

& F e fEE -2 22 ORSV & & 33 N benthamiana - B ¥efdits % 7 % 2% B> CymMV-
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eGFP & CymMV-eGFP-CP® & ORSV i et © 122 ig » 7% » m CymMV-eGFP-CPFS g
AV G (BL) o 4w @813 ehd > CymMV-eGFP 2 CymMV-eGFP-CP’ &.¢2 EV £ %

RenEwd > E EERIINS F NI AER(B L) B CymMV &2 g 7 i

ORSV enfles iv v ig » 5% » e &5 ORSVE R R Lk n™ » ¥ LA ME EHRE > » &

&M
&
?‘Q{-

T AF % E 2. CymMV & 33K ¥ 12 iE ~ N. benthamiana 2. £ 7% » & & j* i E%

o,

AEHESFR 2B CymMV ¥ LA MPOTRBE 2 F L RF TR LR - BB
2 ORSVZ £ g# %1 & *ARE x40+ 7 inie CymMV-eGFP &2 CymMV-
eGFP-CP? # &> & ¥#%2 ¢ ; & & EV £2 ORSV & £ iR T » CymMV-eGFP-CPES %

BEENDERZY (B

3.7 ORSV 3#-v ¥ CymMV-eGFP ¥ st % 32§38
F kA o KEH+ 2 HBb 0 2 7 UE RRFRF LR A 15 55 (Brosseau
and Moffett, 2015) o *# 7 1 * B 1% F4&4d:% % CymMV-eGFP £&2 ORSV p126 ~ MP £ CP
BEE R BLERYEEIRZ A ‘% i RT-qPCR #2 Western blot 2 % * ¢ b TR Y
42% ORSV 3-v # CymMV % 4 £ &2 -
FHRRPL I HBEARZ R 0t BB - AR BRI 25 R

Eh

?\4-

FIa BBk L ORSV Preng £ B2 o 2fiis 4 % » APPSR E > &
pl26 chiewp A A A 3 ¥ £ € > MPRI®RM -CPEP LR £HiE6% > £ 4R
pl26 2 ¥ £ B v F 3 44 > MP RISV 24 ¥ LM > CPRAZ > HB (L - A a
£ A= a0 (PI26-MPHCP)» & fEis 4 X P AL B > A RBE 6 X 3 HRE - 4

{2 BB E AE 9 oo F B3 CymMV-eGFP # % 3 £% » » i&8{77 > E /T 62
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(B - B %8R “f E A ORSV gt ¥ R MIPATER > His wuliog iz
WER Y ELR I Gk UEL o
&R > X A IR ORSV 2 pl26 & CP ¥ ¢ CymMV-eGFP ¥ £ £ 3% > @

MP R] & b s sk o pbeb o g i CymMV-eGFP # # 1 £7% » H jph 4 3 pl26 ~ MP & CP >

H -

IR HEAR BRFEIH S SRR E ORSV 4 g % o

3.8 @Y R i 2 AFIERI{F H CymMV R £ et F

ARy 3ER 0 ORSV pl26 7 it 56 3 Fl#F & prdlic 4 - 2 2 &2 CymMV 2 [ e Bt
£ % (Huang, 2014) » 2t 7 f2 % £ 7 & - EF S S AvLopa A TR
(RNA silencing suppressor, RSS)eh13-¢ & {7 & L3 > ¥ L% CymMV i } ff i) o &4
7 & * Turnip mosaic virus HCPro ~ Cucumber mosaic virus 2b ~ Potato virus X p25 % Tomato
bushy stunt virus p19 & 7 @|3# > 12 pBIN-CymMV9 % z &4k o

% &7 0§ 2 RT-gPCR # Rl £ 7 F RSS %2 CymMV I}% A ERE
TuMV HCPro » CMV 2b f= TBSV p19 # % CymMV 2 »xF &~ » = 2 ORSVpl26> @
PVX p25 #258% > | Ra = A jp2 %Y » PVXp25 23 £ CymMV [}%% AR E 2T
(X N7 FA)B - = A) o 2 Western blot #iklE+ CP R ff £ - » ¥ LR T2 RT-qPCR
ip 7 B E (Rl = B) -

fI* CymMV-eGFP £ 7 [p & A FlEFBfr| 3+ 1 A ABEF L AHF D) 1 %&E
RT-qPCR £ Western blot 2_ % % o %% 87 > #6154 % > "$ TR A PVXp2S BHE E
APRHLIE Hbpow2 FRIARDPHEEICHRER2) £HACS 6% HRe
ORSVpl26 &2 CMV 2b e ®]2 gk & TRwy 57" » e {da F e ke £ > TBSV

p19 '7':3 TuMVHCPrO N > :} Iﬁ,& 115,«5 ’ PVXp25 E]j Lfﬁﬁﬂ&%z@}'f%l‘iéi z};i o
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&0 F 5% PVX p25 B3t RT-qPCR £ Western blot 7% # & 3 ¥ #% < CymMV

FRAFLFa o RN FRERRKRY 0 DT REFERPIZER o FlY o G AR D
BEY3ITEAR S AFTHFRT TR 5 ORSVpl26 7 A FlEBR 4l 4 2 RSS

% JF’KJF a4 2 CymMV *t N. benthamiana ¥ s0 % ff & ©

FIFIHER SERARSSZ AR VRBEABEFILRARZEF DRSS
(Mochizuki et al., 2016; Wege and Siegmund, 2007) o & #* 7 i% 1§ # CymMV-eGFP & F it
RSS £ 43t > LZ eGFP 5L 3 5 MM A ER A By R ed - Bi s &l
# b i iE- RSS 24z & CymMV-eGFP # & 1 ‘& ¢ éxE.fa‘« ? oo BT 7w RSS i 49 5

CymMV Z#EF K % < amwey » 5g 2 (&% 8 i) CymMV kg 4 o
ym

3.9 CymMV 2 TuMV ~ PVX 2 TMGMYV #f & & % 2 AR E 2 L L s

£ -7
AR Ed LY T R E CymMV 2k g ) 0 AR T iRl ORSV
I % Tobamovirus % 2- Tobacco mild green mosaic virus (TMGMYV) ; 11 2 ¥ ¢t & 7 f Jf
1:}54% s W] & Potyvirus % 2. Turnip mosaic virus (TuMYV) ; Potexvirus % 2. Potato virus
X (PVX) - TMGMV £2 ORSV F & » 7 42 7 &} 2 [,35—* 2% ¥ CymMV Z 2 4
% o omig Bt AR R o gt Potyvirus &t Potexvirus i K Ae b 4 5 4 iv % o
¥ L+ h o @ PVX A2 CymMV k- #232% 7 7 2 CymMV £ % b f s kB
Ao bR RERY AT T 224 o

BAREREZ 11%4*‘5:1 % > TuMV H jHR 4 & TuMV & CymMV 4f & i 4 N.
benthamiana P* > pife* 5+ B PR LR 1 A fERJE b EAELS 4~5 X > & N. benthamiana

ARE VVRERIEEHTE 2 @ﬁ’ﬂﬁum@ﬂ”iw:@&%ﬁQW%@%%ﬁi
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oS IS XV AL AR AR FRBEE(R L e A) - PVX H Bt 4 &
PVX & CymMV AF £ R 47 » BT EMEE 45 % 0 & h i P owssagh - $1 5
RS 2 A BRI 1S A i AL £ AT E V02 L 2D
ez fSERAEEPHELE(HS 2z A)c TMGMV & TMGMV & CymMV 4F &g 4 ¢ >
BEILE b IEAEE S~6 % 0 F A GAERREIBE R - LIRMAL IS5 AR
AL RFARE 2 QTP ERL S TuMV 2 BE R F o TMGMV % £ 5
HRUEMe » DARSIL R PR S 7 - g2 h S ERAE T £ CymMV A7 £ % 2
TrEs LR (Bt Ao

BEBE 2 FHA 5 0 TuMV &2 CymMV 4F & B % AJE>T 4615 10 % 7 RB T L &
68 B TaE o HAF < B E 0 R AR P E4 ATuMV 5 bR 4 PR & 3R % (B
L2 B) - PVX &2 CymMV 4f & B % % > B E 5 2 DB (R 7 FA) - @
TMGMV £ CymMV 4f & & % B > 348 § ¢ #c? ORSV 47 & B 4 CymMV pEag oz > o
CymMV #73ldz2 6 ¢ | B¢ 4~ 2 A& A ¢ dn(Bl Ltz C) -

%7 f2 TUMV » PVX 2 TMGMV 2 CymMV 4f & 44615 » CymMV £ % it # & 1
SAFE o I -ELISA $F % 5o & (7B 0 4 0468150 30 $ TuMV+CymMV 4 £ B 4 1
$P 0 3 177 HBIF] CymMV(+ & 56.6%) ; *t Rl 8 % PVX+CymMV 4F & B % &
¢ 03 493 CymMV 3 8.(50%) 5 > & Bl 73 3 TMGMV+CymMV 7§ & & L f54 ¢ >
3 230485 CymMV 3U35(100%)(% = ) < BEm 2 = fi s+ 3597 thet CymMV ## 3 k 5t

o sl g (T SRR oo
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4. 3t

4.1 ORSV & CymMV *?-ﬁ-f;ﬁ_ﬁ—'-t Fo A TR
g AP 7 > £ 2R CymMV 22 ORSVpl26 ¥ ¢ CymMV 2 A4~ » £ ¥ 41

Win e A T g ot pl26 2 A F]FE B e 4 (Huang, 2014) - 28 7 14 CymMV ¥ pl26
EARAERESTL I HBE > ¥4 FEH 3 T ORSVCP & ORSVCPHY 42 & 5 #
2 CymMV 3 ff £ 2 # i (M= B) - # # fehpmd CP v (v % RSS ép)+ § : CTV
(Closterovirus ) (Lu et al., 2004) ; Tomato chlorosis virus (Crinivirus &) » 1 % Tomato
ringspot virus (Nepovirus /§)(Karran and Sanfacon, 2014) = p # & & 3F ¥ tobamovirus 2. CP
24 RSS#i > @ ORSV 2 CP 2 CPHM R 3224 oG- Hoks » F » CPir
CPEIA 3% 46 fp 846 1% CymMV A 2 44 (¢% » p % % 2 # % o CymMV # ORSV MP

HAPE 7% hsd RNA £ 53 CP el (M=) 12 CymMV-eGFP § % % 2L (]
Lo soEtsd v A2 0 A3 4 €A B R T E T o & Hisa ¥ 4 (2014)08 3
¥ % 3 > Clover yellow vein virus (Potyvirus J)2- P3N-PIPO # & 3-v i& § 227 White clover
mosaic virus (WCIMV; Potexvirus ff)2- t4 iT% ¢ » £ F 38 WCIMV # # ek ¢ > e fr

G FFES DR o &h ] e R AT 2 B4 1 E(Hisaetal, 2014) -

Tobamovirus 2 MP ¢ 55 & & & F 5k > %8t 4 2 e B 4 & (Heinlein et al., 1995;
Epel et al., 1996; Padgett et al., 1996) » 2 3 ip] CymMV &2 ORSVMP 2.2 3 iF% ¥ 5y % i
U R HA 2 FHE S TR EEE CymMV e B B S o iR Rk 0 T A
* CymMV {44 % 3. ORSV MP » & 1 . % F{#2 484 % ORSV MP 2 CymMV £ % 7 » j&
Bhd 2 BEd RE R RIEALTE G oo

Ry A F7 » ORSV & CymMV & Dendrobium spp.£2 N. benthamiana 2- /i 2 & %8 ¥
34

doi:10.6342/NTU201703539



LG FRA T o4 &R R AFIRT 0 3% Dendrobium spp.fr 2 FAEY BEI| A A 2 LR
W RNA R HFEPF 3> H bR 2 (Huetal, 1998) c ¥ 4 & F BT HEHY nq Z%d > 0N
benthamiana % 2 487 4§ £ & % ORSV & CymMV » g2 2% if 2| ¥] CymMV 2 54 RNA R
FEH > ORSV 2 54 RNA R A £ 4ri2 § B ¥ :< ¥ (Huang, 2014) > Bm 827 o % 2
HGE-EES RN R S 2l NS SR TR S IR G R LR S B oE 3
£ B 4 ORSV £ CymMV *t N. benthamiana » » #F & 2 BRI & }?r,‘fr AT OT
PREABZ) HAFTEFHREIDAFTTLRKEE > JFHACT o

BEAAFERFERLFHGE OEEFR(AF )T R M FABLN
benthamiana > * tb?:}ﬁ“,ﬁ%%ﬁ-l FPHELNFIZ H 0 RE TS EFHOLR éﬁ??‘a‘fl—fg
AR E we R A HR G S kS BHE A ERREL R T 7
#E ) PF]F o 8w k=t > CymMV P A JI(ORSV X5 j&f1) > & & ? wm¥e kg = 4r
L5 EFIORSV % 23): B efgrt? » CymMV 3 RBEN T we@ad | 047
i € X 3] ORSV el 58 »

Vi EH o & CymMV 2 ORSV J-v £ A RenP % > AP LB AP HE
BRE L EFE o w AP 7 CymMV(pBIN-CymMV9)£2 ORSV pl26 & % e f 42 >
CymMV s & J 7 % 5] pl26 chffes @ e o 2 TR DS R aL Lk 20

"pl26 £ 3 % A AFFE®RFHN 4 2+ (Huang, 2014) - BRI
pBIN-CymMV-D22 i® 5 48k » £2 pl26 & Tomato bushy stunt virus p19 = F % JLpF > &2
BLATRA (7 0 A Y MBS (T hA A (RN T RR) ALY NN
benthamiana + r B 1% F4EfEEAF & B 2 0F AL 41 * 2 CymMV g %M EEH G
pBIN-CymMV-D22 » # g 4 4 #& pBIN-CymMV9 53 (Bl - ) » 42/p]| ¥ it ] 5 pBIN-CymMV-

D22 A fGE2 B4 o @A (O AT A o GBI HM 0 A FE S pBIN-
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CymMV-D22 £ p126 & | % JpF ez 4 % 159 o 7 4 7§ ORSV (pBIN-ORSV-Rzh-9-1)
% CymMV TGBI £ # g %42 > ORSV s 4 % 7 % 1) TGB1 ¥l et & 2 » 3247
TR S R T i £ 22 TTGB1 ¥ §124 ORSV 1 { Henme B daa 4 | 21
(Huang, 2014) « 4rfe % — B éh it o f A FEx 12 pBIN-ORSV-D22 & TGBI1 £ # BpF 5 4
ORFE > H XA FFIR AP EA R LI R A/ E IR Er g o g
¢ »TTGB1 ¥ §[2% ORSV § { 4 enmee B b 4 | 2 Bk - Rz * kKA 5k?
ORSV &2 =t PI§e cnfia) > 0 i 44 2 384 > 2§ 7 i L &g CymMV 4§ £ & 4
P> TGBL £ 2 & ORSV #7* | fidh4r™ @ £ 9 % & F 4 3 ORSV & CymMV » @ b3
(ORSV)# 34 (TGB1) ; & ORSV £ TGBI1 % % enfiin™ > #i6 B Fred & w2
TGBl 2 %v¢ R E A2 560 2% CymMV Fen £ 5 >0 §% > 2T > ORSV
BB g e TGBl (T LI iF% ;L hpd L PR AIRRT » 2 £ TGBI R HE7 i
2RI S fﬁﬁaﬁ—,ﬁ’ & CymMV 2_# #2245 %] 2_ ¥ (Angell et al., 1996; Tilsner et al.,
2012,2013) > 2R AFEF F T 0 3 L 5 ORSV #7% » B R 7 5iE 2t b T
T o] TGBI eh4 L8 k4 1 5% (2 % * CymMV TGBI $u48) -

W A BT3¢ 5 K p|3E pBIN-ORSV-Rzh-9-1 £ pBIN-CymMV9 & % JLpF 5 4 3 ff e
o TR L4 fWepmind (% 2 A | PE S > Pt = 1053 PR L35 B il
ERAP Bz g AL A 8% S 53 RIF i ERBE IS B R 0 7§ DR
dEm gt dh o I g % 4 455 2 pBIN-ORSV-Rzh-9-1 & $% 2. pBIN-CymMV-
D22 ; & ¥_pBIN-CymMV9 # pBIN-ORSV-D22 2 & » ¥ L3 ch- > £ 3 4 < 3§
oo b Jish2 B T EmA ¥ Rk B

EELR T BRES e 8 #1484~ ehfips & fe(Pruss et al.,, 2008) » ORSV £

CymMV £ F § X PR Fah & e 7 8 BT F 0B AR L P 2805 T =
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LR BB R bl b FE A BRFAERT o T § Rk E

4 oom A T B% 2P A > H 3L fEiiT* (Syller and Grupa, 2016) °

42 i E B A EEoTE 4 2 CymMV i s &

FEHy P ahCymMV & 3R ¥ 12 & N. benthamiana ® % 5utd g 4 (Ajjikuttira et al.,
2005; Luetal., 2009) » @ *§ & % “THEfd 2 CymMV R 3 &k suld #5004 o & Ajjikuttira
¢ 4 (2005):3 ¢ > TGBI & CP 4 2 2 CymMV 4 47 %16 ORSV MP & CP 13 4

v H e WA A 4 (F AT AR R -9 ) 3 28 W CymMV 3 RNA 7 #
3 ORSVCP A Flfg 4+ 2. + = > &g7m ORSV v CymMV & ds g =x b 35 3 5 2 3

it # (Ajjikuttira et al., 2005)  $9& Lu % 4 (2009)# % > CymMV TGBI1 ~ TGB3 % CP } #

EF S ER A AP BRI EZ Ml AT > 3 TGB1 & ByRAR -

B3

I

7 R %(Y44H ~ HO4R) € H 3%k sipi# doae 4 chdr 4 (Luetal., 2009) - @ &7 % % “THE

>

A 2. CymMV % TGBI1 % 44 5.2 % 94 50l pe 45 4% 5 H (histidine)f- R (arginine) > # it

ﬁ}

A3 A d a4 hk F] o Potexvirus 22 CP 22 TGB1 eh% 3 i8% ¢ 34 };“::f’%i 2 F5 ¥
(Zayakina et al., 2008; Park and Kim, 2013) » 3L e i~ BLen R 8 7 5t R I}isa R
ZEBFAZ BRI E J A e BB L A o AR ORSV T L BEI 4 R
¥ CymMV i Sufd s & & & Vel g = Bherart it 0 i §1 24 CymMV i St 45 (b4 ¢ T
B CymMV TGBIl it 32 F 1L %]+ A 4 23 %% ) & § %51 ORSV e 2 L33 v 5k
5> CymMV @11d B U AR AABE A - A s > X F AR AR 3
B :I/;‘ai % a4 qsc Fl#% ~ )+ (Hacker and Fowler, 2000; Wang et al., 2004; Garcia-Cano et al.,
2006 ) ° ggg@g;la:/l:si St o AT ER CymMV T g~ £5% > & ORSV e g %

T TR ENERY R o R RER R g 7S I IR I e
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LR 4 PE - ORSV FEF F f85E CymMV & Sufd 5 s chi 4 o j 3 £ 3 CymMV-eGFP {r
ORSV pl126 ~ MP ~ CP & CPHPA g @ » £ A iz e — B 3v & = 8 39
(p126+MP+CP)£ 4 31 » #5.4 j# (Ri& CymMV-eGFP & » % (Bl+ - ) » &7 ORSV g %
g A H_(1E CymMV & » E#% s & 51 o EEL R HE > ORSVMP 4 € & N
benthamiana ¥ W& 1 (AT 8%) 7 :}%”,/T‘. Fle MP 2 EFEM > B = fadv 7

E P S8 A CymMV #8543 %Az 5 ot b > ORSV pl83 7 & 2 4F fps

# ORSV 2 CP % 100 5.7=i fic d glutamic acid (E)% % % alanine(A)F¥ » ORSV % 2
** N. benthamiana ® % et 4 #5 i 4 (Linetal, 2015) c A7 3 # R > 48 & B 4 CymMV
ORSVEIA g, 7 i@ ;% 4] % ORSV CP #idf>" % 5L ¥ i ;g $] ORSV CP(% 7+ CymMV & i
§Tet ORSV w4 & s i o) & &2 &k 2o § R3] CymMV » 27 CymMV 2 % s
B A% ORSV 2 jiieib g 44 5§28« mik CPFI®A 2 3 1 g7 CymMV % & 3o
IER A S 437 THRECYMMV ## 3 i AE | v it o

d BT 2 pAEEY T EE - £ ORSV #22 CymMV # & dngdy o & CymMV ¥
WRE AP 7 249 4 |8 XA a4f &8 % ORSV B> el B4 < - Ar CymMV
£ 3] LR 3 0 Bt AT A fr ORSV MGE CymMV #8544 5 B - F 2 > &
ORSVEIA ¢ CymMV A4F LR 42 BB E Y PR SR % (B B) -

TuMV & CymMV fe4f £ g P > ¥ 0B E 4 2 B IR 297007 GcR lse kit
Fre g3 pmai?d » AATRECymMV £33 L b ot £330 5§ %R
Bro gt 7t s PVX 2 CymMV 4f & & 2P > B E ,?:uiiif;rs;;;; #3;%:;{;»,@:{ o N Y L
iR 50%e04F £ & ALt ¢ § CymMV #60 3 k S f > BT ot 4 R R 53 e B

7 &R enff % o TMGMV 22 ORSV I & Tobamovirus s > teh =X F Sz 47 & Hfifitk
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o33 CymMV G SR LR ARBRAHRARKE > BRRSRAILTR LT
&3 TMGMV 2 CymMV 4 & B 4 {54~ » %ﬁ # #557 tobamovirus ¥ potexvirus 2. F £ F &
P RAPEIRDLT IEF o

& % B CymMV-eGFP fr TuMV HCPro % % ® > 4p >t ORSV pl126 > p19 ~ 2b v
HCPro ¥ # < CymMV-eGFP { % i £ £ ; & £ 5L PVX p25 R|+* pl126 5] { 53 (B~
=) @ 1 RIQPCR 2 %% o #m CymMV-eGFP # iz m —  RSS B0 £ £ 7L » Joi ;2
MaEd R E Y 5 B CymMV 4 b4 £ % RSS 2 L FIF Bl i 4 2 5 53

B> e r kB e R -

4.3 ORSYV p126 2_ & Fl# B Pri it 4

TMV £ ORSV F 5 Tobamovirus f » % Wang & 4 (2012)2. % 7 ¢ > #Fiwif 33 TMV
pl26 v 2. A FlF e dr4] i 4 (Wangetal, 2012) - > & 2. TMV pl26 5= RSS > ¥ #rd {5
e F1#F & (Ding et al., 2004) > p126 (dF R A3t Fev e 3 B X 3 H @ ¢ doen
RSS:» ® BB Fv V4 FAL 5 % B it %(domain) » 4 %] % methyltransferase domain
(Met) ~ nonconserved region I (Non I) ~ nonconserved region II (Non IT) %2 helicase domain
(Hel) - #7 3 % 3. > TMV 2. Met ~ Nonll 3 Hel ¥ fb 4 L 3 i A T B g R
R FFEH%Y FI > Met 2 Hel o RNA A FlEBRPrd i 4 B HAEZ EF04 T 72 B> Non Il
o) e -‘}}%Zé‘é:i # B % RNA A Fl#Ekdrdla 4 7 B 2(Wang et al., 2012) -

ORSV pl26 z A Fl#EFEFrilic 4 » AT HREZTHRTEY I 7 7 ARIEF A %4
TAR B B R AREL O A2 ERATFERIGN 4 > » &2 B3E CymMV
2 4 B ff(Huang, 2014) 1 4} 2425 ¢ > SE73 b # il B4 1pl26 6 4 SMEi B

/J_V - L lJ_
moE

o

Flo it 4 o BEF ORSVPI26 3ov 2 & adF 2 £ > 4 i BIRA T BRIrf i 4
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g W F % kA 0 4ot » Western blot @] 5 /87 I # it % 2 & Hpl126 F-v FEF
AR GFP 2 39 2 mRNA R HELF L AMpl26 hwFF P LI L » 112 Mgl 7

or i B L Hpl26 Fv 2 CymMV £ AR UHET PELE T S AR Er 2

Bl FARARLBHIFE T RFL S oA e R pI26 2 £ & g BBV

Pt
A&k
E
EL
Pt} 4
g
=i
oA
[\
(@)
bl
pE

7 Tl B2 o

4.4 CymMV ¥ A-.}lia-% 2 Jg?

FokopA Ot pAE A 1995 & o 1% PVX €47 CP =t A FIMH Fd b+ 4 30
GFP (Baulcombe et al., 1995) ; &4~ :}Zf‘awf & * 2Apeptide K v: £ ¥ K Fv PV @I
1996 # (Cruz et al., 1996) « ¥ %4 heruid * 224 B L > S HFMEHIEF B % i)
BLBERA R LG HHES MY e K S BT 32§l 24 (Dietrich and Maiss,

2003) ;5 » ¥ U H & & & Frd [Ii:,-a- A Weted RPIR 0 B0 A 175 R BRATE 4 i

Fl oY 58 hpd R A ERSE R F-d (Minato et al,, 2014; Keima et al., 2017) «
AF Y %% Minato ¥ 4 (2014)sfE A wg » R N = 57 4 R eGFP ¥ % 2 CymMV

B AMEAIR o & Lu & 4 (2009):0% }?L ¢ 2 E 45 CP =t 2k 7148 fx#: 3 (duplicated

\a
Rl

subgenomic RNA)eh= ;44 5 7 4 3 GFP 2 CymMV » # @ fr ki s * 2 ﬁiﬂ%?:}}%i fte
PR BEangsk o AMF R B{E A RE 0 S HRERI] & N benthamiana ®
CymMV-eGFP #7 & 24 chg 3k » T P #-2 22 ORSV & p 2 15 » FMF LT U AFIE

o B H A EEF CymMV ¥ kg4 $hsr ORSV £ b8 % 66 0 L3 443 b S ool 3]
CymMV 2 R4t 1 /5% » Bl 4 CymMV-eGFP & s B R A5 § Z 4 iR A7 2

<)

30 BT i A A FIABA S PR 405 800 bp) 0k SRS B AL 4 F Pl o
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¥ A7 A FIR CymMV CP 2 N 37 i fv CymMV i S 45 # 2 H &2 ORSV 2

LI E* 4 B & &I ORSV ¥ CymMV-eGFP-CP™S & » & sk iz 7 4% ) ¥ "% i

B

(CymMV-eGFP-CPFS 22 EV £ 4 s 7 & JL25]); AR F # - & ORSV £ 4 pE »

CymMV-eGFP 2 CymMV-eGFP-CP? 1o+ (% p & 11 % FLIE Sk B CPZNEE - B
vl s (glycine)® % ~ B i il fi(proline) ¥ it 22 w2 & AP H Y o m AT T A
7 » PVX CP N % € ¥ N. benthamiana 2- NbPCIP1 2 4 % 3 i % @ fgﬁé»‘)ﬁa% AHEE
%3 % AT 84 chine B4 #0 3 M (Park and Kim, 2013) » 5. » CymMV CP 7N 24
ARBA TR A e F AT it > A BBER LA 2 AARB RS - 5]
PUIR G o T OEF 4 ) 5 CymMV CP fe 5 CPES» 22 ORSV 47 & B % 16 » L& CymMV %2

RHRAT T A ABB R

4.5 3%
AT FER > T ’1}_.‘[}%—% R4 (E* 2 P A > ORSV &2 CymMV 4f & | 4 pF

(KAGEPRT BN 28 ﬁﬂ:ffia@: » 23 18 CymMV JEF xSL g d e 4 0 Bor = —F‘ff A T H

48 5 BBk ETes o CymMV 2% TuMV ~ PVX ~ TMGMV 4 & B 4 p¥ > 397 4 #

L

’ IF

A
N
=

F_&

wH

L 4k
=L 8 wWwu

FreFrenL B Kon CymMV gt 3 2 13 08 407 e o

% ¥ i i — # &5+ tobamovirus £2 potexvirus 2. F i3 A F F IR Tk o FiEF 4;}?54 g
P APRED R RA 2 CymMV R EE L REEE R LT EF T EY o

ARG @ F CymMV BER § LT 7 e apd A TR RG] e AR E
FAME AR EF L RESE LS o BT CymMV BE R RS 02 S

1 P’E’”fﬁ*’fik FlEE g drd]| S B b Ao RT > T4 B CymMV w 4Rk SLER % o
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Table 1. Primers used in this study

515 24 R 7(5—=3)"

M13F TGTAAAACGACGGCCAGT

35S-R GGCTGTCCTCTCCAAATGAAA

ORSV-D22-R CGTCCTTTCGCTATTAAGCATTGCCA

ORSV-F1 GTATTGTTCGATTACTACAATTACAA

Cy-AhdI-F AGAAATAGCGCCACTCAGCTT

Cy-AhdI-R GGACCAATTCCCGTATCTTGT

dT-Spel-Sbfl ATGCCTGCAGGTCGACTCTAGAGGATCACTAGTTTTTTTTTTTT
TTTTTT

CymMV-CPR2 CTACGCAAAAGTGGTGTGGAATCTGA

CymMV-Smal-F CACTCCAACTCCCGGGAGCTGCCACTTACTCC

CymMV-Smal-R AGTAAGTGGCAGCTCCCGGGAGTTGGAGTGGGCTCT

eGFP-F ATGGTGAGCAAGGGCGAGGAGCTGTT

TCTCCCGCAAGCTTAAGAAGGTCAAAATTCCTAGGCTTGTACAGC
eGFP-Avrll-2An-R

TCGTCCAT
P TTAAGCTTGCGGGAGACGTCGAGTCCAACCCTGGGCCCGGAGAG
yLImane CCCACTCCAAC
Cy-Hpal-R TAGGTACCGCGGCCATTGA
CymMV-TGBIF2 ATGGAGCTAGCGTACTTAGTTAG
CyCP-GP-F GGTGAACCGACACCTACACCTGCTGCCACTTA

2ACyCP-GP-R AGGTGTAGGTGTCGGITCACCGGGCCCAGGGTT
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CyCP-ES-F

GAGGAACCGACACCTACAAGTGCTGCCACTTA

2ACyCP-ES-R

ACTTGTAGGTGTCGGITCCTCGGGCCCAGGGTT

ORSV-p126-F1

ATGGCACACTTCCAACAAACAATG

ORSV-p126-Nonl-5'

ATGCATAAGGAATTTATGTGCACCAG

ORSV-p126-Nonl-3'

TCTGTGTTACAGGCGTTATCT

ORSV-p126-NonlI-5'

ATGACTTTTCTTTTACAGACGAAG

ORSV-p126-NonlI-3'

CTTCAGATTCCCTTATTTATTCAGAT

ORSV-p126-R2 GTATAAGGTCGATGCCGGGATCTTA
ORSV-MPF2 ATGGCTCTAGTACTAAGGGATA
ORSV-MPR2 ATACGAATCAGATTGTGCGTCAAA
ORSV-CPF1 ATGTCTTACACTATTACAGACCCG

ORSV-CPR-nonStop

GGAAGAGGTCCAAGTAAGTCCA

TuMV-HC-F ATGAGTGCAGCAGGAGCCAACTTCT
TuMV-HC-R TCCGACGCGGTAGTGTTTCAA

CMV2b-F ATGGATGTGTTGACAGTAGTGGT
CMV2b-R AAACGACCCTTCGGCCCATTC
PVX-P25-F ATGGATATTCTCATCAGTAGTTTGAAAAG
PVX-P25-R3 TGGCCCTGCGCGGACATATGTCA
qORSV-F4 CCGTACCTATCAAGACAAAGCC
qORSV-R4 ACAAACCCACCGCTAATGAG
qCymMV-145F TAAAGAGGTGAGCGAACGGG

qCymMV-145R

ATACGAAGATACGGAGGAAAGGTG
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qNbPP2A-F

GACCCTGATGTTGATGTTCGCT

qNbPP2A-R

GAGGGATTTGAAGAGAGATTTC

dT-VNP

ITTTTTTTTTTTTTTTTTTTTTTTTVN

 Letters with gray background indicate restriction enzyme sites. Uppercase italics indicate part of

2A peptide of Foot-and-mouth disease virus. Underlined letters indicate mutations introduced in

the first 21 nucleotides of CymMYV CP.

bV=A,C,or G;N=A, T,C, or G
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22 CymMV #73 FRidif SR A2 hRiEpdn &

Table 2. Systemic infection of CymMYV in mix-infected N. benthamiana

inoculated by CymMYV and different viruses.

Number of plants Systemic
Co-infecting Number of plants
were CymM V- infection of
viruses® inoculated
infected CymMYV (%)
ORSV 5 5 100
ORSVE100A 3 0 0
CymMV* TuMV 30 17 52.6
PVX 8 4 50
TMGMV 3 3 100

8 CymMV=Cymbidium mosaic virus
® ORSV=0dontoglossum ringspot virus; ORSVEIA=ORSV with substitution of glutamic acid to
alanine at position 100 of capsid protein; TaMV=Turmip mosaic virus; PVX=Potato virus X;

TMGMV=Tobacco mild green mosaic virus.
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Fig 1. Removal of nonviral sequences of ORSV and CymMYV infectious clones greatly

increased the infectivity

(A) N. benthamiana leaves were agro-inoculated with different virus clones, pPBIN-ORSV-Rzh-9-
1 (OR) or pBIN-ORSV-D22 (OR-D22). Inoculated leaves were harvested at 6 dpi and subjected
to ELISA test to analyze capsid protein accumulation of ORSV. OD4os was obtained after 60
minutes. Empty vector (EV) was expressed as background control. (B) As mentioned in (A), N.
benthamiana leaves were agro-inoculateed with CymMYV infectious clone, pBIN-CymMV9 (Cy)
or pBIN-CymMV-D22 (Cy-D22). Inoculated leaves were harvested at 4 dpi and subjected to
ELISA test to analyze capsid protein accumulation of CymMYV. Asterisk indicates significant

difference compared with OR or Cy (two-tailed Student's #-test, asterisk; P < 0.05)
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£ > #* CymMV RdRp & - 143513 % (qCymMV-145F/qCymMV-145R) » 1/ 3 ¥ protein
phosphatase 2A # #]i¥ % internal control i& {7 &% i* » #&-EV 2. CymMV % L& iT 5 & &2
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T4 ¢ » #rubisco (RBC)i* % loading control » EV 3 7 % I ORSV 3-v ch¥fpe e o

Fig 2. The effect of co-expressed ORSV p126, MP, CP and CPE!1°4 op CymMV
accumulation.

CymMYV and different ORSV proteins were co-expressed on Nicotiana benthamiana by agro-
infiltration, and the infiltrated leaves were harvested and subjected to analysis at 3 dpi. (A)
Reverse transcription real-time polymerase chain reaction (RT-qPCR) was used to quantify
CymMYV viral RNA accumulation. Viral RNA was amplified by CymMV-specific primers
targeting RdRp gene (qCymMV-145F/qCymMV-145R). The values were normalized against
protein phosphatase 2A of N. benthamiana as control gene. The level of viral RNA in EV was
used as the standard (1.0). Asterisk indicates significant difference compared with EV (two-tailed
Student's #-test, asterisk; P < 0.05). (B) Western blot was used to analyze the accumulation of
CymMYV capsid protein. PVDF was stained by Coomassie brilliant blue G-250, and rubisco

(RBC) was served as loading control. EV: empty vector control.
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Fig 3. Comparison of ORSYV and CymMYV accumulation in singly or doubly infected
Nicotiana benthamiana.

ORSV and CymMYV were singly or doubly inoculated to Nicotiana benthamiana by agro-
infection, the inoculated leaves were harvested and subjected to analysis. (A) RT-qPCR was used
to quantify ORSV and CymMYV viral RNA accumulation at 2 and 3 dpi. Viral RNA was amplified
by ORSV-specific primers targeting p126 (QORSV-F4/qORSV-R4) or CymM V-specific primers
targeting RARp (qCymMV-145F/qCymMV-145R). The values were normalized against protein
phosphatase 2A as control gene. The level of viral RNA in singly infected plants at 2 dpi was
used as the standard (1.0). The relative accumulation level of ORSV (left panel) and CymMV
(right panel) among treatments were shown. Asterisk indicates significant difference compared
with the singly infected plants at 2 dpi (two-tailed Student's #-test, asterisk; P < 0.05). (B) Western
blot was used to analyze the accumulation of ORSV or CymMYV capsid protein. PVDF was

stained by Coomassie brilliant blue G-250, and rubisco (RBC) was served as loading control.
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Fig 4. Schematic representation of the Odontoglossum ringspot virus (ORSV) genome
organization and five p126 derivatives with different domain combinations.

Four described p126 domains are combined with neighboring domains to construct five p126

derivatives, MN , NN, N,H, MN,N, and N, N,H. These fragments were constructed to pBIN61-

myc-ko (Huang, 2014). Each protein contains c-myc and ko tags at the C-terminus for protein
detection. p126: full-length ORSV p126 protein; Met: Methyltransferase domain; Non I:
Nonconserved region [; Non II: Nonconserved region II; Hel: Helicase domain; MP: movement
protein; CP: capsid protein. The stop codon (TAG) of p126 gene is indicated by black triangle

(V).
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% % . pBIN-GFP & Z * #(EV)s* 5487 I # i % 2 £ 2. ORSV pl26 ** GFP # A F]F1 £
# 3°(N. benthamiana line 16 ¢) > #:Adts 4 % 11 £ 3538 UV B g ¥ £ T 4p R 2 4% - pl26 5
I ¥tPe 22 o MN,: Methyltransferase domain + Nonconserved region I ; N;N,: Nonconserved
region I + Nonconserved region II; N,H: Nonconserved region II + Helicase domain; MN;N,:
Methyltransferase domain + Nonconserved region I + Nonconserved region II; N;N,H:

Nonconserved region I + Nonconserved region II + Helicase domain °

Fig 5. RNA silencing suppression abilities of different domain combinations of ORSYV p126
in V. benthamiana line 16c.

Leaves of N. benthamiana line 16¢ were agro-infiltrated with the pBIN-GFP along with five
different domain combinations of ORSV p126, or empty vector (EV). Full-length p126 was
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included as positive control (Huang, 2014). Leaves were photographed at 4 dpi under UV

illumination. MN,: Methyltransferase domain + Nonconserved region I ; N;N,: Nonconserved
region I + Nonconserved region II; N,H: Nonconserved region II + Helicase domain; MIN,N,:
Methyltransferase domain + Nonconserved region I + Nonconserved region II; N;N,H:

Nonconserved region [ + Nonconserved region II + Helicase domain.
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Fig 6. The symptoms of inoculated and systemic leaves induced by single and mixed

infection of ORSV and CymMYV on N. benthamiana.

Crude extracts of virus-infected or healthy plants were applied mechanically to 3th to Sth true

leaves of eight-leaf stage N. benthamiana plants (about 3 weeks old). (A) Symptoms on systemic

leaves were photographed at 7 and 15 dpi. Mosaic and leaf curling caused by ORSV was

h h
observed on systemic leaves at 7 dpi. Mottling symptoms appeared on 8" to 12' systemic leaves

of ORSV+CymMV treatment at 15 dpi. B. Symptoms on inoculated leaves were photograph at 15
dpi. The circles indicate white spots or chlorotic blotches caused by CymMYV on N. benthamiana

inoculated leaves. “Health” refers to plants inoculated with virus-free saps.
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73t eGFP 2. N 3 (ATGGGAGAGCCCACTCCAACTCCC) » "= e & 7] 5 MGEPTPTP >
eGFP 2. C = ‘ff #8 2A peptide (NFDLLKLAGDVESNPGP) (Donnelly et al., 2001) » 7 & 41 2,
¢ 2424k 0 I3 eGFP &2 2A 2 g et £ 8 - 7 = 4wrll ; B {4 5 CP 2 open reading
frame (ORF) » 7 # J %7 ATG A 7] - (d) & # % CPN # CPORF # 4" a4 | % 6427
A4 EeF & JI* £ %2 PCR (recombinant PCR)#- CP ORF 2. N ¥ e3¢ %fﬁ-??t)i FliE i
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Fig 7. Schematic representation of CymMYV infectious cDNA clones.

T7-driven CymMYV infectious clones used in this study. The backbones are pUC119(Vieira
andMessing, 1987); (a) The Smal restriction site in the original clone, pUC119-CymMV9, for
linearization, was replaced by Spel to generate pCymMV-Spel. The numbers below the black
underline represents CP subgenomic promoter region of CymMYV corresponding to the upstream
and downstream CP translation start codon, respectively(Lu et al., 2007). The arrow indicates the
Spel restriction site. BstZ171, Nhel, Hpal, Sacll and Spel are unique restriction sites of pCymM V-
Spel. (b) According to Lu ef al.(2007), pPCymMV-CP-Smal is created from pCymMV-Spel. The
slash indicates the Smal cutting site. The underlined “C” represents the last nucleotide of the
subgenomic promoter region. (¢) pCymMV-eGFP is derived from pCymMV-Smal. 2A peptide
expression strategy was used to express enhanced GFP (eGFP). Grey-filled box indicates the N-
terminus of CP (CPN). 24-nt were in-frame fused to eGFP N-terminal

(ATGGGAGAGCCCACTCCAACTCCC) and the amino acid were MGEPTPTP. The 2A peptide
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(NFDLLKLAGDVESNPGP) is right after the C-terminal of eGFP(Donnelly et al., 2001),
represented by black dotted box. Additional Avrll restriction site was created between eGFP
sequences and 2A peptide. CP ORF (without natural ATG sequences) is right after the AvrIl
restriction site. (d) To avoid the recombination between CPN and the N-terminus of CP ORF,
nucleotide sequences were mutated by recombinant PCR (Figure 7. shows the altered sequences).
Altered region are represented in gray dotted box. (B) Cloning processes of pCymMV-eGFP. 2An
and 2Ac are indicated the N-terminal and C-terminal of 2A, representing by dark grey box and

light grey box.
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W~ > CymMV-eGFP 2 H i -0 N33R Btk Wi 5 5|
™ pCymMV-eGFP & # ¢ » {* £ & PCR #CPORF 2 N e A 7873 >
7] pCymMV-eGFP-CPY" 2 pCymMV-eGFP-CP® » &~ & { # 7 #{c 10 B4k » H ¢
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glutamic acid » % ~ B "%=f it d theronine T 5 serine o RME L T2 B 7| =% o
Fig 8. The amino acid sequences of CymMV-eGFP and the CP N-terminus mutation
derivatives.
The N-terminus of CP was mutated by recombinant PCR with the backbone of pCymMV-eGFP,
resulting pPCymMV-eGFP-CP? and pCymMV-eGFP-CPS. pCymMV-eGFP-CP" altered 7
nucleotides and pCymM V-eGFP-CP® altered 10 nucleotides, respectively. No amino acids were
changed in pCymMV-eGFP-CP®? (synonymous mutation). On the contrary, pCymMV-eGFP-

CP®S 2 amino acids on the second and eighth residue of CP N-terminus (first amino acid refers to

the deleted methionine) were changed. Underline indicates the altered sequences.
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Fig 9. Fluorescence expression of CymMV-eGFP affected by co-expressed ORSV on
inoculated N. benthamiana leaves.

N. benthamiana leaves were agro-inoculated with CymMV-eGFP and ORSV (or empty vector).
Leaves were photographed at 4, 6 and 10 dpi under UV illumination. (A) Empty vector (EV) or
ORSYV were co-expressed with CymMV-eGFP in the same leaf. (B) and (C) The eGFP intensity
and its accumulation in veins were observed on the leaves which were fully agro-infiltrated.

Right panels were the zoom in image of left panels.
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Fig 10. Fluorescence expression of three eGFP-expressing CymMYV clones affected by
ORSY on inoculated N. benthamiana leaves.

ORSV (or empty vector, EV) were agro-infiltrated along with different eGFP-expressing
CymMYV clones to N. benthamiana. Two leaves were photographed for each treatment at 7 dpi.
WT refers to pBIN-CymMV-eGFP; GT refers to pBIN-CymM V-eGFP-CPS?; ES refers to pBIN-

CymMV-eGFP-CP"S,
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Fig 11. Fluorescence expression of CymMV-eGFP affected by different co-expressed ORSV
proteins on N. benthamiana leaves.

N. benthamiana leaves were agro-infiltrated with CymMV-eGFP and ORSV p126, MP, CP
(ODs¢0o 0.3 for each expression clone), and all of them (ODsoo 0.2 for each expression clone).
Leaves were photographed at 4 and 6 dpi under UV illumination. (A) Empty vector (EV) or
ORSYV proteins were co-expressed with CymMV-eGFP in the same leaf. (B) Images of eGFP
intensity and its accumulation in veins were observed on the leaves which were fully agro-
infiltrated. Co-expression of ORSV and CymMV-eGFP revealing the eGFP signal in veins as

positive control.
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Fig 12. The effect of co-expressed different viral RNA silencing suppressors on CymMV
accumulation

CymMYV were agro-infiltrated along with different viral RNA silencing suppressors (RSS),
including ORSV p126 (positive control), Turnip mosaic virus HCPro, Cucumber mosaic virus 2b,
Potato virus X p25 and Tomato bushy stunt virus p19. Infiltrated leaves of N. benthamiana were
harvested at 3 dpi and subjected to analysis. (A) RT-qPCR was used to quantify CymMV viral
RNA accumulation. Viral RNA was amplified by CymMV-specific primers targeting RdARp gene
(qCymMV-145F/qCymMV-145R). The values were normalized against tobacco protein
phosphatase 2A as control gene. The level of viral RNA in EV was used as the standard (1.0).
Asterisks indicate significant difference compared with EV (two-tailed Student's #-test, single
asterisk; P < 0.05, double asterisk; P <0.01). (B) Western blot was used to analyze the
accumulation of CymMYV capsid protein. PVDF was stained by Coomassie brilliant blue G-250,

and rubisco (RBC) was served as loading control.
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Fig 13. Fluorescence expression of CymMV-eGFP affected by different co-expressed viral
RNA silencing suppressors on N. benthamiana leaves.

N. benthamiana leaves were agro-infiltrated with CymMV-eGFP along with different viral RSSs,
mentioned in Fig. 11. Leaves were photographed at 4 and 6 dpi under UV illumination. (A)
Empty vector (EV) or RSSs were co-expressed with CymMV-eGFP in the same leaf. (B) Images
of eGFP intensity and its accumulation in veins were observed on the leaves which were fully

agro-infiltrated.
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Fig 14. The symptoms of inoculated and systemic leaves induced by single and mixed

infection of CymMYV with TuMYV, PVX or TMGMYV on N. benthamiana.

Crude extracts of virus-infected or healthy plants were applied mechanically to 3" to 5" true
leaves of eight-leaf stage N. benthamiana (about 3 weeks old). (A) The symptoms on systemic
leaves were photographed at 7 and 15 dpi, which had no differences between PVX and
PVX+CymMYV, or TMGMV and TMGMV+CymMYV. When TuMV co-infected with CymMYV,
necrotic spots appeared on systemic leaves of some doubly infected plants. (B) Symptoms on
inoculated leaves of singly inoculated by TuMV or doubly inoculated by TuMV and CymMV
showed distinct symptoms. When TuMV co-infected with CymMYV, the grayish white necrotic
spots appeared at 10 dpi and gradually became complete necrosis. (C) Symptoms on inoculated
leaves of singly inoculated by TMGMYV or doubly inoculated by TMGMYV and CymMV were
photographed at 15 dpi. Tiny white spots caused by CymMYV became large grayish white blotches
in TMGMYV and CymMYV doubly infected leaves. “Health” refers to plants inoculated with virus-

free saps.
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