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ZAE % G A A= & 41 fh(Hylocereus spp.)2 % & 4 ¥gldfage > R G AT E S
BrA R A RE B FREFERYES RS 53 o PPN S FRE
F L in A E X o4 (Cactus virus X, CVX)~ &1 iy X 5 = (Zygocactus virus X, ZyVX)
% =A% Xop & (Pitaya virus X, PIVX)#7i 3% >  ig = & potexvirus j #+ & # i &
2o iR EFY o PIVX 5 & F % 3 478 E T2 Potexvirus fHATm+ o 2
PHEE S PIVX it 5 EHREBSAE RNA I3 328 o3 - &) 2 B
RNA & PIVX 545 F &5 8- HEABE R A 47 i Zhp PIVX a4k £
1+ RNA (defective RNA, dRNA)-dRNA % :Jﬁf‘isr A 718 RNA S22 € wis g 4
A AT 0 R et s A (helper virus)it AT WA E B D A RS B 4
W AF AR e AR T o KW ETERATF B E A2 PIVXARNA F78
B LA & RNA S > £ & PIVX £ B 2EF T R 2 T 0 6E e et
3507 RS A E dRNA © i lic=x chh 4 THEBER% - FE Na
it 3 B E 9 PLARNA > Hix9 7 5= 645 nt 2 3’5196 nt> £ &R 5 841lnte 3
7 #-PIVX dRNA :zig 5 7 g * i+ o4 448 > 2002 PL dRNA 5 A&
RS A 202 AR S ¥ L A Fl(enhanced green fluorescent protein, EGFP)
mi\’iﬂ" » & w5 PL-EF 2 P1-E o P1-EF 12 4F @ fis i 2328 T]%"_'*’ PR TFIEE 0 Y
A kg F-v 5 PL-E 3 #-PIVX 3 -9 A F12 = # ¥k = (subgenomic promoter,
SGP)4r » PIVXdRNA # » 12 SGP 2 etz Fl o Hv¥ HPL-Ee ¥ A% R 4
FHZ o FEke? 2 EGFP» L 4 e ¥ 7 F ot ¥ B elf 4 m A FlaF s

F pl9tpra e F4Edko M Hp4e s PLI-E AR EGFP 24t 4 S8 % Ao F{Etat >
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Abstract

Pitaya, a climbing succulent plant in the family Cactaceae, has gradually become
an important economic fruit in Taiwan. However, its cultivation is restricted by viral
diseases. Cactus virus X (CVX), Zygocactus virus X (ZyVX) and Pitaya virus X
(PivX) have been reported to infect pitaya in Taiwan. These viruses are commonly
found in the field. PiVX is a new member of the Potexvirus genus identified in our lab.
We extracted total RNA from infected pitaya and discovered some small RNAs
reacting to PiVX probe by Northern blot. After cloning and sequence analysis, we
confirmed that these small RNAs are defective RNAs (dRNAs) of PiVX. dRNAs are
subviral RNAs produced from RNA virus via deletion and recombination. dRNAs
depend on their parental virus (helper virus) to replicate, encapsidate and move in host
plant. To select the PiVX dRNAs with best infectivity, transcripts of different dRNA
clones from pitaya were analyzed with the help of PiVX transcripts in Nicotiana
benthamiana protoplasts by Northern blot. After several independent inoculation
assays, we found P1 dRNA, which contains 5’ 645 nt region and 3’ 196 nt region with
its total length of 841 nucleotides had the best replication ability. In order to develop
PiVX dRNA as a virus expression vector, we used Pl-based vector to express
enhanced green fluorescent protein (EGFP) gene by two different ways and thus
constructed P1-EF and P1-E. P1-EF combined the open reading frame of
RNA-dependent RNA Polymerase (RARP) with foreign gene to form a fusion protein.
P1-E recruited the subgenomic promoter (SGP) of PiVX into P1 dRNA to express
foreign gene through sgRNA expression - According to experimental results, P1-E
could successfully express EGFP in N. benthamiana protoplasts and Chenopodium
quinoa plants, but the expression efficiency was low. To improve the expression
efficacy of P1-E, we tried to express pl9, a gene silencing suppressor, in N.
benthamiana and C. quinoa plants. The results indicated p19 had no significant effect
on the expression of EGFP in C. quinoa plants. However, when P1-E was inoculated
to N. benthamiana plant after transient expression of pl19, PivVX CP accumulation
increased but EGFP expression could not be detected by GFP antibody. In addition, in
order to study the cis-acting elements that can be recognized and replicated by PiVX,

we constructed and analyzed some deletion mutants of P1 dRNA in N. benthamiana



protoplasts. The current result indicated that the dRNA containing only 5° 435 nt
region and 3’196 nt region could still be replicated by helper virus. Furthermore, we
also cloned CVX dRNAs from pitaya plant, which contain CVX 5’ 677 nt region and
3’ 591 nt region with its total length of 1268 nucleotides. For testing the biological
activity, transcripts of CVX dRNAs together with PiVX were inoculated to N.
benthamiana protoplasts, and Northern blot demonstrated CVX dRNAs could be
replicated by PiVX. Accordingly, the result suggested that PiVX RdRP can recognize
the cis-acting elements of CVX dRNAs.

Keywords: Pitaya virus X, Cactus virus X, cis-acting elements, detective RNA, viral vector,

subgenomic promoter
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A MRS RSN EPopa Y F IR 1944 & Friedewald 3 itk (AL B oA
(influenza virus) P4 I3 — & 72 = ’;::f,;qi % #(incomplete virus particles) » = % Z 3
R % i 4 (Friedewald & Pickels, 1944) - 2_{s » Von Magnus # 3.7 %= }_:},%:3; % il
R A A AR G :ﬁﬁi 27 > e AT fEHE & 4 2 (VMon Magnus,
1954) - & 3] 1956 & > Henle ¢ Lief 3 37 = 254 #4017 3¢ (nucleoprotein)
22 4w Fk (surface antigen) +* & f 7% 4 7] :[,ia—‘; o B A R 3}:]}%.% Ak 4 IR A
» & FIH Pk (Henle & Lief, 1956) o 2 {5 » igdt 7 = 254 SR A AL 5 defective
interfering (DI) particle (Huang & Baltimore, 1970) - p = & %4 38 DI particle 3 # !
B bopad o LivEmd B - F L e B RS 55 R B (Roux et

al., 1991)

<

M e ’I% ® 3] 1987 & Hillman % 4 14 Tomato bushy stunt virus (TBSV)4z#&
# % (Nicotiana clevelandii) & » 4 s % 5 #ch i 5 SR % > 30 B-jx & RNA £ 12

BEF AT IR S 0.4 kb 5] & 3 RNA d1 s (Hillman et al., 1987) -

squ

#TBSV &2/ 23 RNA £ FEMAEFER > | »F RNAKBRARE > Ay

AR ARE e VY 2 opa RS o - H Wi ps ) 4+ RNA L

o

TR FILE 2 TBSV £ 3 B 7|} ahk ki (Hillman et al., 1987) - Flig it | & +
RNA ¢ # 4» }Fﬁ—sr DI particle {2 5 4p 4 #5317+ Hillman % 4 33 % ¥ »~ F RNA
) -‘ﬁfﬁfr z_# % + 4§ 1+ RNA (defective interfering RNA, DI RNA) - 7]+ » TBSV
% - BAREEE G A FEME RNA 2 485 54 (Hillman et al,, 1987) -

P e IR —l“‘fsﬁrﬂﬁfaar A2#A B RNASELFHEZERNA ¢ 7
tombusviruses (Burgyan et al., 1989 ; Hillman et al., 1987 ; Rochon et al., 1991 ; Rubino

et al., 1995) ~ carmoviruses (Li et al., 1989) ~ potexviruses (Calvert et al., 1996 ; White



etal., 1991 ; Yeh et al.,1999) ~ furovirus (Bouzoubaa et al., 1991 ; Chen et al., 1994) »
bromovirus (Damayamti et al., 1999 ; Pogany et al., 1995 ; Romero et al., 1993) ~

closterovirus (Mawassi et al., 1995) % cucumovirus (Graves et al., 1995) %
Z ~# AP RNAZ AR g

bE LB Rt opd Y B pd WA ERY o § -
A+ RNA SR 2§ L 55 FfpE MAE pcdk R4 o P o Sripd ]
#+ RNA ¢ Z ik 7 ph(satellite RNA) ~ % 5 4 (satellite virus)(Francki, 1985 ;
Prody et al., 1985) 2 4- 4 + 3+ RNA(Hillman et al., 1987) - iz -] &+ RNA % 7
L3 B ARG o R Rdf g 24 n 4 (helper virus) R et o G ¥ HE o e gy
e éﬁﬁgé:@% R Az f 4 o @ A TR RNA kRS AT
LT SRR Sl eui’%'“u‘i/ﬁw R M RAPT L W mE LAY 2 F
Rt FE P REFELE :fgsfvr BI7 B0t Rt > kiR 3 F ¥ (Francki, 1985 5 Simon
etal., 2004) - %E#v".‘}]%-% A+ RNA chff et s d i F 5 8 ﬁ—i.%g:;gﬁ e TG 4
£+ RNA 7 ALE RS & B 7p 2 s & 14245 W2 &+ (Takeshita et al.,
2009) » # & F F sk M 4 A dk A BRI 5 4% 4 12 RNA (defective RNA)
(Chenetal., 1994 ; White etal., 1991) - @ » 7 >384 {54 ;}%* AFEMER T e
4v & (Lietal, 1989 ; Romeroetal., 1993) - -

# 4 M RNA Rp >t B ebos 4 B 5 7 B e = (White & Morris, 1999) » # 22 4
Popa g lAp k0 R %’ﬁfﬂ # 245 & chig 9l p¥ (RNA-dependent RNA polymerase,
RARP) & = > g p v $F30 44 4 2 RNA 72 % 845 & 38 (Pathak & Nagy,
2009) - % - A8 41 5 replicase driven template-switching mechanism : 5+ £ %14
RNA & {74F WP > 48 WpsdbF & AAF W= 22 37 RNA A R & enficfe som % o
BEITHNY - FER Y EEGEE 0 A &2 E 2% ¥ (Nagy & Simon, 1997) - %

- fa¥ 4] 5 forced template-switching mechanism: 24f @ fs 2 5% = 74 RNA & =



RARSE UM RFERREISL Y - B R e R > 2AT2 RNA §

| 2wz 2. 7 fF (endoribonuclease) &t ¢t 7 fix (exoribonuclease) it * @ ¥74] » £

a
=)

{rh
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& A # 44 % |4 RNA (Zhang & Nuss, 2008) » H ¢ » % — {44 s £ 4
M RNA &5 7 a¢ 75 = i ] (Pathak & Nagy, 2009)> 3% 7 77 7 &g 32 7 2 48 ¢F RNA
4 WpF o 37 P8 i (donor template) F & § %74 ~ & &k 433 (hairpin structures) 2
7 AU # Bopd o4 Wl #h 1% ¢ %% (Cheng et al., 2002; Cheng & Nagy, 2003; Pogany
& Nagy, 2008 ; Wierzchoslawski & Bujarski, 2006) ; & § 48 " e % prdgF 2o A4

RNA > 22 j pif % (acceptor template) 3 2-5 B % H £ 3 4¢ 12> T ¥ & 4 Wpr & kdf
#l(Nagy & Simon, 1997) - # 4+ % * 3§12 RNA % 44 % 42 RNA i 8 A 5§ e & 1)
B¥ E A A A 0 feg](mosaic type)* B - B A “,f Al (single internal deletion
type) o ¢4 5 d R ?%*Eqwﬁﬁ1iﬁm&'”&ﬁkx%ﬂﬁiﬂwk
£ @ & (Hillmanetal., 1987); & - % & # f |2 G mE AT R4 < 7
g;ﬁnﬁx;f ) B IR A f.ﬂ;]}aﬂ 5% 34 E R B EFTe S A 2 (Lietal, 1989;
White et al., 1991) o Fl4x £ + $F 14 2 4% 4 12 RNA L 7] @;L#gé,ﬁ-% EELE
A A 2 MR A R ORI L VA RS 2 W
(RNA-dependent RNA polymerase, RARP)3#:8 1 cis-acting elements (Li & Simon,

1991 ; White et al., 1991) -
Z~#Z2HERNAZ RB®

W4  RNA S d BAm+ AFMGa % 2 £eq )4 2 AFMA 7 #R-
BpAEEF SO NPRALSIFIRG FE RS HEAET Y 01 & o @ FlR
A RNA & hies B g it @ Bowd a4 RNAxErﬂ){%*,ﬁ’nL 2 RNA £
‘mep 7 (Sztuba-Solinska et al., 2011) - 4% % 2 RNA 7 #f 225 & 2 4225 > 4 L g 7

T e AHE o BARGHRIIL LG AN EE 2 B PR

cis-acting elements » #= ¥ r2 4t 4 £ RNA & T 2 & A S L2 7 3



(Lewandowski & Dawson, 1998 ; Lough et al., 2006) - #* ¢t > + § Heerdd 2 F 3 12
RNA 5 F% g pa g S ek o R E 55 50 R P B » s o 4
g ﬁ?g?%;!_z‘_h:fgqi (Cymbidium ring spot virus, CymRSV) 344 £ + 3§ 1+ RNA 1 3 2L 5]
23 RAE R FHEENA A FEHERNA S 2R CymMV i@ & g s R
#=(Kollaretal.,, 1993) - ¥ ¢ » ¥ 545 2 42 RNA £ 5 #7547 ¥ Lwie 7 #
%ﬂﬁﬁ}é3&@%&%%%&”%%?ﬁﬁ%i?@’%ﬂﬂﬁ}éiﬁx
(Sandoval et al., 2008) ; ¥ F]4: £ |+ RNA B 7| & K& & > 4F B/l 4 gy B4 ;’;«,4 *
2R Y R Rand P F 0 5 2R GhigF(Lico et al, 2008 ; Qiu &

Scholthof, 2007) -

IR R o SRy

AL N L RN R VR E - - BRI A O
e~ 5 g~ AR Q’W&P@§W1%¥%§%m;£%@iib%i
FEAR L RIT 2 a3F 5 3 e enF A+ & R A F](Scholthof et al., 1996) < & d
WA AT o B I R RRS P F A AR &
Jid 28 v =t 2k Flgcde 5 (subgenomic promoter, SGP) % ¢ i v 0 X L AR
¥ * 21 % (Dawaonetal, 1989 ; Chapmanetal., 1992) 5 ® i * = % <H SGP
B4R T > ¥ F s 4otk 3o eh4 R E (Grdzelishvili et al., 2000) - 1992
# Chapman % + ¥ 312 Potato virus X (PVX)§ T 48 » 12 PVX 2 i §-v chfcd =+
A7+ % (N. clevelandii) + # ¢t J& & #] B-glucuronidase (GUS) » % % % 3 GUS }-v

FEF ¥ 1=

Ik

2 ¥ VEF R A3 % s (Chapman et al., 1992) « ki *
PVX {48 - 12 % 4 ¥ % 39 (green fluorescent protein, GFP) & F]#~ it GUS z 5] > ~
FEIERSES X GFP UV £ T g5 %4 FEIR ?;%’ﬁ'* %ﬁ%-‘}?ﬁ—%‘%?
4 ¢ 2z #% & 25(Baulcombe et al., 1995) - @ 2 PVX F =+t Potexvirus &+ g %

AT & ehiB N s 4 X (Zygocactus virus X, ZyVX) >« 5 1% 2 Ged A Flpads &



B F 4 ek A Flehb]+ (Koenig et al., 2006) - fe £.d *tpsd Ak HATH
PR MR D pA BEET ¢ Ak b % £ F](Dawson et al., 1989) ; @ #* 4
M RNA hF 5 e F % 5 F i 2 B4 et & 47 1 e 5 13§ S s Burgyan
F 431994 & 11 CymRSV s34k 4 + 3 RNA § IF)]%# ?%"’ CEEFREFE N

FI R 0w H L IanF 2 Fod dE ~ =% 4p B (Burgyan et al., 1994) o gt {8 px
FFFI AL PP AL L P RNAFL P 8 e e AR
/7 F=v (Komarova et al., 2006 ; Qiu & Scholthof, 2007 ; Sandoval et al., 2008) - ¥ ¢ »
kA 2 RNA 2 L R e RO e BEAT R :}]’;‘3% 4 4§14 Lough & A T#fﬁ PVX
5% £ B AP f Rk I rlipl R AR GFP O JRd & F kR

% F ¥ PVX e # § 4p B 0 cis-acting elements (Lough et al., 2006) -
I~ AT 2R

T4 FUop & e > i dp 4 34 % 24 519 B (virus-induced gene silencing,
VIGS) ¢ #4518 A 714 2 (posttranscriptional gene silencing, PTGS)# i # (Vance,
& Vaucheret, 2001) - @ p &0 = 53 3R Lo+ o3 & VIGS &2 PTGS enpri|+ - @ 1
potyviruses 2. helper component-proteinase (HC-Pro) (Anandalakshmi et al., 1998)£2
Tomato bushy stunt virus (TBSV)z. p19 #-v (Moinnetetal., 1999) - # # » Qiu & 4 »%
2002 &% R TBSV 122 © 4k plO ik % * 3 RNA £ 34 i 5 (N
benthamiana) - € A% PTGS : @& £ £ 3R pl9 Fv > Bl ¢ @& PTGS e &4 4 ;| gt
S % B pl9 ALy e PTGS #7415 (Qiuetal, 2002) o * #+ > pl9 = ¢ *r 53 5
F ik e R 4 (Qu & Morris, 2002) - ¥ ¢k » Komarova & 4 *t 2006 & ¥ & #- PVX
7 TGB1 ~ TGB2 ~ TGB3 2 CP A Fr 3 H 3L F] GFP B~ % » 1 % SGP1 » 11t &k
2 GFP: @ Fl4 4 CP ¢ B 58 PVX this & 1% > ford B8 Bt &2 ik 3 (N
benthamiana) } # 3k GFP - & % &7 PVXd A it 2 kx4 AL % GFP; & &

F % 3 HC-Pro &2 GFP z_ 3 # % » #7p| 3| e GFP 4 & #2 % (Komarova et al.,
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2006) o gt 4 £ TR BG PE 0 2 A LR FIE R 48
A iR pE X2 U ERE X2 AR

=4 % p4 X (Pitaya virus X)2 it E o4 X (Cactus virus X) ok Bt
Potexvirus & fgﬁa PRV R L AT s PP % JF%% , 2008 ; %1,
2000) e PIVX & # F S 2 ¥ H P L 70 % Bl A 45 a2 - AR - 2 4 S0k
Hi4ar g% RNA —'}?3:%‘ » £ % 450-500 nm > £ % 12-13nm > A F|48 72 & 7 polyA i
6677 i 1% 3 Fa(=, 2008) o PIVX ¥ ki SLii g A a4V % 2 6 > fir v & b 3ldeq
Hppe g ¥ A2 R pmx; ¥ &k % (Chenopodium
amaranticolor) ~ # 7 (Tetragonia expansa) % 3%}k 5% - (Celosia argentea) & &t i %
BAEE(Z,2010)c 5d 2 2 2B e EFZ R AFREERRE BRI B
02 A AR Y e 2R PIVX R 2 0 PIVX i e & 4 S ir & £
» § F]F (£, 2008)c x A F B % © > 2010 & ﬁi}i PIVX & B 4 4 &% 78 k0 i PIVX
2 ARMFE # o

A CVX &3 WZ Jv g AR 3 > 773 & chin 4 F 4 1 (Berck,
1971) ; # r}?a-% SRR Sk E R B20nm s BAR K 13 nm o A FEE < -] X 6.5 kb
(Attathom et al., 1978) - ¥z %-E 7§ 5% 2> 2000 # 5 L d SR+ & T A )
CVX-Hu 4 th > 3 % - B menide % s34 g5 A (¥, 2000) -+ % %+ *+ 2006
£ B oS CYXNTU 74 $h 0 CVXNTU v HFig & g fic CVX-Hu % 5 7
v R

BAL e (5 5 HR 2 BULEE(E, 2007) -

= ~ PIVX# 4 £ RNA 2 3 3-v = & F]g# + (subgenomic promoter, SGP)2 # %
MEEEFREF SN RMBPIVI g €5 ] »F RNA IR SiBE 7

faB AT ) A F MBS PIVX ehik 4 RNA 2 14 { B IRE 9 R 4 PIVX thizdt

ST F 424 RNA > 8506 $9¢ $aui 2 2 RNA £ REa D 9 53

6



PiVX 4 2 12 RNA (f#, 2012) - #-9 #4% % {4 RNA £ PiVX £ F 42483 v % >
FAEAT v F 4 PIVX HsE o #45d 9 FE A D 4 PIVX-NL » PIVX-N2 »

PiVX-N4 ~ PIVX-N5 > 12 2 d =35 % E 7 0 PIVX-Pl - sz 32 2 4 RNA % & B

)

5B “’T‘ Al(Li et al., 1989) » % 5’645 nt-859 nt 2 3* 196 nt-768 nt =15 71| o i&

)

KA KT L RIPFRT v Y RIE deiR] 554 5 71§ ] 356-562nt 7
L PIVX 44 % 12 RNA tov %+ #7897 5 2 A& 7(M, 2012) -

= 2 F148 RNA (subgenomic RNA, sgRNA)z - 5 8 481 § % RNA 4 £ 3
AFF ¥ Rk > @ & = sgRNA Z ,fﬁ—ci =% £k FEx#> 3+ (subgenomic promoter, SGP)
Bher o w42 W BRACE fie £ 858 & 2 /> i PIVX & 3-v sgRNA z &
Brazhogh > 3t PIVX % 2 £ 615865 B o FEd B Fid s st
A AR EE S+l R R -43 T +23 2 B 7] PIVX 39 SgRNA 4 & &

¥ AR ES BRI L PIVX 8 3 SgRNA 51 SGP (ir, 2012)
AN pi‘j—,&

d 3 PIVX ehd A R F > 2 & Bl 4 ¥ (Cactaceae) et~ & - dicdp
TS 2 PIVX iz de % 7 i Q\E;‘a‘mﬁr,—@:’bs\ —ﬂ%%%f—’é‘};ﬁw}%%
PHELEPER M RER c FRAR L PIVX ehle i itk > 7 4 g
PIVX £8k 4 {2 RNA(F, 2012) 5 4c b 4% 4 12 RNA 17 2 §948 > - 4 40 5 4
P i AT Y a4 2 RNA itpi\ WL R0 o F] PIVX 42 4 £ RNA
EF g - BEFFEERRY S FEURE R AR RRY o ¥
g e o470 PIVX 8 30 A Flfad + eni= g o - ﬁk:]}%% i) 3-9 SgRNA
i B 2K AT RNA & (7, 2012) « =52 % PiVX # % | RNA % .7} iR
Fv 22N A D R E R N B ey A PR AR e

o i E £ IR PIVX S 3356 nt-562 nt 22 FF R & 5 PIVX 44 £ |2 RNA * 48

P B L Al A - B IR PIVXS SR B 0 1A PIVX



45 Bl 4p B e cis-acting elements % &% HF R AL 4 fF PIVX (0B M &

& EAp B F 3 & Potexvirus e 4 :),%:i 2L e



o Hpe R

-~ REHP
p35S-PiVXS % p 5 P WL k= 4% % (Hylocereus undatus)z ‘=% % j5+ X (Pitaya
virus X, PiVX) 4 &gtk PiIVX-P37 > #- > & cDNA q,i » % 5 CaMV 35S fré + mi\ 18

p35S-GFP (Clonetech, Palo Alto, CA, USA) } » P~ & GFP & #]» #tH£ 5 2. > £ cDNA

F A tk(%, 2010) - p35S-PIVXS 7 S S N AR R L AT % 2 0 F
(Chenopodium quinoa) » &t - & 2 4t pfe » il 4 A~ ARs m B (3,

2010) - 2 2 & £ 4 p35S-PiVX5 % # T pUC119 i“ o A PIVX A TR 2
do b EARE TT g o A pUC-PIVX B AR > 7 % 30 4 2 4 fl b g5kl > 1
#4487 ¥ (Nicotiana benthamiana) & 2 B %8 o ¢t ¢F > j& & Ao 4 PIVX 2 A 39 % {5tk
32 > RNA #G % RA 4 k4 2 RNA S ¥ PiVX 4 £ 2 RNA £ 78
P35S 44l } > 3 IE A1 R 4 4 iE A R(M, 2012)° A7 F f1* PIVX 4 % £ RNA
i 7 th p35S-P1-4 5 H > 45 0 pUC-PL > MH T R4 FHEBTI %R -
pBIN61-GFP ¢ 4 ¥ 3¢ % (7 #& & > pBIN61-P19-myc-ko R d # % 2 F 4T F
FArfE i o Mt 7 R AR FASE ST R 2 A X 4247 4 3R Tomato bushy stunt virus

(TBSV)z P19 35 -
I~ REREFESAE

AR E A& * erfE g G 3 (N. benthamiana) 2 ¢ % (C. quinoa) £ 48 % 3¢ 5
B BRI BB RE R ORG S RIFE R RE & p LR 16 ) PF o
Bt 379 @8 2B EXF AR ENAEGLD)REANFHRI 2
Ro— HAAEE P kPR 16 FE 2 sl e By FHHF L4 L 451

TV RTH K o



=~ #4HERNAZ

(=) B4E% > RNA 2 53~

e R 4 PIVX 22 CVX s B =45 % 42 & » 12 Plant Total RNA Extraction
Miniprep System (Viogene, Sunnyvale, CA, USA)i£ {7 £ 4 > RNA 5 P~o g L f=B4g
A 01gr B2 180°C ASTiEF s Y > T4 r FRRAF 0 RS
BB Pk e k)~ L5mL e 4w F ¢ o 4e 450 L RX & PRX buffer »
MRFT BRI AT 10 s 2 F KRG 16 uR &% § ~ ¢ {r collection tube ‘e K4+
e shearing tube » > 12 13,000 rpm (Sorvall Legend Micro 17 Centrifuge, Thermo,
Wilmington, USA)dg.w 2 & 45 > 14 K,ﬁ;—i 18 4 7% 48 o #-collection tube # #tiT & 2_Jg
2 230 pL 100%iFp 323 R & » TR £ # 1 T > £ 5 collection tube 3 Plant
Total RNA Mini Column # - 12 10,000 rpm &t~ 1 4 45 > i5]2 collection tube ¥ =g
i o f 4e ~ 500 ub WF buffer » 12 13,000 rpm %< 1 4 48 > 52 collection tube »
g iR o #F > =P~ 700 pL WS buffer 4c » Plant Total RNA Mini Column # > 12
13,000 rpm s 1 4 48 o K,éft—i collection tube # Fijpm i » & 48 12 WS buffer %2
# 2% 1 = ° 2 15 #- Plant Total RNA Mini Column r4 13,000 rpm &< 5 4 48 » 1 ",f-i
7 ¥ 2. WS buffer - £ #- Plant Total RNA Mini Column # ] 1.5 mL 3.« ¢ 1 » ¥ %
FHFB o FENRES A RFHIEFE R o L4~ 40 ub £ FHk
A 4is 0 12 13,000 rpm B 1 448 0 Bed > RNA A I RE 3 g o 1P 2
RNA h5- 5 2 )k & 17 Nanodrop (Nanodrop®ND-1000, Thermo, Wilmington, USA)#&
o BH ¢ 5l 2 1% agarose gel/IX TAE &7 F % » 12 UVP da R & sus 47

(BioDoc-1t™ Image system, Cambridge, UK) > #]4& < RNA i% 75 *+-80°C -

(= )F @R & priadi F &
#-11pl 2 454 > RNA (4 400 ng)% * 1L5mL AcB dgs @ »4er 1ul 2. 5

UM £ % 313 (PiVX-dT-Bam & NTU-dT-R)#* 1 uL 2 10 mM dNTP mix » i £ 55

10



f6> B3 65°CKig Y 15 A 4B RE 18 B 3k B A Ao 2 {840 » 4 uL 2 5X first-strand
buffer (Invitrogen, Carlsbad, USA)~1 uL 0.1 M DTT (Invitrogen)~1 puL 2. rRNAsin (40
U/uL, Promega, Madison, CA, USA)f- 1 uL 2 Superscript™ 111 Reverse transcriptase
(200 U/uL, Invitrogen) » ;8 £ 353 o 5> 55°C F g 1/ pF > 12 & & cDNA 24 » %
%-20°C #% * o

% 0.2 mLPCR tube # 4r » 10 uL 2. 5X fusion DNA Polymerase buffer ~1 puL 2_
10 mM dNTP mix ~ 1 puL 2. 5 uM & & 3513 (T7-sal-F & T7-farm-F) ~ 1 uL 2. 5 uM
F w513 (PIVX-dT-Bam & NTU-dT-R) > 27 £ % 4 2. 4 uL 2. cDNA A 4 > 4§14
»~ 0.6 uL 2. Phusion DNA Polymerase (2 U/uL, NEB) > < {é4f -k T 50 uL o & 1212 F
e {7 PCRF Jis 1 94°C F Jie b & 48 > 42 % i& {7 94°C/30 4/ ~ 55°C/30 4, ~ 72°C/1
Ldh 0 30 BUATRE &0 Bis Y 72°C F 10 ~ 48 > #8832 4°C > B~5pul 2. PCR

A4 > 11 1.2% agarose gel/IX TAE & {7 T ik~ 47 » FE e fE8 # B8 > L #f1T

(Z)E P p

@ w o @ * QIAGEN®II  Gel Extraction Kit (QIAGEN, Duesseldorf,
Germany) » #-7 5 FE 8 DNA 7 B2 B> 7T > 22 r 15 mL e g ¢ » g ik
Bl e # 0 £ 4o~ 3 2R AAEAE 2 QX1 (QIAGEN)2? 10 pl QIAGEN II
(QIAGEN) > % > 50°C -kipth 10 » 48> T F IR 2 245t T4 & > WI935 313 -
%4 1 8,000 rpm s 144 f)d bk o £ 4~ 500 pl QX1 - = ¢ H
QIAGEN Il 353 R ¥ - 12 8,000 rpm &< 1 4 48 > @53 b i o 2 {4 » 500 ul PE
buffer » 4=4p & QIAGEN Il & /%353 5 » 12 8,000 rpm 3w 1 448 - L4704 H 30 1
T Bt FROFTREFENZTERICI0~ 4 U"{}E-i A PP o B fS 4~ 20
ul & F-k o #4piR 3 18 0 B2 50°C ks 5 4~ 48> £ 2 13,000 rpm g 1 4 4 o

3

|38 __/F /féi%ﬁ‘g’fﬂ%%‘%ﬁ_:u? ) [:"F’FW"»](7 *—Pﬁ/x ‘E\’ B 200C IE—F}I%Q" o
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(2)RYIPFEF BB IBETF &
#20pL 2 PIVX # 2 2 RNA w22 # 5 ** 15 mL g s g @ >4 » Sl
z_ 10X BSA-~5puL 2z 10X buffer 3~1 uL z. BamHI (20 U/uL, NEB)~1 pL 2z Sall (20
U/uL, NEB) » 12 & k4t & BAA % 50 pl - » 37°C AJ2 6 | Bl e 7 P w
CE oy~ :I&—ZHLpUC119§\ BE » 15 mLicd g g @ > 4o r 25 pb 2 10X
BSA -~ 25uL 2z 10X buffer 3~ 0.5 uL 2. BamHI ~ 0.5 pL 2 Sall » & {5 ™4 & 7 K4
ZARIAE L 250l N 3TCF A B R EFPRY T SIS LB Lul A4
1.2% agarose gel/IX TAE & {7 § 4 & 473 = & -

#-20 L 2. CVX 44 % & RNA it v Jc & 4 1 BamHI-HF (20U/uL, NEB)it 7
e o i P fo e @ 5 BamHI AL pUCLLO AR 7 it (73 BRE 1 5 J
4v » 5 ulL 10X Antartic phosphatase buffer (NEB) % 1.5 uL 2. Antartic phosphatase
(5U/uL, NEB) » & r-k4t & %884 5 50 ul > » 37°C & Jis 30 4 48 > £ >t 65°C &
10 ~ 48 0 2 “,% it 2 E 1 o Mg {8 11 1.2% agarose gel/IX TAE i& {7 & ik &4 47 > I i&

(Sl A

(T)EEF B
Po 1 pl @it 15 e pUCLLY % 3¢ 15 mL Ac® s § ¢ > e x 15 pb 2 10X
Ligation buffer (Fermentas, Burlington, Ontario, Canada) ~ 1 uL 10 mM ATP ~ 1 uL 2z
T4 DNA Ligase (5 U/uL, Thermo, Wilmington, USA) » & 4v » % it 2_4% % }2 RNA
CONA & > @ %A 5 15pL - R EHI B AEZETF IR LiFHEA T
* o
(7 )3 e
d -80°C 7k 44~ 1 %5 130 pL Eschericia coli DH5a F#x 2. % iz iz 7 1.5 mL

HBHCE > Bk RE A RS L RRLF B 2MAF e  H P g

12



MRk 30448 A2 CHKLAIZI0OF P EH IR S T R
FiR a3 %>t ¢ 3 100 ppmampicillin 22 LA T3 2 A > 37°C B R %

12-16 /] p= -

()2 FEEARL #F
L ARREFRYF &
EPE b LA TERAA Y2 H - FEFEE PCRY A H &
o P~ 0.2 mL PCR tube 4 » 45 pL # F’k ~025 pL 2 5 pM & v 2 F w515
(PIVX-F/IM13-F)2 5 uL 2X Taq DNA Polymerase Master Mix RED (Ampigon;
Tris-HCI pH 8.5, (NH4),S04, 3 mM MgCl,, 0.2% Tween 20°, 0.4 mM dNTPs, 0.2 U/l
Ampligon Taq DNA polymerase, Inert red dye and stabilizer) ; 4% ¥ ;52> & 8 - A%

SRR

R o R BBV EGERE FELAY F & o 11 TPersonal Thermocycler
(Whatman Biometra GmbH, Gottingen, Germany)r/ = 7|i% 2 & (7 £ Ji: 94°C ¥ & 5
A FFie (7 94°C /30 4y ~55°C /30 45 ~ 72°C /1 » 4 > 30 B JEIF s 0 i 1Y
72°C 7 Jis 10 &= 48> #5883 4°C - F Jg = = {12 1% agarose gel/1X TAE i& {7 § %

AAr o PHER AL Rk £ DNA i -

2. ] £ FHW DNA B H g2 6538
PeE-H - F3% 3 7 100 ppm ampicillin sh5mLLB # > 37°C 1 % 44 ¢ 12 250
rpm 2 iF 32 % 12-16 - ¥ ; £k (4 ik 3% FavorPrep™™ Plasmid Extraction Mini Kit
(Favorgen , Ping Tung, Taiwan):& 3k 2. = ;2 3£ (7] £ 4 DNA 22 ® & o #9750 it o
ot DNA MR R i Ul ies & 3 1 i 7 2 IR F s F o 02 1%

agarose gel/IX TAE 3£ {7 % /A~ 37 > $E H ¥ PapeniEsith > 27~ EFHAY -

13



3.pUC-P1 dRNA 2 #f

#-PiVX % 2844 % 12 RNA iE 78 $& p35S-P1-4 (f#, 2012)> 12 *2 4| f= Stul 2 BamHI
EfFpE 7 F Jsfs 0 % PLARNA B33 3 T7 fd+ vt - 4 pUC-P1
dRNA- % 4 #-p355-P1-39 & pUC-PiVX 4 &) 12 #2141 Stul (10 U/uL, NEB)£2 BamHI
(20 U/uL, NEB)it 7 fis*7 & & 18 » 14 1% agarose gel/1X TAE i& {7 & & & 47 » & &Pt
i 707 bp £2 3242 bp 2. # > BT TS ?Jﬁ’f » T4k 5xp2 44 M RNA 0
CONA #E - 84 5 & 7 # 4 L RNA 2 555 7 FehpUCLLO {48 - -5 ¥ it 7 3%
& F e > & E. coli DHSa Atk 2 2% i fmPe 32 (g 3] 17 % o 112 PIVX-F & M13-F
513 $ 27 FE RCR 4 g ¢ S 2 i » SRS (7 ) £ F 1 DNA @ # >

H-F A8 2 Stul 22 BamHI <& {7 s 27 > v FE T Fr 2 R T A% = pUC-P1 dRNA

Vm

ZiER -

4. B g4
2 GeneDoc (Multiple Sequence Alignment Editor & Shading Ustility, Version
2.5.000). 5 A = = 24 % f£ RNA - 1 12 Clustal X (Thompson et al., 1994):& {7 /&
745 & 2 Vector-NTI (NTI Advance™ 11.0, Invitrogen, Carlsbad, California, USA)

€7 4 74 47 o 5 i 12 MFOLD i 7 RNA = 5 S 47771 -

T~ 3 e WG

(-) Rfipse ] TRy

B £ % % 2 7% DNA : pUC-PiVX » pUC-P1 dRNA ~ pUC-1P dRNA ~ pUC-2P
dRNA ~ pUC-5P dRNA » 2 "4 f% % BamHI i& 7 fi=*» £ & {6 > 12 1% agarose gel/1X
TAE 23 A7 md F B2t @Ryt vz B R FHE

-20°C rkfa % * o

14



(=) 2R EEF R

B15mL 2 B gc ¢ o e n Lpug Fake BT 2 a8 DNA 7 5 ik o
2 5 ul 5X T7 transcription buffer (Invitrogen, Carlsbad, CA, USA) ~ 5 uL (ACU)TP (5
mM each) ~ 0.5 uL GTP (5 mM, Amersham Biosciences, Piscataway, NJ, USA) ~ 0.625
uL cap analog (10 mM NEB, Ipswish, MA, USA) ~ 0.5 pL rRNasin (40 U/uL , Promega,
Madison, W1, USA) % 1 uL T7 RNA polymerase (50 U/uL , Invitrogen) >+ 37°C ¥ Ji&
15 &~ 4578 > 4e » 45 uLGTP (5 mM) » 37 tf 5 50 uL > "Eis 4> 37°C F I
75 & 48 o P~ 50 B2 1pl 4 8 h @48 > 12 1% agarose gel/IX TAE i& (7 T &
Ao F Al UVP k sidp > 2 Image) 7 8 4 #et stz A § > flep e %3

5+-80°C # * o

I RIFHLZUG - BBEEL

(-) REFH2ZHUG

@ Ty BECF4RAAE f 0 3 180°C AR 4 ] BF o M iRIFE 2
RNase-free z_ ;% f5 o @ * eji e 5 4-63F * 2 3 % > =B E # 59> 2 700 mL 1%
FEMG LG R 248 S K FARRE S I WEI AT LI E EA
BEFRARE E AT RS o HE P BRI > A0y Ak g
2 FREALH 2 mm x4 mm 2 & iEHR o T4 BrEe @ 5 v 0.2 mM
minipore filter (Sartorius, Goettingen, Germany) i /g 25 mL enzyme digestion buffer
[25 mg BSA, 15 mg pectinase, 300 mg cellulose, 25 mL 0.55 M mannitol-0.1% MES
(PH5.7)] > T34 et @ B dm > @k 25°C F R 16 [ pr o F % = {8 fEis
Hehkutr @ E N O SR £z 150 PR AT RE RIS AR 0 R T
A% 4 15mLgmgzgg @ 0 2 300 rpm (KUBOTA 2010, Tokyo, Japan )&t 5 4

& o LIS IF F 54 Kk o 4o~ 2mL 0.55 M mannitol-0.1% MES - #=dp 4

15



PRIV RUUKS IS RIE o £ MBI F F =B 2 mL 0.55 M sucrose i3 % 0 @
I F ARINEM 4~ > A5 sucrose cushion o £ 12 300 rpm s 5 A 4 0 1 E i
s 3 4 FPAE € % 4 Aosucrose cushion £ mannitol-MES % i > 3) 2 iR ¢
R ewm B A FREE AT E Y 0 £ 4 » 5 mL 0.55 M mannitol-0.1% MES
B o EdpR 353 o 1 300rpm B 5 44 0 2L F R o L4 r 2mLOSSM
mannitol-0.1% MES i3 i% » #=4p @ /T4~ % o %18 2 300 rpm 3 5 A 4d > 2
2Rk Btk P £ ATR S 1 mL 0.55 M mannitol-0.1% MES ;3 @ 0 & & ¢ 3t
- F BRI R RMAET e R REP e lep > THE RN

8-11 X 10* cells/mL -

(=) REFHM2Z &M

#-4 X 10° BAF RAFHE 12 X 75 mm #2475 ¢ > 2 300 rpm
(KUBOTA 2010) 3. 5 4~ 45 - ﬂ%—i i T 100 ul ek o dE R R R A TS
IRF LRGP T 2 AMAEEM S R FTHRFRY CELR LB > B
T3 R A TR R K 150 ub PEG inoculation buffer (Jones et al., 1990)2. 4y
¢ 020 f) R A A H RS 40 T o A R R F 4~ 500 pl 055 M
mannitol-0.1% MES /3 /% 3=t » T ggdp @ /R £353 o B >k +F 10 ~ 4815 > 2 300 rpm
o b4 e BFE KR o 4 » 2mL 0.55 M mannitol-0.1% MES 3 % » i i
Apdp 2y g AR ® sk i £ ATR R R 2 A& F 2 PEG inoculation buffere 2 300 rpm
LN IVA R ﬂ,érté. R % >4 » 750 plL protoplast culture medium (Jones et al., 1990)
TAgdpdp M) E AN 303 RS RS 0 TR T 0 2t 25°C kR T R A& 48 )
P o

(Z) R4 T2 2 RNA 2 §B8 2 45

Pridasz A FREdpRES o 7 300 rpm e 544 “,*T.é Rt

#mdk 2o o 2 B4 4 Plant Total RNA Extraction Miniprep System & {7/ & > RNA

16



ot

2.5 B o

P~z Jp 2 B8 > RNA - P~ 5l 2 1% agarose gel/1X TAE & {7 & 7

A5 a2 RNA B 30-20°C ki * o N E R84 S e g At o

A A RNA Gd Fr 24

B AKX 4 RNA B33+ 3 CaMV 35S fe#+ _&ﬁ;wg_r s i e f{&%ii
p35S-P1dRNA 7% 155 nt i E - Stul *» &> 12 2 pUC119 4 55 2 BamHl >~
o BB i ek % 4 RNA d pUC B 4% 3] p35S 48+ » #7% 2.2 2 &2 573 4pF -
AR 4582 0 FiEo FAREEAR L 15mLkEgeE P 4o r 20
ng p35S-PiVX # p35S-PiVX-dRNAs » & ¢ BF 4c » 20 pg p35S-PivVX &
P35S-PiVX-dRNAS » # 12 ddH O #1335 40 I o 3 Fdmdm i fiz o HE
Bl bl R AMRE HRBRS FHIE SRS FRES
BEF 108 20 X AN RAEY FRE  2FHP > RNAZ F s

4 -

SN AIRFEREZAN

(- )PiVX 5’38 ~ CVX 3’82 EGFP % — |+ DNA 542 % #

2 p35S-PiVX ~ pUC-CVX3 £ pGR-PiVX-EGFP 3 #4 » §1* PCR & Ji 4 4
Wi PiVX 5z ~CVX3:42 EGFP & — 4 DNA ¥4+ i@ * 2. 313 $40™ : PiVX
i * PIVX-F & 37-R6 513 > CVX # * Farm-F £ Farm-R1 513 > EGFP B¢ *
Sacll-EGFP-F £ Xhol-EGFP-R 31+ - P~5 ng 2 #i-3 DNA 4t » 0.2 mL PCR tube
® 5 ¥4~ 5l 10X DyNAzyme™ buffer (Finnzyme, Espoo, Finland) ~ 2 pL 10X
Digoxigenin (DIG)-11-dUTP labeling mix (Roche Applied Science, Mannheim,
Germany) ~ 25 pL 5 uM I %313 25 uL 5 pM £ %313 > 4~ 05 puL
DyNAyme™ I DNA Polymerase (2 U/uL, Finnzyme) » & {44 -k 2 50 pL o i 12 = 7|

i 23817 PCR: 94°C F Jiu 5 A 46> 42 % i& 7 94°C /30 4} ~ 55°C /30 4} ~ 72°C /30 4, -

17



30 BUETRF o Bte 1 T2°CF 10 A 45> 8 T 4°Ce P2l 2 PCR & 4 14
1.2% agarose gel/IX TAE & {7 L /A 47 » Frsif 4 L Azfs - AR 10 8 » 4 %1 0.2

mL PCR tube ¢ » % »+-80°C 7k % * -

(=) A i

P~ 54 > RNA> 4 » 884 2 2X RNA loading Dye (Fermentas, Bulington,
Ontario, Canada) > ;2 £ 353 {412 70°C 4c#4 10 A48 > 2B 7kt 5 o dh > MjER
RNA 7= 5 4 o 45 F #ad2 = 2k &1 1% agarose gel/IX TAE it {7 T 74 4 45
EAI* £ g iz A7 H RNA # 6 3 £ 409 (Hybond-N*, GE Healthcare,
Buckinghamshire, UK)_} » # 3% 5 8- & v < 33 48 ihjg ) (3MM, Whatman,
England)*c fee 230K 2 g b > T RIgAA LN g 0 UEFEP 2
20X SSC buffer (AMRESCO, Solon, OH, USA) - ja A % /B Ris » #BF ® 5 3
W hpAt o E L ¢ 51 20X SSCbuffer R GR A8 2 5k A0 bk Iy

SRR F T T R o B F U E AR B % 3 £ 20X SSC buffer i 4z 0 I

Pil
¥

PRI WA kAR B UE R TR TEE 1216 /| B o

() *3REF R

g R BRI B I SR gz (838 (7 UV crosslinking (UV
Stratalinker 1800, Stratagene, La Jolla, CA, USA) > ¢ RNA B 3t R F5 5 F o 353 1Y
K 7# (Roche Applied Science, Mannheim, Germany)i :& 2. = ;2 8% 4c i 22 18 {7 o 1Y
e+ #-£ 37553~ o3 20 mL hybridization solution 2 32 & & @ > 3¢ 50°C z 32 & 44
(YIH DER HR-80, Taiwan)® - 12 10 rpm i& {7 pre-hybridization * & 1 -] F¥ - DNA
PRI AR B R FREF 0 % 4 %2 20 ub DNA F 42 96°C =% 10
A A IR A ERS a4s > BT84 {8 50 ~ hybridization solution » »t 50°C T

fi¢ 10rpm i 7322 F i 12-16 /) B o

18



F R &1 Bl R AT 4o~ i £ % B3 % (2X SSC, 0.1% SDS)*+ % i§ 2.
ik 2o & % 10 A 4o e~ i BIEH T 65°C 2 ¢4 B3 5% (0.1X SSC, 0.1% SDS)

* 65°C BBk 2 k> & =x 15 & 45 o4& ¥ i £ 2 Buffer | (11.61 g maleic acid, 30

Rl

mL 5 M NaCl, 8 g NaOH, 4r ddH,O I 1L)* g Bz L4591 » 45 > £ 12 100 mL
Buffer 11 (10 mL 10% Blocking reagent, 90 mL Buffer 1)>* % & = 2 50 rpm & F 30 &~
4 - # ¥ P~ 1 ulL alkaline phosphate-conjugated anti-DIG antibody (Roche Applied

Science, Mannheim, Germany)+4x » 20 mL 2z Buffer Il » »* 8 7 12 50 rpm & F 45

A 4B o PRI i £ Buffer Iﬁ"i,f,’_'f}ﬁ H 2 &K 1540\;%_0/ PENE I -

a\

ST AP Y 5 4o~ 600 ul CDP-Star (PerkinElmer, Waltham, MA, USA) » >t

El-]

Lo ? T A5 M4BT 0 kA SRR UEHT I X R EFRE S FRA Y

2

TRREE .

3
it

A~ pUC-P1-EF 2 pUC-P1-E 2 ##

#02 PLARNA 55 LR LR Fy N EFUA L R E Fd B
PIVX & 3-v =t 2 T4 RNA g5 > 8 f67 | {0k 2 % ¢ § %50 » FL R
PUC-P1-EF 2 pUC-P1-E- ¢ £33+ 5 Sacll *» iz & = 31+ P1-Sacll-R» 12 2 #
3 Hpal 2 Xhol *» i=2_ ¥ = 31+ Pl-Hpal-Xhol-R > fie & & » 51+ PiVX-map-F1 -
Fi* F e B & prsasy & i (inverse PCR) t pUC-P1 7 RARP & CP 2 & 73 4x Sacll
20 4 pUC-PLS 1 & £ 413 9 Hpal # Xhol +» i » £ 5 pUC-PIHX - =
Z4eT 1 B~— 0.2 mL PCR tube “4c » 3 ng pUC-P1 dRNA -~ 4 uL 2. 5X fusion HF
buffer (NEB, Ipswish, MA, USA) ~ 1 uL 2. 10 MM dNTP mix ~ 1 uL 2 5 uM & = 3l
F ~1lpuL 2 5uM & w513 5 5§ {84 » 0.6 uL 2. Phusion DNA Polymerase (2U/pL,
NEB) » B {84k % 20 L » & £353 {5:2 7 inverse PCR - & % 2407 96°C &
M5 A48 Fiei7 96°C/304) ~60°C/1 » 45 ~72°C/5 ~ 48> 25 BiFRF b &

1510 72°C F R 10 ~ 4> ¥ '8 3 4°C -
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BP R BF AR F BB 15mL g 4~ 1.5 uL 10X T4
DNA ligase buffer (Fermentas, ulington, Ontario, Canada)~1 uL 10 mM ATP & 1 uL T4
polynucleotide kinase (10 U/uL, NEB) » i 4v » ¥ it {5 e PCR A 4~ 1 3 WA 5 15
ul > % 37°C 7% 1 ] pF o £ 4c » 0.5 uL 10X T4 DNA ligase buffer ~ 1 uL 10 mM
ATP ~ 0.5 uL T4 DNA ligase (5 U/uL, Thermo, Wilmington, USA)%* 3 uL ddH,0 » *%
FET R ALPE S T LT R FEA] o 538 H5E PCR v £ R T I
Fig 0 T & T4 DNA -

#-pGR-PIVX-EGFP (i#, 2012)2 % 4 Sacll *» =57 pUC-P1S » 4 u| 12 Sacll %
Xmal fix+» {8 » 12 1% agarose gel/IX TAE & {7 74 &~ 47 » j& 7 PHFIH F B - T
PRyl BFEFREF B A EFEFEI Y > L5 F% PCR
i S ) B FHMAR DS mRg o L d T AME AR 2 pUC-PL-EF
2 A (B x)o 4k = 2 4] * Hpal 2 Xhol $+ pGR-PiVX-EGFP 4= 3 Hpal-Xhol
7 imeh pUC-PIHX & fFps> » A 047 PR P BB M BREF B MR

PUC-P1-E (Blz) -

1 ~p35S-PL-E & pGR-PL-E 2 {5

© A = %2 p35S-PIVX-PL (M, 2012)¢ pGR-PiVX (i, 2012) » 2 %
PUC-P1-E % # 5 Stul 2 BamHI 2 *» = > Tyt ¢ * i&a flas 2 = 71 DNA i&
Fpesr > 12 2 R EF o @ 2% p36S-P1-E & pGR-PL-E 2 $5 > #rig *
2525734k o
L~ B PIVX 4f /2 cis-acting elements 4" 47

(-) BRAHF FEARZ# 4 ERNA

f]#* ¥ 4o pUC-PIVX-P1 dRNA 2. CP % § F & dzdsim g - B &2 B o sls
PiVX-map-F1 > 2 %32 RARP % 7 % ¥ 2 F =38 & - 28 &2 F w5l 3

PiVX-map-R3 £ PiVX-map-R4 > m T* 5]fe > fe ¥ PCR * Bz & 3 ng z

20



pUC-PiVX-P1 dRNA -~ 3 uL 5X Phusion HF buffer (NEB, Ipswish, MA, USA) ~1 uL 10
mM dNTP mix ~ 1 pL 2 5 pM & % 315 PiVX-map-F1~1 pL 2 5 M 5 #3513
(PiVX-map-R3 ¥2 PiVX-map-R4) ~ 1 uL Phusion DNA polymerase (2 U/uL, NEB) s 4
'k 20l F iE i 5:96°C F 5 4480 £ F e (7 96°C/30 ) ~ B55°C/1 4~ 4 -
72°CI3 #4825 B 5T F s> B M 72°C F 10 A48 > 88 1 4°Co 21 pL
A 4711 1% agarose gel/IX TAE :& 7 T A 2 17 » FE 2 5 8 P B & [ {8 #-Fl4R A
PEFRERY T

SRR F B 15mLikEdr e g e 115 UL PE YA Y > &
F4v ~ 1.5l 2. 10X T4 ligase buffer (Fermentas, Burlington, Ontario, Canada) ~ 1 puL
2. 10 MM ATP £ 1ul 2 T4 Polynucleotide kinase (NEB) » s #8 4 % 15 pL > »t 37°C
FRL B - EFEEFHEF R > #05uL 2 10X ligase buffer (Fermentas) ~ 1 uL
z_. 10 mM ATP ~ £ 0.5 uL 2z T4 DNA Ligase (5 U/uL, Thermo, Wilmington, USA)+«
»E hibAFd o Aok T 20Ul 3t 4°C F OB MR R (s o A HEA) F* o 12 PIVX-F
$ MI3-F iF 5513 #2775 PCR> $E B EFFH 2 ik 7- £ 74 DNA 4
Ao R = 2 TR DNA 0 Pl i e > MRE P T RE2 B 'E R F A

#2 5 pUC-P1-R3 & pUC-P1-R4 -

(=) AX R TS, 7
®% 452 FE etk DT R A TR A > 11 PIVX 2 4 f 0 ety
#7 P1-R3/P1-R4 2 4 #*h 454 » £ b & H P38 (X 2 #cvt 1:10) 0 546 48 | P&

o4 B~ 2 FAE 2 RNA > Tt 3 e & F i (7447 o

Lo NRABEWERAY
H & £ k4246 p35S-PiVX 22 p35S-P1-EGFP % 20ug & v ¥ & % > 5481 20

T FEjee F ok AE G 1g 0 e » 500 pl 0.01 M sodium phosphate buffer (pH 7.4) » %
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i 180°C iR L AT EE P A B o B F AL BAER R E R A S

FAV2ZZ4T  TRRIN G- B EEFLWE 2 RNAY FET B - 0

S
|3
&

EEH o MRBLEF S R AR

Lo R ELS R o d R R
(=) B4 EE
FUI* % fs § 4 % # pGR-PiVX ~ pGR-P1-EGFP ~ pBING61 ~ pBIN61-P19 %

G

PBING1-GFP # %] = R % f7 Agrobacterium tumefaciens Ftk C58C1 ¥ - B~ 1 pg 4«
2 FRDNA e 2 2 izimee ¥ s dedpis & ~ R fi§ 1 o4 £ #3 37°C-kip 5
AA O EFSr ImL2XDYT R %% B0 28°C % f g 250 rpm BT 5 %
2 -] pF - 12 13,000 rpm (Sorvall Legend Micro 17 Centrifuge, Thermo, Wilmington,
USA)ds 1448 > §7 100l F iFi > w3k (6 PP RGFEE > 92427

S - FEYREA AL

(=) BRI

Ky AR PEE - {1 77 50 ppm kanamycin 2. LB 3z &g ¢ 5t 28°C
¥ % §4 29k 250 rpm 2782 % 12-16 - pFe 12 MMA [10 mM MES (pH 5.6), 10 mM
MgCly, 200 uM acetosyringone] ¥t H## > 2 r2 5500 rpm (Centrifuge Z 383 K, Hermle,
Wehingen, Germany)gg.< 15 4 48 » 2 “f—‘ Firis o Avr IMLMMA w3 ik b
FHER R D ODgo 20 05 ¥ % mAEE2 1 ML A F st 4% apF

B Fo s E S LS 34825 FAE

-+ = ~ B 4% {id 8+ 4 3 Tomato bushy stunt virus (TBSV) P19 3¢ *# ¥ 2 v ¥
(-) MR F% R PLO 3¥ {3 £ 4 B EGFP

B 45 34 R 2 G Fitk o o R L6 4 R pBin6l-P19-mycko %
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PBIn6l > — = {4 & % | 4248 p35S-PIVX 2 p35S-P1-E I i1 &t L & Ferpr i v
WoRMDZEEApRGES X B REBEMAE 2 anti-GFP 2 anti-PiVX i

Fov 2 - IFAREF T P EA AT T HRIES ¥ KR ARFA

(=) ™ B4 ¥4 % P19 & EGFP
Be 45 % 4 chFE E % 6 ¥ 45tk 0 # pGR-PIVX % pGR-PL-E #
pBin61-P19-myc-ko £ pBin6l 17 B 4% Fiiddi2 g2 E 5 > 5 X BB AE

SRS T R

Lw s F 3 EFE AR
(=) ®p s BT A

r2 Hofel 3-¢ & € /& % 5 (Mighty Small Il E 250, Pharmacia Biotech) i& {7 & 5 ’11:
ek MR A5 L& 12.5%2 4 4 4 (separating gel) : & E4x ¢ & B 4 ~ 12.6
mL ddH,0 ~ 9.375 mL 40% acrylamide/bisacrylamide ~ 7.5 mL 1.5 M Tris-HCI (pH
88) ~ 03 mL 10% sodium dodecyl sulfate (SDS) -~ 0.03 mL
N,N,N’,N’-tetramethylethylene diamine (TEMED) 2 0.15 mL 20% ammonium
persulfate (APS) ; P-id £ R 'E 3R R &1 > LG » EY B > F 2 T4
» 1mLOS%IEp » & o LR - R X 30 44T o B - ZFfE SNE &
¥ %Y (stacking gel) : A ¢ & B 4 » 9 mL ddH,O -~ 1.875 mL 40%

acrylamide/bisacrylamide ~3.75 mL 1.0 M Tris-HCI (pH 6.8) ~0.15 mL 10% SDS-~0.015

-
.

ML TEMED % 0.12 mL 20% APS » P £ &S R 3R R £353 {6 > X1 » 4
1-2 mLz EF8T A3 > > T & fa(comb) - FHRWERFL > /]

AR R R AT LY T
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(=) #&8E 2 RP FRL BHTALH

P B A 0 B0 180°C AUTz FakY o SFhr BB RAEF 0 U
Mt g R o 32 ¥ 4o 4 1R 53 8§ 49 GUS extraction buffer (5 mL 0.5 M
EDTA, 250 uL 100% Triton X-100, 175 uL 14.3 M B-mercaptoethanol, 0.25 g SDS,
0.83 g NaH,POy, 1.93 g Na;HPO,, pH 8.0, 4 ddH,0 & 250 mL) » 458 & 353 14
F > 1.5mL #cE e ? » 213,000 rpm (Centrifuge Z216MK, HERMLE, Wehingen,
Germany)#t.« 10 4 48 o P~ 15 uL 2.+ 5i% o 5 ub 4X SDS sample buffer (50 mM
Tris-HCI, pH 6.8, 2% SDS, 10% glycerol, 1% p-mercaptoethanol, 12.5 mM EDTA,

0.02% bromophenol blue)i® & 323 -t 96°C 4v # 10 &~ 45 > # F-v TR - £ F 4

=
N

?ﬁﬁiﬂﬁm’ﬁﬂagiiiﬁ&@’%?@mmﬂoiﬂéiai%@
B %548 > 2 Coomassie brilliant R-250 (CBR)4 ¢ @2 » 2 {8 ¥ 2 {7 d = 3 © 4

=

F R e

(2) LBEREF A

4 & 43 Molercular Cloning #7# 2. * ;# (Sambrook and Russell, 2001) : :#-
T AR R L e 422 & CAPS (10 mM CAPS, 0.32 mM DTT, 15% methanol, pH
10.5)® 2 E T2 50 rpm Lk 10 A B F R T - A 3 48(8.3 X 6.6 cm?d)
0 F ~ -] 22 Hybond™ - PVDF 5= (Millipore, Darmstadt, Germany) £2 & 3& 4p f¢ ~ |-
g A o 12 ® Fg(methanol);= /& PVDF % > £ 272> CAPS ¥ » I #jp A~ Zie 3t
CAPS f o2 ¥ & A el tR2 T iRir 4 1 — 5Rig X ~PVDF 50~ 2 3948 2 g X >
FEF AR TR o 2 100 mA 2§ oondg e > e 30 A 48 B0 PVDF s B
%12 PBS e % 2 5% g ¢ 0 2t 37°C B F B 1) B o A 45 4o~ 12 1%
%R s - 10,000 # 2 anti-PiVX - = #idd 0 & 1§ 2000 % 2 anti-GFP - = 4%
Mo 3CRITF RL P PBST,F wZ X o B XIS L4 £ Ao r 12 1%

%7545 4 A H 20,000 1 2 7 dg {LAEAL AR S AR 2 anti-rabbit = = fad >t 37°C &
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FFE R L1 B )Fe 2 PBST ipii;*o}_ x> A& =x 15 &4 o & fé4c» 1 mL
chemiluminescent HRP substrate (Millipore) » & & 5 4 4ap » g & (7R 5 o ke &

\ P
PEBRESE

25



- ~PiVX# %2 RNAZE#ZZ L7

*F B R F 2010 48 PIVX-P37 &2 dtkz ds ki tk? > ¥ X RA 4

PiVX 4 %2 2 RNA > # i@ 7 18 4 5 5 PL 4 4 2 RNA (M, 2012) - @ 4
FraER L $aAlax KA 4 2 PiVX a4 B RNA & E 0 & PIVX 4 B4 Iﬁaa

2T 0 AFEEFSE A RNA JI* v B E 2 g 4 PIVX ehlide

i

54 HR(FL 2 F54E4k) » 5B~ > RNA > £ 1% #-4 PIVX & 7148 5’28 1-29 iy
A PIVX-F 5 & %3513 > @ F w3l 3 PIVX-dT-Bam 7 &4 3°=4-¢ 42 poly A tp
46 BRI HREFE - MAEE > X epoly A R:EF 5 - B BamHI 2 im0 5d F
Wi T PR LAY F il MDA o d B 5T 551 kb~ 0.85 kb
2 4 0.6 kbt P B DNA 534 (fdf— ) o #ig it DNA ¥ A B> T @it s
gz e 730 pUC-PL 5 7 & > &2 pUC119 i\%ﬁ"l/ Sall 2 BamHI g#*» » £ & {7
& F & 5 #F 3] 1 Eschericia coli DH5a Ftk® - 3 &3t 7 5 ampicillin &
LA T3 £ A o ug 8B 72 B 7% 2 PCR & 7 &3 - 0 PCR A4 ~ /] & Fieh
Flee PP~ 10 BEAK NPT HDNA £ SR ZRs7 T AT I L] o
P EP-6 BPEAREFES > BEXFREY 2B L2EPIVX A mH 4
PiVX 4 4 42 RNA# & = 3f5p3] > A % fz 5 IP-2P & 5P 2 2P 5 2 BiE
ZEtk 0 AP 2 BP £ 1B 5 4c b 2 % £ § hPL(FR, 2012) » F]pt B o PIVX 42 % {4
RNA £ 5 45538 ¢ 1P 2 P10 55 % F PIVX = 5 UTR &2 3%~ RdRP
AF2 B> PAd CP A FA B 7|82 2 &0 3UTR #rie 2 (Bl- A) o 2P &
BP 1 5% 5 i e84 0 A K AR DL 0 fe 3N FrA 5 CP AT R R RAF
FI3UTR (Bl- A)e 2 iFims$7H B 7> 1P ¥ P1L 2 et 1P BF & 5

A AR AW A5 TAT B R 305 262 B H K B (7 7 polyA)
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51009 By H L @ PLenS sy 340 & 4 645 B22 196 B > & 5 841
B pe 2P g7 534 521 BP0 4t 3443 BRHR o RER S 564
WAL 0 5P LK R G 610 WAL > d 57 578 B ke 318 82 B A
e (Bl- A)e 2P > FIPd v i % &E A k> 54 geneDoc 4 17 5 1P &
PL2 A71F O BPfpensd B (o) @ MARS THRIMS § Hk S it 8
BooA E R A R0 A L EFE N P RT AU R R(R- B)- A
BEERGG LBREEI o 1PV A B 225 BrehpEs £ d 0 PLRIE
$- Bd 193 BrRARiE S 2 kv A 2P 82 5P B4 w4 - B 145 B & 169

iRk pechd e Fd (B- B)o
~ RlRE PIVX 8 4 [ RNA S R4 ey 2 48 Bl

Ml R A2 ak % RNA 2 o gt Ao 47 £ EBr 4 ¢ © 4
Hets > U Image) &7 2B A7 LEFHALT R A FHEMAER o B PIVX 4+ 4
£ RNA & 3 PL~1P ~2P-1~2P-2~5P 2 4 ¢t g4kl - 2 7 ug ¥ jpdefd > &
TqeyBgor 1011 2 PIVX 28 BeiR & > SR RBIF TR 2 FilY 5 48
SRR A TR RNA Y 2 PIVX 57388 - PRl 2 30 s A 47 o F 5%
BRI RAPIVX 2 WY 0 ¢ PIVX A F18 RNA drust o 8 i
B PIVX 44 % 2 RNA % » A R Pl P 3u5 o @ 7 PIVX 4 2 42 RNA & PiVX
LR EBIEIEY > G PL NP A st 4 fE RNA GEF 5 1P B & 35 enje &
WEL I 2P B OP G BRI F (B )d S FHREET v B G OPIVX Y
Bipid s P A RNAPLZ IP A7 e #E R THYAFUARH 27

A PLevg a4 Sid 2P 22 5P P2 E45 8 4 o
Z ~RIBPIVX a4 [ RNA XY F4E 4k % ,%fuﬁ_t,?.ﬁﬁ‘; 4

AT R THMEBET HEE 0 PL 421 RNA 247 it 4 fd w4k 4
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RNA % i > fe 1P 4 % 12 RNA F p5+ ¢ P AT chif S0 (A 7 FL) » & & -
WAL PIVX 4 2 M RNA G i f o e a0 4 >3 ¥ 1P 4 2 2 RNA 4 pUC
Y8 % # 3 J CaMV 35S promoter 52§48 » 1244 9 p35S-1P < e I % %
41§ A h p35S-P1 (M, 2012)¢2 p35S-PiVX (%, 2010) - & Ir & ¥ fhixfd & 4-5 & ~
o Bk B FRB3IFVE - SE 102203 AN RBRBE S P AE
2o X EPRAES FRE2 > RNAY 2 PIVX 2 Bt i = e g &
e 7 o SR AT R PIVX anfer ™ > 3t A B2 0 F i e R 5 PL4 4 |
RNA 2 A #(Bl= A)efe 1P 2 PIVX ehfes T 52w 3t e FEBE % f# 1P chRNA
(A Do F) e graiE ok SERIEF IP HRNASL(Bl = A)- ¥ fhifi s & PiVX

#FAMRNA G RIT P &2 2 ME @RI LERNAZ AH(RIZ A)od it 7
G0 PLak 2 B RNA 72 PIVX - A= (7 A e ds > & IP 7 it R i AR E
EEAF RS e A o 0t RN 20 X 6 Kk S upskc 0 1P 44 % 12 RNA &
PIVX & I d 8 p » & 8 jpdafs PIVX chpiler m B ¥ 4 8 5 fe PL &% P27 PiVX

L REA m}fﬁfﬁ:ﬂk PiVX ¥ jpizfd m},%fﬁ:ﬂp = FREZ(B= B)-
=~ 2 PiIVX# 4 HRNA 3 f-'lﬂ%‘ TR v

(C)MEEXREIFHA PLEMA* H 3o X AFIMRNAKLEFF 22 RRE T
G232 AMEE ¥ kI 2 sk
AT % L PLA X RNA AT R TR i 4 hoid o 2 7 Ay

WG f b o # L PLAA %4 RNA 85 288 % k& iR 3
v oo % ¢ & F-v (enhanced green fluorescent protein, EGFP) i 5 #F i 3o » & *
3 87 e N AL EGFP ; # ¢ pUC-P1-EF %P1 4 £ 1+ RNA = RdRp N 3
2 EGFP )& f & 34 » b PFIRT A PIVX i 39 (Rlw); @ pUC-PL-E p| &
F% PIVX 3 3% = 2 F148 RNA fed 3 (i, 2012) » 442 4 3 EGFP B 5] ch=

£ 718 RNA » £ #:3) EGFP (Rlz) -
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#-P1-E ¥ PL-EF eh2 H b a0 8 g > &2 PIVX ghd 0 e+ e
BEIATORDTH BAEL48 | Ny LHEKREFRR LY ¥R
A2 RNA - £ a3 324 5 A4 RNA B 525 o £ 848 PIVX & PL-E i
FER R A A SEAB LT AT B FRARBI A £ RREAPIVX
# PL-EF cg® > PlEZ2ERFIF LAT(BI A)o # % PIVX 5543 - [irsz
EGFP = Ir B » B % # M2 PIVX £ P42 id2 > PLI-EF 4 Wik % > EipiR
* Plét % 1 RNA>PL-Eh% f E# > (B B): @ PL-EF B2 4 PIVX 4f W eh

fA5(MI C)o % £ 12 EGFP 4£ & iplpF » ¥ 5 7| P1-E &7 PiVX £ F & eri2 >

—m\

EFRPLEFE e ENS(RII B) 7 ZA4r A @RI FIFEH A 4 2 = AL 714 RNA -

(=) "9 FHKESH PLEWY 3 36 % AT RNAcH 3 £ R4 o % F

2 2%

N

FIPL-E &% R A B " PIVXAF®H » ZH#-PL-ER #3514 CaMV 358
promoter Sg#: 2 {48 F > Jr#%i p35S-P1-E - { #-p35S-P1-E ¥ P35S-PiVX £ &4 B
Wi 45 % d etk 520 X 0 # P4 > RNA > 12 EGFP & -
PHFEFM D REF B DU REREREY B L RE DY LD A RT
A5 12 47 p35S-P1-E & PIVX 1285 T 2. & Su #6525 o 0§ R R A LR
fsee FLAE W ”Ff‘ |5 3 p35S-PiVX & p35S-P1-E £ [r4&ficio H )k 5LE A
TS FRFY AM(BS A) BRI % F v ZAMeoA T REFRES
BT ¢7 p35S-PIVX £ 428 P > hv F % E T 1§ p|F) PI-E RNA 28 > & £4r

A ERITIFEH AL 2 XK FIMRNA(R = B) > @ His dZRI2F MELNIR o

I~ e RAFIFERIGS P19 H PIVX 4 4 12 RNA §*1 4 2. EGFP 2 B2
Ryp b3 %% > PL U484 3 EGFP droef 7 3 (BT 2 B+ ) > s 2R %

PL-ERAE»#E 2 FTHES ¥tk 7 s> e s 5 kil p 3] EGFP RNA
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ZMo wd g R SRFEY RA THAEGFP 2 (XA N7 FR) A A
B end kR0 LR A AR (R T FOR)  3RIT il E_EGFP & At F R A M
G R TNR o St L AW F MehiR o K LAY AFE RIS
Tomato bushy stunt virus (TBSV)z. P19 % 4c 3 P1-E & 3 o 7 £ % pBIN61-P19 &
PBINGL ©2 B 4% Fii b4 3 43k % S3F ¥ 2 6 ¥ > 55— % {4 £ #5448 p35S-PiVX
#1 p35S-PL-E % § AJL ok 6 % 0 LB 5 X xR EE 0 12 PIVX-CP a4l
S GFPfasie o S A4 o SR BT 0 v ¥ ARPLO X2 £ 4 4 PLE
SHEGFP 23> 7 & PIVX o Fp i WD X AE - 7 B3] EGFP 4 3(F
= A)e FIFEEF A PIVX ehF i > 7 R F AF AR PLO a5EE 0 4 i R3] PiVX
il 39 (B B) > %7 A% F 2 PLO 39 /¥ § B4 PIVX chg 4 » e fri
;% ¢ P1-E 4 . EGFP(® - B) -

d 3% b ak AR P L 23R P19 £ 48 p35S-PiVX 7 p35S-P1-E ¥ 12 2 1 R
7l PIVX ehR # o #rjmi# 43 EGFP » 2R3 7 i 424607 2 4 L EGFP
S hpE A o ok p35S-PL-E B 3 3 T 4 B 4% FjLstiE el 1 pGR-P1-E >
21 pGR-PIVX (ir, 2012)% pBin-P19 & fr 1 B4 Fid stz HBH T &9 ¥ > Ik
Bob B BEEFE CEF A AFHR AT RDRIZ T HH R EL
PGR-PiVX ~ pGR-P1-E & pBin-GFP » ¢ /i 8+ pGR-PiVX 22 pGR-P1-E » & e i1 4¢
PGR-PiVX - pGR-P1-E # pBin-P19/pBin6l - ¢ % % & 7 & & § ;i %t pGR-PIVX
FE o Wi 1 PIVX-CP s 1 jp|FI2u 85 » fe v GFP Fikf 4rik 2% & i |52 P1
{44 2 EGFP (B~ B) o @ 14 R % itz 2 Mt a % o fcBofifdits 352
8 X R fBE > WA WP PIVXE de 2 2> 2 &2 R3] GFP 4 3R(F ~
A)> 27 M REFESS FanZ 2T RIEE2RY 0 Fla AAFELY AT

B .
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I ~ PiVX g #l4p B cis-acting elements 2_ 4 #5

#17 f3 PIVX 47 %l 4p B e cis-acting elements » A :E 47 #l i 4 B e Pl 4k 4

- RNA Z 4 247 PIVX 57 chk R4 A 2 RNA T R 2 TR R ffa 4 2

PE B PIVXFRAPRZ 2 Ao 117 7 & PLEY 39 (R A4 sk i
2L - gLz 853 PiVX-map-F1> 12 ¥ fe PiVX 2 RARP 7 I =% & - 1
L2 F w3 o R EREFEGF Ko AT 2 FEADRIRP ¥ 2 Pl

PUFREW S T 47 FERDEER A B 5 RI-RA FRA SRR &
% 1-515nt 2. # £ > R4 %% 1-435nt 2 * B (R4 A) -

#-pUC-R3 2 pUC-R4 12 BamHI # 732 (7 8 & it > i & 8 i 4 Bt drmy
£ HEBL 2 pUC-PIVX 2 2 B 4L P RBIHE RA FHY > 548 [ PFis
PRt T 2RNA B2 Ut iR RBRE - d RS R3Z R4
PIVX % #2487 2 48 > % 7 PIVX A T4 RNA ¢ » 77 i ip| 5| R3 2 R4 4 %
B RNA 2 B A% > 2 4% PIVX 4F et 4 527 Rt PLuk is— 2 (B4 B)-d 2%
T 4 PIVX 2 44 4 1 RNA £ & %% 1-435nt & 6482-6677 nt> ¥ hjr i i 4 48

AR PIVXAE 8 > ot R p B PIVX 4F 4R BE 2= cis-acting elements o

2~ I3 CVX 4 % RNA & PIVX §T24 T 355 5 R 2 T2 47 84 4
(-) CVX # 4 1+ RNA 2 BB & A
o BFe drp 4 CVX 2 2iv % 15tk 2 RNA » 12 CVX 5738 & — g slie i

Mt RLEF }@’ﬂzﬁxﬁu%ﬁ CVX 2 F11 RNA 5Lz ¢t > & 5 3% 5 /] &+ RNA

Jiy
)h—
I\
‘“H

SAL) 0 FER CVX Y PIVX - g 22 & 2 2 RNA - ]t » A7 )
*a e drg 4 CVX 2 PIVX ehic 4t % 45tk (F1 2 F5454k) > 538 > RNA» £
F1% &4 CVX A 7148 5°28 1-24 P e > 7 % 5= % H 4e T7 fad> 3+ 22 BamHlI

*r e T7-farm-F @i & w513 > @ & w513 5 NTU-dT-R- # 4 5 - & BamHI
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e ET A -2 d2poly A G 44 B E RS - PARE 0 B F
Gried SR LR F i MR AEEAYT o d BEVF I A 1kb 2 0.85Kkb s
$ P REe0 DNA G54 (itdi— ) o #-pt it DNA 5 Br 7 it > g2 pUCLLY E 48 1
BamHI &7 {5 » & {74k & F J& » 4% ¥ #2] 1 Eschericia coli DHSa fjth® » ¥ 3¢ %
% ampicillin s LA T2 £ A+ i (FiE 0 o WP B 4B B EE R A EE 0 J B
PCR %% < | T /i enjFh® > P+B~ 6 BE 78 4h$o B 141 DNA > L 585 v > Fd 2
EESEP ) o d P EP 3 BEAREFTILS > BFREFI - CVX k4 |2
RNA > # % C3 22 CO(RM- A) Fl4p- BEAKRGAE W15 > 28 CUX #4112
RNA-C3 2 C6 ¢ d 534 677 f: s 34591 B Hpes WL 5 1268 B
Hpe g 2 5UTR 2 3UTR> 11 2 314 RdRp & CP # #] - C3 & CVX-NTU
A7 16 i AL R 0 C6F 17 BaeAZ R 1 @A FrE- 7 bt RARP & 7]

¥ 188 B H s C35 Co> @ CO R T »=iApp 7 alanine & valine 2 % -
(Z)CVX# 4 RNA £ PIVX R T3R8 R Y 2478004

5 fRPIVX A 2y CVX 4 4 L RNA Z § e Hagdl > b EUHT R4 F
RE (7 RE - - & 2 3 2 CVX 442 RNA h2 88 ¢ 458 2 7 54 & 49> & 2 EtBr
¢ 2 B 0 1T Image) 7 XE AT BT HRMAER o B CVYX 44 4
1 RNAC3 2 C6 2 # &8¢t fdrtl » £ % 10 ng ¥ jp#add » & Z 4o PIVX 4 ¢t i
WAL NI Bt 10l L FREIAT REFHY 48 [ FENERE TH
2 2 RNA> 12 PIVX 52 CVX 5% - BiFs e 7 s 7 s o S %87 C3 2 C6
2 PIVX & 42875 7 PIVX 2 514 RNA s 5L vh 7 42 4 44 RNA B 4 (]
+ B) #&C3%2 COFAPIVXAHFH 2aKif PALR - ¥ jpifbC32 C6
A FFRG - BRI FRUELP B MO E b B AIT > i H k F BAR

Y
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2 it

- ~ PiVX & CVX # 4 £ RNA 2.5 %

A g PIVX 42 4 . RNA 2 CVX 4 4 £ RNA ¥ > 8 - FEH
RA FREREFT SHE Y ELDAI] LB%- AR FAIIE AT
EoiaS(B- 2B-L) &#F fapEaragpd gk 4 4 RNA 48 F (Li et al., 1989 ;
White et al., 1991 ; Calvert et al., 1996) - 2t i d =45 & ¢ & e PiVX 4- 4 1+ RNA »

d 5°z8 521-747 nt &2 3’28 32-262 nt £ #74e &

En

Ao MR A 4 {2 RNA 2 3 245

4 PIVX £ P M# T R4 FH - 23 PLE 1P ¥ 0 AT R 2 T2 4 1 (R
Z) Fiade PIVX 5°#5 645 nt 2 3°:8 196 nt % 5 A 5 R R+ ¥ 0k PIVX aE 4
fiz #5238 1 cis-acting elements - @ 2P % 5P 7 s kA 8 ¥ & E_FH 42 2 13754
L4 33 % (untranslated regions, UTR) > 3 3 % = )l%fﬂ 4 :f}is% 1353 UTR 2 H A £ en
AL A e ek ik 85 M (Olsthoorn et al., 1999 ; Gallie &
Kobayashi, 1994 ; Dreher, 1999 ; Roy et al., 2013) o p* #t » F] 2P 2 5P = 4% % i 3~
v BI04 FFaw IP 2 PLAT T i) v Rl G FTens k‘ﬁ# » ¥ 3 RNA
AF G e e Eodedf Bl F s(Kovalev & Nagy, 2014) » fei&i 8 s o d P a0 i
RV ket b RSPV 3 UTR @i Y R4 Y il > & 55
ERF oAt T ARAT W o N S AT R A FTWEMAT R 7 PLARAE W avk
Ff o e i L IPHHUERS - FEH B TBSV #8424 TP RNA £
BANATRATHE > §FIEAR T A a4+ RNA ORAGHUFPEZ F
(Jones et al., 1990) o =3 Vav LA X A FHERAC OB ERBEA T F > X
Pl g2 1P srag s § P ¢ 7 Fo 5 Bt 2 18 687 4R 3 i 1A 5 R 2 TR Tk
BR e ¥k IPE PL2 B3 % T ERAR BT OBRERT LB(H
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o) RGEAENIEREFCRAKET T 1 B3 F o 1P & P1 X5 Mfold 3g R «h=
B A RL(CHEZ ) T Fla REA FFF U AFT R THE L PIVX
prRa AR R mIFRREE ¥ FE- HFTET -

HPIVX 4% 4 12 RNA & PIVX $f60 ¥ th2 %% 87 - PLi%§ PIVX 533
645Nt 2 3°x4 196 nt TV v FF AAMEHEIAF A IPHSHE PHERY
BAlg#PLE fri i R BE EFAF U B we BB - d %7 f B H

eip 4 0 JRPIF Lk 2 B 7@ 1P % % 3| PTGS 182 55(Szittya, 2002) - 2 § 4 4

- RNA s 7 i 4 § 222518 & L L 748 E & 2§ 55 (Makino et al., 1990) -
» mEptp 1P PL S NnAFIE R GRIIFLFF DR F > A RAZ2EF

Fult 4% % (Llamas et al., 2004 ; Zhang & Nuss, 2008) -

FEPLZ IPHRABHHE 2 FHE 6 Fiithen & (R 2 Bl =) &2 PIVX
W4 RNA 7 24 F @ pd i d i 2 Bavst 2 F 41 RNA
(Chenetal., 1994) - # % %= 7 iB42® ¥ € > #74 N HPIVX 4 % £ RNA i
TR mdAF AR S MG (A DT TH) RGN 2R P 4% 2 RNA
2 PIVX £ [ 3480 {mflia,{%:* & H jpda PiVX m[’%ﬁ:#ﬁ 7 < (Blz B)- a2
BRE P B E G A BHF AR AP RNA R HE S S pk L LR %
(Li etal, 1989 ; Romero et al., 1993) » # i it 2 £ RNA % 7 ¢ B2 54 24 5 4 47
Bl 2ra 2 TR RNARIE Rifetpd g TRk e A B Rl
4% A M RNA E_ A * ézﬁﬁ’vﬁfaxr 5 40 RARP ki (747 %] » FAN 0 AT ek 4 M
RNA = & et o Bt & R gnm w17 & 32 54 22 5 & 47 W (Lewandowski &
Dawson, 1998) o @ P & 24 e I 7 Frsg 24 i A gl endk £ (2 RNA § 0 457k i o 12

H Al AETT ko
- v PiVXé%i'}iRNA%?ﬁi)ﬁi?ﬁ%m(,l_imiﬂ
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#:(%, 2010) 2+ 5 2 PIVX § (e ifien— « BB FH A F 1262 b- B3
:),%i?%*g% LRI A s S o PP AR e wa%)];a%;f;é_éxﬁz LI 4
R AR RFG o PIVXEEB? 4 eniEdE - FIE 2 ldr s b7 ¢ A4 BE g

B CEFHPeWE AR YT HATT o T A B RNA £c B A RE R

~

GFA A @ A TS 3~ bR A FlEG 42 2 4 7 (Chapman et al.,
2002) : #e i gr A gk eak 4 RNA E5 U A RA T o A E L
BB Y REMRETY REPHE LR eF % d F Kk F-9 (enhanced green
fluorescent protein, EGFP)i® % ¢t k4L F] » 12 & 47 24 i “rf#;nmPlVX i% % 4 RNA
;WE%\' WFa; o FIPIVX 44 2 RNA 2 7P Pl AFET RA B2 0 FEKRD LR
Eryv plsl 2 R A(R=- 2 Bl=) Kor PL7 i &7 Riad @ g 8 3 4% PIVX
AL FI o A PEE Y PL G AR A TR o A F1L A5 L 12 RNA e
FRAEF B ¥ € 3F - BAFEEE N spenfd e S RA T SR E 39 (B
- )(Sandoval et al., 2008) » #2432 B 14 o~ > 2 £ L EGFP & #£5 7 PL-EF(Rl=z ) -
yehazF g2 }I%;}% 0l A& B 39 =t A Flgc#s + (subgenomic promoter, SGP) £ 3h 7t
R F-0 ehE e B * 48 T (Dawaon et al., 1989 ; Chapman et al., 1992) » # s i3 »

Pl PIVX 28§ SGP £ % ¢ & k4 F)(, 2012) > M@ 4 7 P1-E(®
m)ed A K8 PIVX £ 22T R4 M2 508 %47 0 11 SGP 4
EGFP 2 »c % i fh & 39 )38 E (BT )- % F1* Broad bean mottle bromovirus
(BBMV)#x 4 + 3£ 4 RNA 7 RdRP # 32 f# k&I GFP ehge & 39 - = 2 1L
G REAEY BBMV crF i fEft > ¢ MBI A AR GFP> ¥ GFP
i MBEAF T v UFHF 3B 2 2+ (Sandoval etal., 2008 ) o I 3L ¥ 8 5 5
12 PiVX 0 RARP #5382 44 4 L EGFP B 4.7 7 2 » 7 i £ PL-EF % § 2 <h
PIVX & 3v » R B« & d @244 8 Fl3 BBMV 2 £ {448 ¢ 7 GFP %
£ & % 1.7 kb (Sandoval et al., 2008) » m P1-EF ch& B 5 22kbo ¥ - ¥ it B 7l 2

R FHAET & FIBTI CLPLEPIVX & b {5 - RFlT
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B ip ki ie i o @ B2RHE-P1-E & PIVX & Rk 2 T2 %75 B 7 EGFP
RNA » e B3 5Lip ot o R fE Pl M (5 (BT B) > ¥ 12§ Sk Ag Aed L] 5 &
WATF LA F o S F Fpt d S HEF 2 E2 R EGFP 39 & (K d1 7 F)e gt ¢h
F)5 Pk 4 L EGFP 1 SGP 2 5°34 5 7 18 1 Pr i (3 3ov 4 5rde ko mh-61/-44) »
M ie— BB IIRILE T e £ F 4] PIVXgRNA % ff chwb i > FIR-H s '
gRNA 27 sgRNA 2 % #F £ 5T+ 2 (7, 2012) F)pt > § 7 i T 5 2 LB 7 ehis &

% % P1-E chgRNA 2 B2 F o Flpr 2 L PIVX enE s E 1 > » PL~ 353
HhRAFA AR E R R BAPIVXAF Ry T @ ¥ EGFP £ 5 1

*E e

Z N iIVX# 2B RNAY ¥RV BAT

PIVX ¥ fod 12, S A% foifommor » 0 g & kg 4 o gt f
TRl A P AR 3 L 1 RNA U8 - T F ¥ R4 FR fEw 1 PLE ¥ 12
W EGFP » gxit - # #-P1-E £ 4> 1 CaMV 35S fx#- chit 4 + » ¢2 p35S-PiVX %
it e Fid o §ops Ry LA R R RRAE 2 L SLE o EGFP
2N, B EGFP 2 RoxF ¥ 2 3 0 P AEF Bt FF AL R(FS
A)> @iz UV EmitT 3 2R EGFP 2 o v ¥ kL2 i F
Bw 0Lp ] EGFP enfh ff » e fed > #id F ot GFP #ufl 1 plenis & & 7 £ %

3BT P BA T GFP U8 > § BFRIILG U (A D A

“’m}&

SAL) o dwip v i PL-E fd
SN BE7 G EBRE  FNRAT UM REF BRI EGFP RNA 5L » (e
Fl g0 FenduR - R A A s @ GFP Skl 0k iR BB & _PL-E £ PiVX
- AR (T A RPEHBE PG - 384 4 2 M RNA K2R A FIEGFP 7] % (Dawson et al.,
1989 ; Scholthof, 1999) » ig s & > #EF 2 2% 7 ~fE < - H s ¥ it B FIEL A5 Il

FEOCE SN R TR A p GIBER E 5 R EGFP ehi e R i
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FI R ERATE HE Y IR A2 B REV DS ERAAR

e GFP g7 d = #32 4r ¥ BRI D35 -

=~ % 3R plO #4444 RNA §4482 23§

d a4 (3 RNA 2 RA TS F end e 7 %0 a7 & K F * A7
RSP+ plo ki m A g U 0 8D R4 RNAAAF Wi~ H 4
(Qiu & Scholthof, 2007)  F]pt » 34 i F b B 4% FiL 672 £ R pl9 e % 2 7
¥R RBPIVXEPLPM AR RARAT o SEHF plOchd Min S x4 ¢
i PIVX fd ¢ e 4 >+ 25 H 4 EGFP £ enfiin(@ = A)> Flu B
FiL % pBin-pl9 2 pBin6l 2 @ i R FIHPIVX 8 39 UELE 3 5 5@m ity &
1R AR FAIEE P R PIVX AT B gt R FI R A Feii bt e G -
LG o om R pA RS B2 AR AT g B PIVXAFESE Y o B1F R
EGFP e v N & A ot e % e PL /R it & PIVX 5 &7 £ R Rdy o
dONFEE G A PIVXARAEE L v pdp MR FIE RIS Ao d A F A
1R 2 4 (Ambros et al., 2011)> Flpt 24 B 241 % pl9s kBRI A_TE pl9 ¢ & PiVX
RATURAFY 0 A RPLMT AR EGFP - J %M FF AL plOF Y E
BEoE S EFERF PIVXE 39 RHE(B- B) MAT AR RFG] A b
R FIHHE o PIVX ¥ AT ER A BAPRZEZ AT PIVX 5 &
SFEEE S > 12 GFP Fus i ) 3] EGFP 2U55(B] = B) o gt & % Ao k22K pl9 chdk
I PIVX ¥ MR 3% o @ PIVXAF 8l PL chig 4 020 2 3924 » 7 i fede & o
FoooEe TS o R PLPMEE AR . ¥ VAR 2
RNA ML PIVX AF Tl & - L > Flp Dy FRAFZE 74§
NI B AT RAEF L > D FR UL LR FSOE Y §Eas T

SR RS 5 X RBE L R F] > @ 7 Pl AR AR o
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I~ BFLsE LR LI & PIVX a4 £ RNA £ #

Citrus tristeza virus (CTV) 1z B % Fii 72 & 2£F 3 7 37 (N. benthamiana) !
SHER O XVIERE AR HE R S p o DR LM R RS F Y
svg B 4 (Ambros et al., 2011) » + i P19 & P1 ' 487 o pF R B 32 2 i@ 24
iz #45 P19 & EGFP £ b+ R A enph P g > @ 1% BA: FiL oz ¥ pFi-
i 5 38 e 4k B 4 (Voinnet & Baulcombe, 1997) » F]pt 24 v - PiVX 22 P1-E 12 B &
FlAbtE iy > e » plO B4R PIVXE S 4 - d B~ B2 g%l
7o B ELEERY G B PIVX B AHE e A pehid ke CTV R 24 % 3
e (Ambros et al., 2011) » F]fe pFi3 &4 pl9 pF > PIVX 02 F # 4 eI % (B~ B) »
TAMBEEAT RES LG pac I f2R] PIVX £ 3§ AT kS
Bs oo T b S dedn e AR S5 B0 GFP FAl e 7 R iR en A PL R AL
PiVX g W @ % 3 EGFP(B] ~ B) - 3Rl ¥ it L3546 PIVX & P1 ' # chjp & iX * 7
o FIAPRAFT R P S PIVX & PL @S S g0 5 1
100 @ A B FAsnFR Y 5 1ilea s 7ap i 2 L RNA R a2t o
R R GY B RAGF S Gl B W md F A F A A B B
Il RNA 26 et B4 00 5 2 AL RNASBF ¥ RAT > ~ 337 {
SHELe Fob s AP ugple s 2 AR PIVX engF 29 o fr@iz na S @iz
R | PIVX 22 GFP th % #£ » @ ¥ i /2 & pBin-GFP chAJ2 s @2 |5 > 279 ¥
T A AEFRAIEFORE LR T E D PR AR R F I
Foo 22 kgt BB FFERO R §HE RS § 7 ahis 5 (Zhao Zhang et
al., 2013) > Jwip| 3 P ar i * R R FE TRy FAE G R R0 Fwreani 4 o A KT

rE RS R FE
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+ ~ PiVX ] 4p B 2. cis-acting elements ¥ 3

# A RNA 5 ¥ % RFF g g es JF%% 1 cis acting elements 2z_ 44 #L(Simon et al.,
2004; Pathak & Nagy, 2009) » @ % {5 1 f& PIVX eh B 73 > Tt s 4% B 5 &
AE A FHE 9 F T e PIVX A @ P4 2 12 RNA f?%@ AERER
EMFEFETRAFWPREEEL . P e dvif & PIVX A 7] 356-562nt F 32 17 £ 5

PIVX 4% % | RNA St e 4 B ff & L2 B 7|(M, 2012) » 12t 5 A2 - A s 5

)=

TRt FEEIR PR LA R PIVX 4 @49 B <5 cis-acting elements o X
FFMPIVX R & g 5 254350t 375 196" nt ¥ ¥ R 2 F AL PIVXAF
Bl R A RBRLE F PIVX g e M 2 cis-acting elements e @ £ ¥ & % g £
STy 0 F o PIVX B 7] 356 nt-435nt ®e st 7 v £ F & PIVXAE® 4 L dp b en s
7l o@m B Ave dr3F 5 Potexvirus {eh Sz % 3xb iR e HARE S EApBE o
£ ¢ A5 48 T «hstem loop (Kim & Hemenway, 1996 ; Pillai-Nair et al., 2003) » )4
Potato virus X (PVX)e#= 7 > H £ 'm¥z 44 & 4p B o cis-acting elements =3t PVX B
711-107 nt B 0 F QLR P05 - R ahstem loop (Lough et al., 2006) o ¥
L Mfold A At B 32 oo S HE( B ) 0 B % g 1] 354-394 nt
i@ stem loop Fif » fe & 7 doig £ F g S8 PIVX dhysiip i F {i&- ¥ 9

T UET e

= ~CVX# L RNA 2 247

B Potexvirus Bt 4 & L L RNA Fr 3 ¢ » AR kR e 4 e fd > &
SiEg et L ¢354 4 2 RNA(Calvert et al., 1996 White et al., 1991; Yeh
etal,,1999) - XM B kR Z PIVX @ F@iEdlo ¥ > RAKS - & )%T%jé EEN

4 M RNA endi L (pr, 2012) - @ PiVX 22 CVX o Potexvirus @ eni 582 F 4
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% - (%, 2010) > %A 4R CVX b3y € 75344 % 12 RNA o 4 B 4 CVX
2 ARtk 2 RNA 12 CVX 0 57 B — P gie (74 3 e b F o & (R0f
1 CVX 518 RNA 2 7 > 74 — ] &35 RNA LB (% 217 F4) 5 2 2 CVX
2 52 ko - 1513 T gEH D DNA G54 0 2 PiVX % Aisd 2 2 RNA &

BRARZ A (- ) FIPIVXECYX ¥ 7 bleic k4 52 HAESI AR R (F,
2010) » #es i E sk PIVX (e 5 4 e 3 0 87 CVX 44 2 L RNA 2 F 848505 §

2 FRE 4 SR CVX 44 2 RNA ¥ 4k PIVX 4 W (B ) - &4 Takeshita

o

5 A LR T ek 4 1 RNA 7 487 e e ps :sz‘si 48 B ehI % 4p e (Takeshita et al.,
2009) ° gt b > AR F A4 CVX 4k 4 1 RNA 2 = s fh 0 1207 gk PIVX 55
2 %R B R F M CVX £ 354-394nt + § — i stem loop FHe(*tsre ) Kr G 7
G B G PIVX SR ane & a0 B0t 2 87 MUAER LB F B N IR AR R
PR B P PIVX s anE & 2 o 2 Mfold SERIEA £ 12 RNA = s g4 0 8
F % B P15 1-394nt B CVX & PIVX € 2) 3 i ens s AR (ierT ) s @ 1
s ek RIRPIPE > P& E ?—, Tl PIVX g i iz = kﬁ# o ¥ A PlLZ%2 C372FE&
Boehs g IR RIRIN 0 % 7 g T & 354-394 nt gL dF F stem loop(& HiF R

e ST PN sy e 4 2 2
v = ll'L = @Ef#}'@?z |ﬂ&%% TF =

A 5%

FEAFLAPSH AT RA THE 9 FEiR o L PIVX 44 2 RNA £ 30

N—

hRATF 2 S MELE PIOZ AR PIVX T A B R AT E R > R irm etk
%'H‘RNA?%%\ER“?&%?];% pl9 I &% 34 PIVX R 46 F2 50 4 > F]t &2
BB 3k 4 4 RNA ;‘ AR E-e o AP FRIFERA CVX 34224 RNA» &4
Potexvirus & % 7 BAAF L 5 45 % 1 RNA ]+ o pbob > 2iprgsn PIVX 4 2 4

RNA %% % 7] 1-435 nt 7 4 PIVX 4 % > 887 2 p B2 § 7 #t RARP 343 e 4
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p B¢ < cis-acting elements o ¥ #F » - 4 A 453 3L PiVX &2 CVX & 7| 354-394 nt £
Foo TS B 00T A EAL PIVX FEBPM 0 R f R B R REER - A

PR AP 40 fRPIVX iha 3 i 2 R H 2 4 [ RNA B e b o
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Table 1. The primers used in this study.

Primer name Sequence (5°-37)

PiVX-F GGAAAACCAACCCAAACCAAACCTACCTC

PiVX-dTBam AGCTGGATCCTTTTTTTTTTTTTTTTTTTTCTGAAACTTG
CATTAAAACAGAAGGC

PiVX-E-T7-Sal  ATCGGTCGACTAATACGACTCACTATAGGAAAACCAACC
CAAACCAAACCTACCTC

PiV/X-map-F1 AACCACCTCCACTCTGGTGACTAAAGG

PiV/X-map-R3 TGGTGCATGGAGTTTTCTCCAGAT

PiV/X-map-Ré4 TTGATGAACTTGTCGTTCTGGTGTG

T7-Earm-E CGATGGATCCTAATACGACTCACTATAGGAAAACCAAC
CCCAACCCAAACC

NTU-dT-R CGTAGGATCCTTTTTTTTITTITTTTTTTTTTTTTTTGAAACT
TGCATTAAAAC

P1-Hpal-Xhol-R CTCGAGATCGTTAACAATGGCCTCAACTGGAAGT

P1-Sacll-R CCGCGGAATGGCCTCAACTGGAAGTACAAT

M13-F CGACGTTGTAAAACGACGGCCAGTG

EGFP-R1 TTGTACAGCTCGTCCATGCCGAG

Sacll-EGFP-F CCGCGGATGGTGAGCAAGGGCGAGGAGC

Xhol-EGFP-R

CTCGAGTTACTTGTACAGCTCGTCCATGCCG
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Fig. 1. The maps of Pitaya virus X (PiVX) defective RNAs and their predicted ORF.
There were three types (1P, 2P and 5P) of PiVX defective RNAs cloned from both
PiVX and CVX mixedly infected pitaya plants in this study. (A) The maps of PivVX and

its defective RNAs. P1 defective RNA was previously cloned from pitaya plant that was
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inoculated with PiVX-37 isolate (Chen, 2012). (B) The open reading frames of PiVX
defective RNAs predicted by GeneDoc. Blue block represents the region of retained
RdRP amino acids; dashed line represents the region of disappeared CP amino acids;

dashed line block represents the region of changed amino acids.
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P+5P ~ P+2P-1 2 P+2P-2 % £ Ir 4548 PIVX 2242 £ |2 RNA 2 1 ¢F 4588 2 i
P1~1P~5P~2P-1 2 2P-2 % ¥ jpiafd PiVX &4 4 |2 RNA 2 §8 *h & 6088 2 T o
gRNA = PiVX Z 7148 RNA;dARNA £ 4% % RNA 2. < /| # FI;TRNA % loading
control -
Fig. 2. The biological activity analysis of PiVX defective RNAs in Nicotiana
benthamiana protoplasts by northern hybridization. For analyzing biological activity of
PiVX defective RNAs, N. benthamiana protoplasts were inoculated with PiVX
defective RNA transcripts alone, or mixture of PiVX and PiVX defective RNA
transcripts (molar ratio 1:10). After 48 hour of protoplast inoculation, northern blot
assay was conducted with PiVX 5’ probe. Mock: sample inoculated with T7
transcription buffer; P: sample inoculated with PiVX transcripts alone; P+P1, P+1P,
P+5P, P+2P-1 and P+2P-2: samples inoculated with mixture of PiVX and PiVX
defective RNA transcripts; P1, 1P, 5P, 2P-1 and 2P-2: samples inoculated with PiVX
defective RNA transcripts. gRNA: size of PiVX genomic RNA; dRNA: sizes of PiVX
defective RNAs; rRNA: loading control.
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Fig. 3. Symptom and RNA accumulation of Chenopodium quinoa systemic leaves
caused by PiVX and PiVX defective RNA. Plasmid DNAs of PiVX and PiVX defective
RNAs driven by p35S promoter were inoculated to C. quinoa plants. After 20 days, the
systemic leaves were observed and analyzed. (A) Northern hybridization with PiVX 5’
probe. (B) Symptoms of C. quinoa systemic leaves. Mock: inoculated with ddH,0O; P:
inoculated p35S-PiVX alone; P+P1 and P+1P: inoculated with mixture of p35S-PiVX
and p35S-P1/p35S-1P; P1 and 1P: inoculated defective RNA alones. gRNA: size of

PiVX genomic RNA; rRNA used as loading control.
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Fig. 4. Schematic structure of pUC-P1-EF and pUC-P1-E construction. At first, Sacll
(pUC-P1S) and Hpal-Xhol (pUC-P1HX) sites between RARP and CP sequences of
pUC-P1 were created by PCR mutagenesis. Fragment of EGFP and PiVX CP genes of
PGR-PiVX-EGFP was cloned into pUC-P1S through the help of Sacll and Xmal
digestion and thus constructed pUC-P1-EF. In addition, EGFP with PiVX CP
subgenomic promoter was inserted between RARP and CP sequences of pUC-P1HX
with the help of Hpal and Xhol digestion and ligation for pUC-P1-E construction. Red

line represents PiVX CP subgenomic promoter.
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Fig. 5. The results of PiVX defective RNA-based vectors expressing foreign gene egfp
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by the ways of CP subgenomic promoter and fusion protein in N. benthamiana
protoplasts. Mixture of PiVX and P1-E or P1-EF transcripts were inoculated to N.
benthamiana protoplasts to express EGFP by PiVX CP subgenomic promoter or fusion
protein. After 48 hours of inoculation, protoplasts were observed and analyzed. (A) N.
benthamiana protoplasts were observed using an epifluorescence microscope.
Microscopic images of protoplast under visible light (bright light), and UV light using
Chroma filter set 41020 (GFP) and I3 filter. White line: 100 um. (B) Northern blot
assays were conducted with PiVX 5’probe and EGFP probe, (upper panel) and EGFP
probe alone (lower panel). (C) Northern blot assay was conducted with PiVX 5’probe
after 48 hours of inoculation. gRNA: size of PiVX genomic RNA; P1, P1-E and P1-EF:

sizes of PiVX defective RNAs; rRNA used as loading control.
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Fig. 6. The results of PiVX defective RNA-based vector expressing EGFP by the ways
of CP subgenomic promoter (P1-E) in C. quinoa. Plasmid DNA of PiVX and PiVX
defective RNAs driven by p35S promoter were inoculated to C. quinoa plants. After 20
days, the systemic leaves were observed by an epifluorescence microscope. Analysis by
northern hybridization and western blot simultaneously. (A) Microscopic images of

systemic leaf under visible light (bright field) and UV light using Chroma filter set
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41020 (GFP) and 13 filter. White line: 100um. (B) Northern hybridization by EGFP
probe. Mock: inoculated with ddH,0O; P: inoculated p35S-PiVX alone; P+P1 and
P+P1-E: inoculated with mixture of p35S-PiVX and p35S-P1/p35S-P1-E; P1 and P1-E:

inoculated defective RNA alone. rRNA used as loading control.
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Fig. 7. The influence of already transiently expressed p19 (gene silencing suppressor)
on the EGFP expression of PiVX defective RNA-based vector. N. benthamiana and C.
quinoa plants were agroinfiltrated with pBin-p19 or pBin61l and then mechanically
inoculated with p35S-PiVX and p35S-P1-E after 1 day. The inoculated leaves sere
harvested at 5 days of inoculation and analyzed by western blots with PiVX-CP and
GFP antibodies. (A) The result on C. quinoa. (B) The result on N. benthamiana. CP and
EGFP are indicated by arrows. M: inoculated with ddH,O; X: without agroinfiltration;
EV: agroinfiltrated with pBin6l; pl19: agroinfiltrated with pBin-pl9; GFP:
agroinfiltrated with pBin-GFP; P + P1-E: mechanically inoculated with p35S-PiVX and

p35S-P1-E. Rubisco (Rbc) used as loading control.
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Fig. 7. The influence of coexpressed p19 on the EGFP expression of PiVX defective
RNA-based vector. N. benthamiana and C. quinoa plants were co-agroinfiltrated with
pBin-p19/pBin61, pGR-PiVX and pGR-P1-E, and the inoculated leaves were harvested
after 5 days of injection. The western blots were detected by PiVX-CP and GFP
antibodies. (A) The result on C. quinoa. (B) The result on N. benthamiana. CP and
EGFP are indicated by arrows. M: injected with MMA; P: injected with pGR-PiVX;
P1-E: injected with pGR-P1-E; P + P1-E: injected with pGR-PiVX and pGR-P1-E; X:
injection without pBin61; p19: injected with pBin-p19; EV: injected with pBin61; GFP:

injected with pBin-GFP. Rubisco (Rbc) used as loading control.
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Fig 9. The influences of 5’ terminal length on the accumulation of PiVX defective RNA
in N. benthamiana protoplasts was analyzed by northern hybridization. (A) The maps of
PiVX defective RNAs with different lengths of 5’ terminus. (B) An RNA blot of total
RNA extracted from N. benthamiana protoplasts inoculated with PiVX or mixture with
PiVX defective RNA. Mock: sample inoculated with T7 transcription buffer; P: PiVX
transcripts inoculated alone; P+R3 and P+R4: samples inoculated with mixture of PiVX
and PiVX defective RNA transcripts. gRNA: size of PiVX genomic RNA; dRNA: size
of PiVX defective RNAs; rRNA used as loading control.
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Fig 10. The accumulation of Cactus virus X (CVX) defective RNAs replicated by PiVX

in N. benthamiana protoplasts. (A) The maps of defective RNA of CVX. (B) An RNA

blot of total RNA extracted from N. benthamiana protoplasts inoculated with PiVX or

mixture with CVX defective RNA, detecting by PiVX 5’ probe and CVX 5’ probe

simultaneously. Mock: sample inoculated with T7 transcription buffer; P: inoculated
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with PiVX transcripts alone; P+C3 and P+C6: samples inoculated with mixture of PiVX
and CVX defective RNA transcripts. C3 and C6: inoculated with CVX defective RNA
transcripts alone. gRNA: size of PiVX genomic RNA; dRNA: size of CVX defective
RNAs; rRNA used as loading control.
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Fig. S1. The result of amplified small fragments from pitaya plant by PiVX or CVX
specific primers, respectively. There are 1 kb, 0.85 kb and 0.6 kb DNA fragments
amplified by PiVX primers. There are 1 kb and 0.85 kb DNA fragments amplified by

CVX primers. F1 and F5 are the labels of two pitaya plants.
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240 * 260 . 280 G 300 i 320 2 340 ¥
ip tagagaatttaggtataattactaaccc gaagcacatacacacggagcggccaaagctatagagaatgacatgtacaatattgtagctaactacctcccaaaggaaasiicET
Pl tagagaatttaggtataattactaaccctiitggccatiigaagcacatacacacggagcggccaaagctatagagaatgacatgtacaatattgtagctaactacctcccaaaggaaa S ey
PiVX 5 tagagaatttaggtataattactaaccctiitggccatiigaagcacatacacacggagcggccaaagctatagagaatgacatgtacaatattgtagctaactacctcccaaaggaaa$ 354
TAGAGAATTTAGGTATAATTACTAACCCTtTGGCCATtGAAGCACATACACACGGAGCGGCCARAAGCTATAGAGAATGACATGTACAATATTGTAGCTAACTACCTCCCARAGGARRA
360 * 380 * 400 * 420 X 440 * 460 *
ip 472
Pl Hllcccagtacattttactacatgaagaaaggaaaactgggtaaattcaggcgtggcccacaccagaacgacaagttcatcaactcccactttgaccaaaggacatagectagatatectgyp
AR NNl cccagtacattttactacatgaagaaaggaaaactgggtaaattcaggcgtggcccacaccagaacgacaagttcatcaactcccactttgaccaaaggacatagectagatatect ey
CCCAGTtACATTTTACTACATGAAGAAAGGAAAACTGGGTAAATTCAGGCGTGGCCCACACCAGAACGACAAGTTCATCAACTCCCACTTTGAGCCARAGGACATAGCTAGATATCCT
480 * 500 X 520 ® 540 i 560 * 580 x
ip Hllgaggagacggtggttgaacatctggag ctccatgcaccacaaagctcgcctttatgggagacacgctccacttctggageccctactcagectactaacecttttfsaaaactagecicEly)
Pl Hllgaggagacggtggttgaacatctgg actccatgcaccacaaagctcgecctttatgggagacacgctccacttctggagececctactcagctactaacccttttifaaaactagce : 590
A SN caggagacggtggttgaacatctgga aactccatgcaccacaaagctcgcctttatgggagacacgctccacttctggageccctactcagectactaacccttttBaaaactagec ety
GAGGAGACGGTGGTTGAACATCTGGAGAAAACTCCATGCACCACAAAGCTCGCCTTTATGGGAGACACGCTCCACTTCTGGAGCCCTACTCAGCTACTAACCCTTTTtAAAACTAGCC
600 * 620 * ca0 645  « 660 * 680 * 700
ip 708
Pl 645
Pivx S5 c g g gttgagg 708
CCACACTAARARACCCTCTATGCCACAATTGTACTTCCAGTTGAGGCCATTAACCARactcccctcccttcacccaactatatacacattaaaatatcatggggatttcttcatgtacct
720 740 747 6416 x 780 ¥ 800 * 820 6482
ip Bl ccccggaggccatgecggagcagettacacccaccaca ot e caaccagactaaccgaaacgtccacctcttcgagagtaattctcagaagagt 814
Pl s 646
A SRR  cccggaggccatgccggageagettacacccaccacacebELELE b caaccagactaaccgaaac 826
ccccggaggccatgccggagcagcttacacccaccacacc caaccagactaaccgaaacgtccacctcttcgagagtaattctcagaagagtcgg cattaaccaC
% 840 * 860 X 880 * 900 * 920 * 940
ip Hllctccgctctggtgactaaaggattgcaaggctctgaatccccaagaatfgcaacttcttcectccccagagtagtctcaatagtggtagatgtaagtacctactaaaggcecttcageggticky)
Pl Hllctccgctctggtgactaaaggattgcaaggctctgaatccccaagaati@caacttcttccctccccagagtagtctcaatagtggtagatgtaagtacctactaaaggettcagegg tiier
ISAD I ctccgctctggtgactaaaggattgcaaggctctgaatccccaagaat@caacttcttccctccccagagtagtctcaatagtggtagatgtaagtacctactaaaggcttcagegg tre

CTCCGCTCTGGTGACTARAGGATTGCAAGGCTCTGARATCCCCAAGAATCCAACTTCTTCCCTCCCCAGAGTAGTCTCAATAGTGGTAGATGTAAGTACCTACTAAAGGCTTCAGCGGT

3 960 * 980 * 1000 ¥ 1020
ip Hllagcctcccacagggttccaaccgtgtctatcagettaacataaflaagecctagecttctgttttaatgcaagtttca : 1009
Pl Hllagcctcccacagggttccaaccgtgtctatcagcttaacataalaagecctagecttctgttttaatgcaagtttca 841 |

A SN 2 gcctcccacagggttccaaccgtgtctatcagecttaacataafaagcctagecttctgttttaatgcaagtttcac : 1021
AGCCTCCCACAGGGTTCCAACCGTGTCTATCAGCTTAACATAALAAGCCTAGCCTTCTGTTTTAATGCAAGTTTCAG

g~ PIVX 4 & 2 RNALP o P1 12 2 PiVX 54 L FI4E A 72 vt i o
Fig. S2. Sequence alignment of PiVX defective RNA 1P and P1 with the same regions

of PiVX genomic sequences.
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Fig. S3. Secondary structure predictions of 1P and P1 defective RNAs. We used Mfold
program to predict 1P and P1 secondary structures at 25°C. Although 1P has 9

nucleotide differences from P1, their predicted secondary structures are similar.
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HHake ~ PIVX 22 CVX 4% 4 4 RNA 2_4F %l 4p B cis-acting elements ¢ B % & © (A)
PIVX 4 % 12 RNA R4 2 = = S0 B > R A A 53Rl PIVX 47 flAp M
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2= B HHIERIE o H Adpk B R A)s £ F - $kestem loop

Fig. S4. The predicted cis-acting elements important for replication of defective RNAs
of PiVvX and CVX. (A) The predicted secondary structure of PiVX dRNA R4. We
suggested the region in gray is the cis-acting elements of PiVX dRNA R4. (B) The
magnified sequences in gray block in (A). (C) The predicted secondary structure of

CVX dRNA C3. It has similar stem loop as the gray region in (A).
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Fig. S5. The 1-394 nt sequences of dRNAs P1 and C3 have similar predicted secondary

structure.
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