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Abstract

Transcription of subgenomic RNA (sgRNA) is one of the strategies used by
eukaryotic positive sense RNA viruses for gene expression and its promoter plays an
important role in sgRNA synthesis. Pitaya virus X (PiVX), a recently identified
potexvirus, was investigated for its subgenomic promoter (SGP) in this study. In order
to find out the SGP of PiVX capsid protein (CP) gene, the transcription start site of
CP sgRNA was first studied and mapped to nucleotide (nt) 5865 by 5’-RACE analysis.
Based on this result, a series of PiVX deletion mutants were constructed and used to
define the functional promoter region of CP sgRNA by Agrobacteium-mediated
inoculation on Nicotiana benthamiana. The results showed that the region between nt
-43 and +23 relative to the CP transcription start site (+1) of PiVX supported the full
promoter activity to generate CP sgRNA. Subsequently, we constructed a PiVX-based
vector that contains duplicated full-length CP SGP, which could replicate and
successfully express enhanced green fluorescent protein (EGFP) on Chenopodium
quinoa and N. benthamiana. One interesting finding from the multiple sequence
alignment indicted that sequences GUUAACUU upstream of CP gene translation start
site are conserved in most members of the genus Potexvirus, but the first nt is C
instead of G in potexviruses infecting Cactaceae plants. To study the significance of
this nucleotide for PiVX, we performed the site-directed mutagenesis to create a
mutant PiVX®®C  its C%* replaced by G***. The replication and transcription had
no significant difference between PiVX®®¥¢ and wild type PiVX in tobacco
protoplasts. After inoculation of plasmid DNA on 3-week-old C. quinoa mechanically,

G5843C
X

the results revealed that the symptoms caused by PiV were weaker, and the CP
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levels were lower in the inoculated leaves compared to wild type. Moreover, the

G5843C
X

mutated virus PiV could not be detected in the systemic leaves. Thus, these

data suggested that G>%*®

in PiVX may change the interaction of RNA and CP, and
then affect the virus movement in C. quinoa plant. In order to confirm if PiVX CP
participates in cell-to-cell movement, we constructed pGR-PiVX5-CP* whose start
codon of CP was mutated to stop codon and inoculated to N. benthamiana protoplasts
and C. quinoa plants. The results showed that the accumulation of PiVX gRNA
reduced in tobacco protoplasts and even became worse in the inoculated leaves of C.
quinoa. It is suggested that translation of CP gene or CP protein itself may be
important for the accumulation of PiVX gRNA. By this study, we can not only

understand the characteristics of PiVX CP SGP hut also obtain a benefit for further

viral vector development.

Keywords: Agroinfiltration, Pitaya virus X, Potexvirus, subgenomic promoter, viral

vector
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- AT &S
<0 H4ar g% RNA & § 006 = = & F]H RNA (subgenomic RNA,
SGRNA) 2. = % 2 JLA F]» 1% 412 54 - &— % A 7148 RNA (genomic RNA,
ORNA)+ ¢ & 5 & B2+ el 7] o PR BATFIT B REFHEY H AT
FHY A2 SPRNA 2 % 5 ki h e d 20 & & sgRNA § Frif g4 2 47 o sl
RNA dependent RNA polymerase (RARp)z #v ¢ & %€ gRNAE (78 Fm & 2 >
£11" RARp 3v % & % sgRNA-i&@ & S 54 A 2iBmY 152 86 v
44 # 30 (movement protein, MP) ¢ ¥ i 3-v (capsid protein, CP) % - "$ 1A
W 25 F1 0 SQRNA » 582t 4 2 47 L 2 £ 2 (Sztuba-Solinska et al., 2011) -
Bpd RAEADF LA LR DL o HHSORNAZ £ > PR A L2 fEs
#]  internal initiation ~ premature termination % discontinuous transcription

(Sztuba-Solinska et al., 2011) -

1 ~ Internal initiation : p* #&#vji?:f{%i B4 ¢ 1 (H)gRNA 3 R >
il £ &2 (-)gRNA > @ 3t (-)gRNA *+ ¢ 5 & B afede+ > P 2 - 230
()GRNA 2. 3’3 » * 3+ £ £ (4)gRNA » @ H 2 fads & - 5 = fh TRl g ds 5
(subgenomic promoter, SGP) » * 12 & = 3’-coterminal SRNA > % & = sgRNA FF »
i+ 2 RARp § 7431 55 & & SGP 1 > fxd> sgRNA 2 & &-(Miller & Koev, 2000;
Sztuba-Solinska et al., 2011) - Internal initiation model # % &_*% Brome mosaic virus
(BMV) ¥ #% 38.-BMV % Bromovirus 4 2 :),%% (2L FlRE d = iF RNA %= >RNAL ~

RNA2 2 RNA3 tp 4 4F @427 "RdARp § % & 2 RNA3 (-) + ¢7SGP> 12 internal



initiation #& 4% 1) RNA4> m RNA4 ‘§d @ ¢ & 4 T FHBE AT 2 H
(van der Kuyl et al., 1990) - Ft 2 ‘b5 i * internal initiation 2 #4] k & = sgRNA
w 3 Tobacco mosaic virus (TMV)~Barley yellow dwarf virus (BYDV) ~Barley stripe
mosaic virus (BSMV) - Alfalfa mosaic virus (AMV) -~ Sindbis virus (SV) %2

Caliciviridae % J5 # (Sztuba-Solinska et al., 2011) -

2 ~ Premature termination : 2t #8417 SGP A& 7|4£3u 5 F 7 % 1k 205 - RARp
F17# (+)gRNA % #75% £ £ (-)gRNA 2 3427 » € F1 5 753 SGP A %4k & & 1%
oo BEL Y L L2 ey BKa(-)gRNA E Hk 0 £ & 3°-coterminal sgRNA -
% gLz otk gty v 4 A 57-coterminal SQRNA » #12 (-)gRNA & H5x > & =
% ()gRNA p¥ > 54 2 RdRp ¥ it § F15 SGP 2 b 3187 BT » A4 fe?
B2 (+)gRNA > ¢+ 27 5 5’-coterminal SgRNA - p = ¢ &4 * premature termination
2 41 % & = sgRNAs 254 ¢ 4% Tomato bushy stunt virus (TBSV) - Citrus leaf
blotch virus (CLBV) ~ Grapevine vitivirus A (GAV) - Citrus tatter leaf virus (CTLV) ~
Citrus tristeza virus (CTV) -~ Toroviruses -~ Roniviruses - Betanodaviruses -
Dianthoviruses ~ Closteroviruses # Nodaviruses % :J}%% (Pasternak et al., 2006;

Sztuba-Solinska et al., 2011) -

3 ~ Discontinuous transcription : * 4 |fca 3 % B+ 7 B A H sgRNA
7 HHES LRI gRNA 2 3’58 F 578 > @ H.d gRNA 2. 3’382 5’58300 B 7|
TR R o U P & & sgRNA 2 54 - A FIHM2 S5 2 3 ¢ 5 £4F
IR eh transcription-regulatory sequences (TRS) » TRS o = B3R 4 22 @ %= 4k 3
z_ core sequence (CS)% =*> CS & ]z 5°-TRS & 3°-TRS - TRS I > = & fa
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AoH- 57 b RARp 718 RNA 2. & & iv% » ¢ RARp &5k g > # =
TRS 2 B7lifs i Hv folm T =8 p b2 TRSARE > iea £ A R
RARp z i®%* > & & & 5 2@ B 7]2 SgRNAS o pt i A2 7 at 3 4 »0 & =
(-)QRNA 2 (+)gRNA z_iF#2 7 - & - L3045 $aF 7 i 3 2 **(-)gRNA 2 & L & o
sUESLS LIS lﬁaa ¢ 4% Nidovirales p ¢ 2z Coronaviridae #' % Arteriviridae #*

(Pasternak et al., 2006; Sztuba-Solinska et al., 2011) -

=~ SGP 2_3+ 2 B#

F itk 2 2 internal initiation 2 premature termination #+4 # > SGP % %
T Rikd d o SGP - £ 7 Ak RARp #ryEsk B A) 0 ¥ 2 & & 4% sgRNA >
Hix% 3 8 F 23 igsA 48 25 (French & Ahlquist, 1988; Koev et al., 1999;
Marsh et al., 1988; Wang & Simon, 1997; van der Kuyl et al., 1991) » &> #&&_i= &
1 454 4 BET #5(Balmori et al, 1993; Miller & Koev, 2000) - p = = 4% 7 2. SGP
ERAA 432202 200 BREMAE A - 5% L SCP2Z ERZ R T i
AR R el ¥ 2R 7 (Miller & Koev, 2000) - 12 Turnip crinkle virus (TCV)
2 BYDV £ 5 63 1% TCV B 48427 ¢ 22 & i SgRNAS (SgRNA 1 2 sgRNA
2) > 1A T2 erAs e ghit i+l SGP 2. K B 2 ¥ 4 % 5-90 2 +6 % -90 1
+4> 7% i SgRNA 2 £ B2 =8 ¢ Lo 4piv; @ BYDV g 4iE42® Al ¢ 24 =
iz SgRNAs sgRNA1-sgRNA2 2 sgRNA3>H SGPsz & B %2 =% w2 a4pf »
& B 5-76 2 +22 ~+1 1 +143 2 -6 % +38 (Miller & Koev, 2000) - s+ *t » SGP ¥ ¢
Aj = stem-loop 2. = B g4 G 2430 RARp & # # @ ¥+ 2 5 £ 5 11 R4E sgRNA
& = (Li & Wong, 2006)° i fr = 54 & SGP 7 — T & F H= LA 5] £ - sl
Miller ¥ % (2000):%% # 2 B 72 B4 P it § o7 P EEFF 26 0 @@
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PR T AR A E G Moo 2t SGP ¢ A BT i fopd Bk 304 A

PR (Fae AL ¥ > 8724 SQRNA e18 2 o 86 k3 > TBSV &7 sgRNA2 2 i drde
YoBE ) 5% 1000 B A § - £ AR S 12 B TR Y BT 2 {cd SGP ¢
2 BB Fek e 0 @ F iR E2 2 3 ' * (long-distance interaction) s {_k L
Heo #-€ B sgRNA2 2 ¢ = (Zhang et al., 1999) - 5 d SGP e 3 » 34 ¥ 12
HpFAFEE SgRNA & =5 LiF» 20 3> 2 Eacdhpa pd Fiek AT

2o 4 W Al* SGP AR BF M e AP AF I AR R RS o

12 SGP £ ik d-v R RS PR 2 - o 0 Ao d A7 WaEaer
Wi AFHERS 2 F AP ARG AET > i F9 SGP & Z 4k b
EABARAFZFH 1L om TMV 2 p o g * kSR L2 it pd 42 -
Dawaon % * *t 1989 & ¥ #1247 @ (duplicate) TMV i 3-v SGP & 72 = ;4 &k £
BARAF > FREAPEPEFTTMV B3 A% 57 83> 5 39 SGP»
I %+ SGP T 54 + chloramphenicol acetyltransferase (CAT) 2 F]> & % 2% IL3E » 1=
Erasd oy 2 k0 AT mA T UG EE 5 A2 - 0
SGRNA » i&— 4 & 47» I CAT Fov FEF AR AR » & 5 J 8t o fe & kb
Bz stk BT 0 RS BE I R E o o CAT ggﬂgﬁﬁté"l“,ﬁ%  Ji
BV i R EAF 2 kv SGP A 5|k £ 4% 4 (Dawson et al., 1989)- & 7 g
S E misgle 4 > Donson ¥ 4 M- R R Ed 2 B 3% SGP i Ak Rm S
Odontoglossum ringspot virus (ORSV)z_ i} 3-v SGP F 71> % % 28 36 » 2 7F kAL
FP IERAR T T UHE D fREN BV RARABI AR F AR
¥+ (Donson et al., 1991) - @ & ] 2000 # > Chapman & % # 7 A7t > /& dkde

bogh(+1) 5 AL > TMV 3 -9 2 = 8 SGP (=*+-157 3 +54 » i¢ * = & SGP 5 7]

N
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B R A T2 A KT s 4 v & TR E (Grdzelishvili et al., 2000) - p &
* AT SGP 2 Kk b B AR 0 23 B2V ARG B PRI FET N F A

PAP R M R AR LAY e

R Potexvirus 2_ #1142 SGP 2 {pM A= 1

Potexvirus % Alphaflexiviridae ¢ 2. # ¢ - /> :ﬁﬁ% A L aE sk Rk f}ia% 3
f & R 5 470-580 nm (King et al., 2012) - 3% & 2 A F1HE 5 H 481 F % RNA
&+ 5’58 % 5 methylguaosine cap & > 3’s % 3 poly(A) tail - @ 2 F148 S o
¥ 57 254 3% % (5 -untranslated region, 5°-UTR) ~ 3’4 24 ;% % (3’-untranslated
region, 3°-UTR) % 5 i open reading frames (ORFs) - i & % ORF1  ORF5°ORF1
% RARp> 7 B 42/ gRNA 384 v J7oH o4 it 3 & £ 5205 3 2 47 #-ORF2-4
* % triple gene block (TGB) » ¢ %ﬁ“c} SQRNA z_ # N A = B 39 > & B4
TGB1-TGB2 2 TGB3: i & 7 5t k'i’f}%i pFLwieRwie 2 H# 35 M TGB1

B0 TR A 2 R Skens | > ¥ 2 5 — silencing suppressor ; TGB2 2 TGB3 %

77 kRSB VIoF A d 2k fﬁsﬁ%é‘ ' I3 3 & TGB1 39 2 #
ic om ORFS5 5 CP > 5d sgRNA 2 FHF¢ 4 2 ~ ] ¥ 18-27 kDa 2. 3% f >
R :J}%:?‘r 2B R }}% 3p 2. ¢ 44 (Batten et al., 2003; Verchot-Lubicz & Ye,
2007) -

Potexvirus /2 -3¢ 4 (type species) = Potato virus X (PVX) > PVX %?:fl‘ﬁi I
AW EALAELL sgRNAs» A ul* 143 TGBL 2 CP Hv > &yt if
SgRNAs 2 SGP ¢ ¥ 5 — i< {25 7] > GUUAAGUU » ¢t B 7%t < 384 potexvirus
B pdd 4 B3 3 AFTIREANZ 2% § 17 B PHIRNA 2 ()gRNA

5



2. R FE 2 T 12 sgRNAs 2 % # £ 7 *% (Kim & Hemenway, 1997)- ¥ ¢t > & 5°-UTR
FAETE A S T2 AACUAAAC B 7 0 3% 5 74 & ¥ t>t Potexvirus
24 @ o Kim ¢ Hemenway *+ 1999 & A~ w44+ 5°-UTR 2 SGP ¢ 2 %= {2
RIAEFEBERE  F T A H - BRI RE » F & &k AF 0% > SgRNA
FRBERE T L AR AL ATy R TIBRL e AR R R
SORNAZ A2 2 2w T A BB 7| 2L sk Ao ¥ sgRNA 2 & = 2
fakes RS o iRiEZ RNA-RNA 3 0%% > 2273 (8% 2 B 7Y &
SgRNA 2z 3 ## #7 2 r(Kim & Hemenway, 1999; Verchot-Lubicz & Ye, 2007) - ¥
FAL 4N 3-UTR + ¢4 SGP # 2 = 4 A 7|ie ik hfie > & #(-)gRNA
2 A fP A E & & ¢ (Hu, Pillai-nair, & Hemenway, 2007) - 57 & p w47 7 ¥ 424>
Jd ¢ 3B A fe SGP AT {T2 13 iR o hopd AF AT VoA

#F- % T §Fan(Hu et al., 2007) -

% 19924 4 4% PVX (e 4 54 44 > nag Wi 36 SGP &
B-glucuronidase (GUS)2_ ]+ » & TGB3Z% i} F-v 2. & 4r » — ¥ §-v SGP » I >t H
Se bQusSA T o E I]is—w FAL AR a7 % (Nicotiana clevelandii) ¥ it 7 x suid
Fbe o PN ER L AE E T P FIGUSH- 2 75 12 (Chapman et al., 1992) -
Mm% 4§k F-v (green fluorescent protein, GFP) & 1B~ X GUS A F]» » ¥ 12 {7 3
il d o D GFPRUVRR ST €48 Ik d F % i@ JEt B /4 S o
2_# 5 1+25(Baulcombe et al., 1995) = ¥ F » 1245 @i F-v SGPz = ;X 7 3t i
¢ & LPVXE #-v 2 H 4aFi8scFv40 (single-chain Fv 40) » #-scFv40 ¥ 4a74Y A
foged B ks FME Rz HAAFE 4 dp k2 $oR & — 12 (Hendy et
al., 1999) - “,f 7 4 LH 4aFRAE > Fanconi®: 4 & * fp ke K2 2N 44 ¥ 4 Zdrhuman
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R

papillomavirus (HPV)2_ E73-% > #4te 4+ 2 2 E7%0 (T L o > 2% * 3
i€ * (Franconi et al., 2002) - PVX2 & 3-v SGP2. 7|

FIWPE G R 2 2 0

WRAAFT R AR Y22 A MY G R BY o

p v % Xr)ﬁaiiﬁﬁ;
2006 # p B LPF A0 S Bk & FlE k& 0 2 I-ELISA 2
| Mm% 37 L2k &8 CVX

L
% i& {7 Cactus virus X (CVX)z_ 1 ¢

RT-PCR &4t =3¢
RT-PCR z & ¥ % 1 » “,ﬁi 7 CVX-Hu 2 CVX-NTU ¢ 5

b FEEF A B
A2 BB B 5L ) 2 300bp 2 MEA B EAF B BRE S
SR g AT o dERIE P BB R A Potexvirus 2 & (B, 2007) o 2 15 0 #-
e R SRS LT o pie s A B A g 0 IR A
s L e LA

37 B4y
PR L5 P37 o M E4E P37 26 WA HE 5Pt 2 RNA
|3 37-F1> &2 F % 315 dT-Bam i& {7 RT-PCR £

2300 bp 7 £ E - R
65kbz A wigd f2AEFMHE 2 L5 Potexvirus
}”jg_y" s 1

—7‘; ’J‘
reit- H Y S RACE &7 P37 2 5734
poly(A) = 6677 i 1% { & » A& %)

5 & ORF » A

B v uﬁji\g -

B4 2 5-UTR = 125 71
E A fRR o P37

5-UTR %z 3’-UTR ¢

| % RdRp ~ TGB1 ~ TGB2 ~ TGB3 2 CP (=, 2008) -
95 % A ICTV P #F Potexvirus g 2 T

= 4 A
X’ e g

% P37 Rt L2 E
s34 P37 2

H 2 22 potexvirus 4p = > %
SRS ET

v 2, o
’% f,. & AT e

+ 7| {- Potexvirus B2 & #itAp e -
w7 J-X}E‘\;‘ A .J\,%;%i%gﬁ_;}?ﬁi » Tod-H

B % PIVX-P37 2. = % 5 Hfa ik > #-H J5 8

A fhchip ML P37 AE RS

% X s (Pitaya virus X, PiVX) < 12
F R B2 B

GRBE L RET

T{;““'{L’—j—}’/\#&féfz
(chlorotic local lesions) > k= %7 b ¢ SE s %t 2 % B # % 5 3ok b "Lt sa(necrotic
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local lesions) » @ fd Hbopsd 787 kg 7O EET]k BRE I mARd
B e 5 0 [ e f3PIVX 2 #40 Li (2010)%-PiVX-P37 5 4 2 » & cDNA
#7155 CaMV 35S fxd# + Li‘ B T ﬁif’— 7R %4 2 p35S-PiVX i 7
Fhom R 24 2 RIEPEF R p3ES-PIVX-5 2 B4 4 it Ao E g H 4 Jﬁai

28

1&
e

¥

PIVX & 39 SGP 2. # 3 o

P 8 E kg (LD, 2010) 0 # kR % 2 p35S-PIVX-E G AL it s

g 8

X
4

PIVX 2 % A% 32 32 & iB*T & in 4 ¥ 1 (Cactaceae) e 4+ + » & Potexvirus
fg‘a:ﬁﬁi P R m[ﬁi% # 73 Cactus virus X (CVX) ~ Zygocactus virus X
(ZVX) ~ Schlumbergera virus X (SVX) % Opuntia virus X (OVX) ; &3 5 & ",f TR
# i ¥ fo— 4 potexviruses F ik fnE B oebs h R A F 4§ p - $5(Li, 2010) -
AL % Bl 0 2 & 84 potexviruses ¥ * 12 % R TGB1 2 CP 2 sgRNA } #% 7 7
- A 7] GUUAAGUU » fe fou ih A ¥ 45 4 5 % 4 2 potexviruses ® -
TGB1 sgRNA } #enix= ¢4+ A 7] 5 CAAUUAACCGUUCG: m CPsgRNA F 7
R AP 5 CUUAAGUU » Jaip)3% 3 ]75 TR ek g fr- AT
potexviruses 3 7% fr s AR BB FE FHEF ﬁ\ PiIVX R 4 435 78 $& (L,
2010) % #44L » 44 CP 2. SGP & {7 & 47 » ",lft TFERRSGP 2. E R Z B k. B
#37 CUUAAGUU * % - B2 3 F LE L F #FRR & o # 240 27 ]

A F9E AP L0 2 PIVX e & 5 Potexvirus iﬁ,i:ﬁfq% FRLIF



FoRaE

-~ FF kiR
122006 # 3P L AT R Bl rER 2 3T HLEAT R RS S M g T e
F v % (Chenopodium quinoa) 2 ‘= %7 (C. amaranticolor) } i& {7 = =t ¥ pa & 4> 12 {8

Tl R P37 gt i3t Fa e H 1 GEALABET S 5 - Potexvirus

fat
She
=
JENTY

> -3 & %5 Pitayavirus X (PiVX) (£, 2008) » 2 15 » 12 P37 B %2 &
e MR 5o H RNAC T 00 R R A PR 4 F 3 D PIVX B4 > & cDNA
Iz 2 ¥ 3| 5 CaMV 35S ks + 2 ' 48 p35S-GFP (Clonetech, Palo Alto, CA,
USA)}+ » B~ GFP £ %> i 2K B cDNA R > ¥ ¢ GE N B B %4 2 3F

78 t& p35S-PiVX5 (Li, 2010) -

° FHREFEPES N

rAF AR e L9 F - 3 I (Nicotiana benthamiana) 2 % ir

-

(Solanum lycopersicum cv. Summer sweet)o & #8442 jZ 407 (Boif £ 0 F S

WG EEKOAAEY > N TR T URE S0 M BT B R o AT R0 F

ke
i

G3 e BT B WO BRI BERAPR U 2ZIRLBEIE2YI LB B

JENTN
S

Fhe gy 3 Tty FAT 2R B R - KD 2
N23ppgrrdea HBIRImep  FpERYL6 P FiENT 12
AL F I R AT IR ER LI AR RI ZREY AT RS
APk 16 - FRHEATY O REBREN EF 2B LB
TE RS THIEIEG R R ERAMQLRE)L 2 2P F PR 16

PEo Bt 120l o Farf i 24T B R AT BN ET AR

R AsEL Y o N F IR T gk 50 rpm BT 2 % o BR R A Ay 21108
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EREIRZIF2PN TH- BH- BIpEEOF B F T2 RN T
%_pﬂéi:l o & p kP16 FF o FEiFEH 1-2 ekl o

= el B0

4

2 Mini Plus™ Plasmid DNA Extraction System (Viogene, Sunnyvale, CA, USA)
wE M B o A A AP EE - FHET 47 100 ppm ampicillin
(p35S-PiVX5) g« 50 ppm kanamycin (pGR-PiVX5)z. 3 mL LB £ % /& ¢ » 3t 37°C
& fh i dkig 225 rpm R % 12-16 o PF o MR A A 4o~ 15 mLAcE
=g ¢ > 12 13,800 xg (SORVALL LEGEND MICRO 17 Centrifuge, Thermo,
Wilmington, USA) g« 1 4 48> 2 " ik #8 4v » 200 uL MX1 Buffer » j3 7] & i
AP 2 RF 5 L 4~ 250 L MX2 Buffer - P T s L o 3R E 54
45 5 #F 4v » 350 uL MX3 Buffers + 7 g+ =t 012 16,200 Xxg < 10 ~ 4518 o
#-+ e 32T 2 23 collection tube v Mini Plus™ column ¢ » % 12 7,800 xg
e 1 44518 o 54 collection tube ¥ 2 jgi% ° #A{s4c » 0.5 mL WN Buffer » 12
7,800 xg &g 1 4 45 {s > 5|4 collection tube # 2_jg % s & 4 » 0.7 mL WS Buffer >
v 7,800 xg #tw 1 4 45 0 54 collection tube # 2 jgi% 16 > 12 16,200 xg &w 5 4
40 2 %A TP ¥ % Mini Plus™ column # | 1.5 mL e 8 g & ¢ > £ 8

FITHERE S A FFPHEE R 2 0 ber 50 UL BERKFEE 3 A1 0 1

g

16,200 xg #tw 2 A48 > Ao T k2 AT 5 S 2 FH DNA - & i 182 T
DNA 5% % )k & i€ * Nanodrop (NanoDrop® ND-1000, Thermo, Wilmington,

USA)i& {7 4 45 » #1457 DNA i35 3+-20°C -
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z > £

MAFszd FEARA R A AARAEHET IR I R
(celite) » = FP~ 10 pg 3> & F k¥ 254 THMDNAZRFSELA L -1 &
B Sipmis e P LMo SN EYEY  FHITRE R FRERT

SR D R o B LRI P E RBR A SRS BT 25CET

i~ 4 > RNA 2_3 B~
2 Plant Total RNA Extraction Miniprep System (Viogene, Sunnyvale, CA, USA)
T4 > RNA 68 B o § Lf2Bjidr & 019 B 012 180°C AU i 19" o
P E e FRRGEE 0 MUERER B R B 52 T 2 25 collection tube
shearing tube ¥ > ;% & § 4% {4 40 » 450 uL RX & PRX Buffer- | Zl 2 7R 3 »
216,200 xg (SORVALL LEGEND MICRO 17 Centrifuge, Thermo, Wilmington,
USA)#t.« 2 ~ 48 - #-collection tube ® #74c & 2_jgi% v 230 puL 100%;'?]?{%&'23 e
g T RR & 1T > 23 collection tube =5 Plant Total RNA Mini Column ¢ »
129,600 xg & 14 45 1s 0 54 collection tube ¥ 2_jg % - 4 » 0.5 mL WF Buffer -

216,200 Xg & 14 4518

» 54 collection tube # 2_jgi% o4 » 0.7 mL WS Buffer >

17 16,200 xg e 1 4 4815 > 54 collection tube ¢ 2 jgi > st H B EAF S 15
16,200 xg e 4 0 2 ffi: Ciiati # ¥ #- Plant Total RNA Mini Column
HE LS mMLAcR g d b+ TREFIFERESAH 0 FPHFEF R 4o r
50 uL & A k# 5 3 ~ 4815 > 11 16,200 Xg Htes 2 A48 0 Bro T k2R L

# > RNA- 44 > RNA 5% kA @@ * Nanodrop (NanoDrop® ND-1000,
Thermo, Wilmington, USA) & i7 4~ 47 » #1487 RNA %15 3+-80°C -
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A s PIVX & 3¢ & A 518 RNAS 33 B 5|2 33

i¢ * GeneRacer™ Kit (Invitrogen, Carlsbad, CA, USA):& {7 PiVX # v = &
TR RNA S BB 72 3 > o0 2 2 41 =2 mRNA £ 5 cap 2 4344 > #-2
fed & RNA - % 5] o F 449 B~ 4248 p35S-PIVX5 (#4874 10 %)z v FREE
4 2 RNA {4 > i {7 RNA e gk (5% > g 8% 11867 % 2. mRNA & 2
2t MRNA z_ 5’3 i 13 3 K,éf » 22 MRNA R 715 cap i sk d 7 X 2 @ J
Foivizdo™ 1B 15mLkE S F > v > TuL 4 > RNA (631 ng/pl) ~ 1
uL 10X CIP Buffer ~ 1 uL RNaseOut™ (40 U/uL)% 1 uL CIP (10 U/pL) » 4458 3
{6 B>+ 50°C iT* 1] pFof 4c » 90 uL DEPC-H,0 % 100 pL phenol:chloroform >
#=4p R 3 1202 16,200 xg (SORVALL LEGEND MICRO 17 Centrifuge, Thermo,
Wilmington, USA)#t.< 5 4 48 o #-K & (9 100 pL)#% & #7é0 1.5 mL e g dgw 3§ -
4v » 2 pL mussel glycogen (10 mg/mL) ~ 10 pL sodium acetate (3 M, pH 5.2)% 220
uL 95% ethanol > #£4a 8 & 353 {£35-80°C *x & 2 /] % - . 4°C & > 12 16,200 xg

oo 20 A 4E o AR TR R o u 3 ﬁ? gt 2 4~ 500 uL 70% ethanol >

# 4°C T > 12 16,200 xg #tw 10 ~ 48 0 L E UK il o oo f R
B F R R 3210 24818 > B tS 4 » 7T uL DEPC-H,0 -

BF L2 MRNA 2 cap fid e % o R SHBAIA R 0 2 T 2 15 RNA
oligo 2.4 & > m H ¥ RNA B| 7|4 L Brpat? > v & 2 % & + RNAoligo - st 3% i»
% 40T 1P~ 1.5mL & s gode » 7Tl 2 B2 RNA % % ~1 pL 10X TAP
Buffer ~ 1 uL RNaseOut™ (40 U/uL)% 1 uL TAP (0.5 U/uL) > #=4p 8 3 14 % ++ 37°C
€% 1 ] pF > £ 4~ 90 uL DEPC-H,0 % 100 pL phenol : chloroform - #=4p 8 3
%2 16,200 Xg &t 5 A 48 o #k K (4 100 pL)# I 3760 15 mL AR B F > 4o

12



» 2 uL mussel glycogen (10 mg/mL) ~ 10 uL sodium acetate (3 M, pH 5.2)% 220 uL
95% ethanol > d=4p iR & 353 (£33t -20°C itk » & 4°C T > 12 16,200 xg &t~ 20
B AR TR AR o e 3 “fi gt 4~ 500 uL 70% ethanol » 7 4°C

T 502 16,200 xg #rew 10 A48 0 L F TR AR o e 3 ","T_} iﬁii,’é v BT

ok

BB 5210 24818 > 4v » 7TuL DEPC-H,0 > 4rpt % % = mRNA scap 2 ",% o

£ % & 3 GeneRacer'™ RNA Oligo v MRNA t15°=4 & B~ 7ul 5 © 2 %
cap 22 MRNA 3% » 4 3 2 esr'f2 73 025 g GeneRacer™ RNA Oligo =
B d ¢ R LSRN 65°C it% 5445 i RNA tho s B2l - &
FAaA kP 2448 0 £ 4 r 1 pul 10X Ligase Buffer ~ 1 uL 10 mM ATP ~ 1 pL
RNaseOut™ (40 U/uL)% 1 pL T4 RNA ligase (5 U/uL) » *t 37°C 2 % $4%c% 1]
FF o £ 4e » 90 uL DEPC-H,0 %2 100 pL phenol : chloroform > #4572 3 {£ 12 16,200
Xg 4t 54 450 ¥k K (4 100 uL) # 3 #7015 mL g g F > 4c > 2 uL mussel
glycogen (10 mg/mL) ~ 10 pL sodium acetate (3 M, pH 5.2)% 220 pL 95% ethanol -
$d R L35 15 -80°C ik 2] FF o & 4°C T > 11 16,200 Xg s 10 A 4k
AR TR Y s s “ﬁ%) -;Fi;',"é ; 4v > 500 uL 70% ethanol » & 4°C ™ » 12
16,200 xg &t~ 10 » 48 > A Z AR Y o —if oo BN EER A
10 A 4815 > 4c » 10 uL DEPC water> 4 % % & GeneRacer ™ RNA Oligo f= mRNA

HISBB |2 L

BREFEN AHRRAF BEREFAGF Rt I0uL B EF RAS
2 R s @ > 4o~ 1 uLPiVX-CPRL (5mM)% 1 uL dNTPs (25 mM) » 32 & 35
515 % % 65°C 1t % 54 42 F 42tk b 24 40 & 4o » 4 uL 5X AMV RT Buffer-

13



1 uLDTT (0.1 M)~1 pL RNaseOut™ (40 U/uL)% 1 uL Cloned AMV RT (15 U/uL) »
L3 s A5°C 1T Lol pF o S F A D 80°C ik 15 A4k 0 K E F B A
% o B~ 0.2mMLPCRtube 4c » 1 uL * #&4%1%* 2_ 2 $ ~ 18.5 uL ddH,0 ~ 2.5
uL 10X DyNAzyme™ Buffer (Finnzymes, Espoo, Finland) 0.5 pL dNTPs (10 mM) ~
1.5 uL GeneRacer™ 5° Primer (10 uM) ~ 0.5 uL PiVX-CPR1 5! % (5 mM)% 0.5 uL
DyNAzyme™ II DNA Polymerase (1 U/uL, Finnzymes, Espoo, Finland) » & & 353
fgr T iEiEiET PCRF Ji - 96°C &7 5 ~ 43 ; 12 96°C/30 # ~ 65°C/30 # (=
ek % 0.7°C) ~ 72°C/50 4, » 247 20 T pa 3% 5 £ 4 96°C/30 #) ~ 55°C/30 #; ~
72°C/50 4y » 247 20 B Pa%R 5 B fo 2 72°C (7 10 #4480 F g =& 1 7w (7 5]
PCR 24 - £ % & i {7 nested PCR * & @ # PCR é'r_;’r?'ﬁ%ﬁ 50 & » B~ 1yulL I 37
¢0.2 mL PCR tube » & 4¢ » 18.5 uL ddH,0 ~ 2.5 pL 10X DyNAzyme"™ Buffer
0.5 uL dNTPs (10 mM)~ 1.5 pL 10 mM GeneRacer ™ 5’ Nested Primer~ 0.5 uL 5 mM
PiVX-CPR2 51+ 2 0.5 uL DyNAzyme"™ II DNA Polymerase (1 U/uL) » & & ¥23
fg*r mTaEiEieis PCR F & £ 96°C &7 5 4 45 5 1 96°C/30 ) ~ 56°C/30 #; -
72°C/50 #;-:&17 30 M pa3k; £ 12 72°C i2 {7 10 & 48> & g = = {6 ¥ {¥ | nested

PCR & 4 o #7TJE {# 1A 4~ 12 1% agarose gel i& {7 4 47 ©

ERN PGR-PIVX5 2_ # #
(-) fIps > F

"B sk E 32 PIVX R % 1iE 7k p35S-PiVX5 (Li, 2010)% pGR-106
(Baulcombe et al., 1995)4 ‘FPVX 2 £ B 712 pGR 48 1% & 114 i& {7 pGR-PIVX
2 ffheoP— 1L5mL g #w g o4 » 3Ug 2 p35S-PiVX5~5 uL 10X NEB Buffer
4 (NEB, Ipswish, MA, USA) ~ 5 pL 10X BSA (NEB, Ipswish, MA, USA) ~ 1.5 pL Sbf

14



| (10 U/uL, NEB, Ipswish, MA, USA)% 1.5 uL Xmal (10 U/uL, NEB, Ipswish, MA

USA) » 4 ddH,0 #-3 1§ 4¢ £ 50 pL » > 37°C &L 3 |- & - pGR 148+ 12 4p
o VR T IIpE R o

(=) wie# 52 DNA ¥ &

2 QIAEX® 11 Gel Extraction Kit (QIAGEN, Duesseldorf, Germany): {7 # +»
{6 2. DNA 5 B enw 4z o # p35S-PiVX5 G U4|pe# *» 2. & $ 11 1% agarose gel

77 A 0 12 ethidium bromide (EtBr)Z ¢ 8 » 3~ UV BB &7 2> 7 p & DNA %

F o Rt LEMLAE AT H ¢ fE > 4o 0 BAZ 242 QX1 2 7L QIAEX
> 22 g dedps % 0 @ QIAEX 11323 Bisis » ¥ 50°C -k i 10 A 4 -

#2485 g4 o it QIAEX I E % Rif o 11 16,200 xg 4w 30 45 0 3 % 1
e 4r o~ 500 UL QX 1+ 12 2 41 dp 47 F » & QIAEX 11353 &% » 14 16,200 xg

4 30 4) 0 4 %k b i o 4~ 500 uL PE Buffer » 1 < 4547 474t F » i@ QIAEX
1323 fig > B BEAFS %15 > 1216200 xg $Es 30 70 4 % 1 i > + B E
3 b 5710 A 4o 4~ 20 L ddH,O > % >+ 50°C -k ip 4% 10 4 48> 3% 11 16,200 Xg
SRR B RN

i P

LW ez DNA BB B 28 EF B > 2
DNA % £ » pOR 4 i U AF 7 2 A 44 Litdp ke =
* ’J‘

7 zE‘.f’rr\t‘"V]{’ ‘?”'/]{1.5\
S 4kbs A EF Y 2 {44 DNA -

(Z)DNA & F &

Bo- 15mL AR gt # o 4o~ 9uL 4i4¢ » 2 DNA~3 L 448 DNA~15 L

10X T4 DNA Ligase Buffer (Fermentas, Burlington, Ontario, Canada) ~0.5 uL 10 mM

ATP 2 1 uL T4 DNA Ligase (5 U/uL, Fermentas, Burlington, Ontario, Canada) » %

15



£103 3R ACH R -

(=) # 3

F1* Heat-shock ;2 #- %8 DNA # 3| T ~ % 4% 7 Eschericia coli strain DH5a
# oo p-80°C rkfB-Mi- X %7 130 pL % w2 15 mL AR Hr F 0 Btk
FPEREp RS BB EF L 2MA T H Y o gEdpiR g 18 BNk
30 M4m o FHFHRHEEAL42°C 4 90F) 0 B3Ik 544 4 » ImL2XYT
(1.6 g tryptone, 1 g yeast extract, 0.5 g NaCl, 4c ddH,O Z 100 mL) » ¥ »* 37°C #&
% 450 vk 225 rpm 2 % 40 4 45 - 12 6,200 Xg (SORVALL LEGEND MICRO 17
Centrifuge, Thermo, Wilmington, USA) &< 5 4 45 » § ™ 50 uL * jig » wig v

&#lénr’?tif’f"i ]1615$f9'1"?1 Jﬁ%:%%éiir°

(T) FEREFREF

2 colony PCR it 7 & 7] 385 {8 2. 4 # & o B~— 0.2 mL PCR tube 4c » 0.5
UL PiVX-CPFL (5 mM)3!3 ~ 0.5 pL NOS-3 (5 mM)313+ ~5 puL 2X Tag DNA
Polymerase Master Mix RED (Ampliqon; Bie and Berntsen A/S, Regdovre, Denmark)
2 4L ddHO > 3 F R FiE 2 7 FOEPE - FIE IR ERY R EHI Y
FTRETREFRYF B F BiEE AT 06°C 1217 5 4 45514 96°C/30 F5~56°C/30
Fy~72°CI60 - :2 17 25 B ik £ 11 72°C 27 10 # 480 F Jis = = & ™4 1% agarose
gel :2 7 445 o PeE 5 B I~ 95 TS0bp L FEFEFEFW I E@AE > £ 1R
#1p# Sbfl (NEB, Ipswish, MA, USA)% Xmal (NEB, Ipswish, MA, USA) it {7 iz *» >

AT ALY <] LA T TAFEREFS 0 TR pGR-PIVXE 2 4 -

16



A Fagz « E9H

2 Geneaid Plasmid Midi Kit (Geneaid, Agoura Hills, CA, USA)i& {7 F 8 2 =
BUK - AU F A PEHE - FE 3 77 50 ppm kanamycin 2 100 mL LB 1 %
R¥ oo 2 37°C & f g 225 rpm R B A 12-16 /) BF o BER A S A »
50 mL 3= ¢ ¢ > 12 6,000 xg (Centrifuge Z 383 K, HERMLE, Wehingen, Germany)
s 15 4450 2 Kfj Gk ts se r AmLPML Buffer» gl 2] &7 # F = 2 R
£ 4~ 4mLPM2Buffers + TfuggE L xRS 2 4403 F 4 » 4 mLPM3
Buffer » + = % -+ =t > 2 6,000 xg &t~ 20 4 45 o P~ Plasmid Midi Column >
¥ 50mL ggs g o 4~ 5 mLPEQ Buffer » %iri&@ﬁ%gé 4R Bt
B fs 2 b 1 Plasmid Midi Column: % %ﬁ%ﬁﬁ 4 %o » 12mLPW
Buffer - #2445 & 4 /= > #- Plasmid Midi Column # 1 #7550 mL 4.« ¢
Foder 8mLPELBufferv,f§c¥ £ 4 % DNA /mxET %o 2 {8 % Plasmid Midi
Column Z 3 > *t 3. ¢ @ 40 » 6 mL isopropanol » w4 R £353 » # 1 -20°C *<

BB £4°C 711150009 #tow 30 A4k X Rymakdr 2§ o) e Mg L R

14.

e » 5mL 75% ethanol » % 4°C ™ 2 15,000 xg &< 10 &~ 48 > # % ¢ iFiR & b 2
10 4 48 > 4v » 200 uLddH,0 » *+ 50°C -k iz *x % 10 4~ 45 > % 4°C ™ 12 15,000 xg
oo 5o hs o o T K2R I L B2 R DNAC B it {52 58 DNA ehs f
% k& ¢ * Nanodrop (NanoDrop® ND-1000, Thermo, Wilmington, USA):& {7 & 47 °

#1451 DNA 1% 73 35-20°C ©

1 PIFRBBRIER
(=) WA iLBE(+]) L P2 PR R BB HER
ek % 2 B 7| =8 K3 = B w51+ CP-sgFl ~ CP-sgF2 2 CP-sgF3 >

17



Blfek w3l3+ NOS-3:i {7 R &=l gf F i - P~— 0.2 mL PCR tube #r » 5 ng
PGR-PiVX5 ~ 2.5 UL 5 mM & & 313 (CP-sgF1 ~ CP-sgF2 # CP-sgF3) ~ 2.5 UL &
% 51 % NOS-3 (6 mM) ~ 10 uL 5X Phusion HF buffer (NEB, Ipswish, MA, USA) ~ 1
UL dNTPs (10 mM) ~ 0.5 uL Phusion DNA polymerase (2 U/uL, NEB, Ipswish, MA,
USA) » B 5 4r ddH 0 #3384 2 50 pL > R £353 ¥ @fgp.c {6 T 7 & 7 R
Epsigp F o F RBiE24eT 196°C (7 5 448 1 96°C/30 F) ~ 56°C/30 #) ~
72°C/70 #y » &7 30 B paFk £ 14 72°C 217 10 &4 o MF B AP TSI
#£F 1 Xmal (NEB, Ipswish, MA, USA)i& {7 iz 7 » £ =t ¥ it {5 #-pt & $= o * Hpal
(NEB, Ipswish, MA, USA)% Xmal g2z pGR-PIVX5S & i7de & & s> WA

F1 (A-61/-44) ~ F2 (A-61/-24)% F3 (A-61/-1) » % 2%tk % 5d %A FEILEE -

() Ao BE(+1)T 2P 1% R B2 R

B3 A AR BE T I G i SRR T B s AP A
PGR-PIVX5 % }%% » % 2+ & v 513 CP-Clal-F 2 ¥ %513 CP-Clal-R » 2 % & fis
M F B FEERY 0 A CRIRARA S T o AR BE T 5 92
B ¥% H fe ] i@ - B Clal éh*7 iz -P~— 0.2 mLPCR tube “c » 5ng pGR-PiVX5 -
1 pL CP-Clal-F (5 mM) ~ 1 uL CP-Clal-R (5 mM) ~ 3 pL 5X Phusion HF buffer ~1 pL
dNTPs (10 mM) ~ 0.5 pL Phusion DNA polymerase (2U/uL) » &t 4r ddH,O #-3%. %8
A E I5UL R £330 T @i B TPV R FREMPFEEG F ok BiFEIeT
96°C & {7 5 & 48 ; ™ 96°C/30 4, ~ 56°C/60 ) ~ 72°C/ 13 4~ 4& - & {7 17 B 5k
02 72°C i 7 10 A 4e F Jg % = {54 » 1L Dpnl (20 U/uL, NEB, Ipswish, MA,
USA)*+ 37°C e % 30 ~ 48 > £ F &7~ 51 FiE3 JPES PR H - R
FEH ) £49% > &2 Clal (5 U/UL, NEB, Ipswish, MA, USA):& {7 fig*» (£ % > 12
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FEBRRESSE G LAFREFT R L pGR-PIVXS-Clal 2 4 - £ kit

7 A 4 BT P52 f FIRZ ﬁ?ﬂi o 12 pGR-PiVX5-Clal = #5% > 1395 50|
“fi Boliz® k3w B F w3513 CP-sgR1 ~ CP-sgR2 ~ CP-sgR3 %2 CP-sgR4 » &
Blfelt w3l PIVX-Nhel-F:2 7 R &4 F B> F i fot il o BF J&
AfEFHit s HEFClal &7 » £ & i 83 4 F 01 Nhel (10 U/uL,
NEB, Ipswish, MA, USA) ~ Klenow (NEB, Ipswish, MA, USA) % Clal i & &2 2.
PGR-PIVX5-Clal i& {74 & & fis » "4 91 R1 (A+70/+92) ~ R2 (A+47/+92) ~ R3

(A+24/+92)% R4 (A+1/+92) » #+% % k' fod T/ FEILR I o

-+ YR AR FLG R TS EARE
() R FAEI

FI* R AL F 4 k2 #-pGR-PIVX5 % # f % %+k# 3] 2 B 4% 15 Agrobacterium
tumefaciens strain C58C1 # o P~ 1 g #cf& » 2 548 DNA 4c T 25 iz fmz ¥ 42 4p
6T 2l 12& EHI2T37°CRip 54 EFSher ImL2XYT E X% »
Bov 28°C s & fa i 225 ipm Rg s & 244 0] 5 o 11 6,200 xg (SORVALL
LEGEND MICRO 17 Centrifuge, Thermo, Wilmington, USA)#t.« 5 2 45 » § T 50

UL P FR o w Rk BT EEFEL S A 2-4 AT U RE- BERRE

_ﬂ\ “

AL AL

(=) B iz stz

KA A Y PEHE - FE 1 27 50 ppm kanamycin 22 5mL LB 3 %% ¢ >
3 28°C 3 & fa e fiE 225 rpm R A 12-16 ) BF o B~ 20 pL Fie 2 20 mL
Induction Medium (90 mM sodium phosphate buffer, pH 7.0, 7 mM ammonium
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sulfate, 1.5 mM sodium citrate, 1 mM MgSO,, 0.2% glucose, 0.1 mM CaCl,, 10 mM
MES, 20 pM acetosyringone, 50 ppm kanamycin) » % 28°C & & 4§ ™2 #&:& 225 rpm
B %24 ) FFe 4°C T > 12 5500 xg (Centrifuge Z 383 K, HERMLE, Wehingen,
Germany)dg.~ 15 4 48 > 2 f gk is > 2 MMA (10 mM MES, pH 5.6, 10 mM
MgCl,, 200 UM acetosyringone) = i Tk 4~ » I #-Fiz# 1 OD600 %+ 1 W+

s

q’f}‘;’ﬁﬁ'iﬁ'7 1mL£rL /13/1'5\%"774‘—5-’“1‘/13'1'#1 Z% 5% j‘ﬁ"

Loy ARAREBELN

P~ 15 ug £+ 2 RNA > 4 » 2884 2 2X RNA Loading Dye (Fermentas,
Burlington, Ontario, Canada)’ /& & 53 {& 12 65°C 4c 44 15 & 4> f ik b 5 4 45 >
iz B RNA 2 = g4 o #kJm % 2 48 & 11 19% agarose gel & 7 7 kA 47 o 1
* LI % R Y o0 RNA # 9 3 2 9% (Hybond-N*, Amersham Biosciences,
Buckinghamshire, England) * : #-- B2 A2+ » T B G £ 3 252 g A
(3MM, Whatman, England) » #-jg A B3 3F 4w b > FEA 2L 20 0 T2

A 2 20X SSC buffer (AMRESCO, Solon, OH, USA) 7% @ o #-ih ¥ B R 4§ 7

~E

%I’lfi—//a Ao L ER A E‘é_gﬂ/

+oEFEF L 2 3% 11 20X SSC buffer % 2.

N

™

»k" 8?\

~E

Btz AR REEY TP IR -BELRE -5

I~

b

Bz gt B P L uAR2 ¥R ERE AFETHEEG6 ML o

\W

= oo 8 B {S BB A9 17 UV crosslink (UV Stratalinker 1800, Stratagene, La
Jolla, CA, USA) > & RNA HZ it o £ KEBEFHRE FH 1 BIZE e
hybridization solution [50% (v/v) formamide, 5X SSC, 2% (w/v) blocking reagent,
0.1% (w/v) N-lauroylsarcosine, 0.02% (w/v) SDS] > ** 55°C ~ 2 8 rpm (YIHDER
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HR-80, Taiwan)i& {7 pre-hybridization & > 2 -] p¥ - P~ 0.25~0.4 ug DIG & = % 4
4 121 96°C fd® 10 & 4515 0 sk B 3tk 2 4 480 ‘@4 {8 40~ hybridization
solution ¥ »:& 752 & F i 12-16 - PFe g P #-R 355~ 11512 100 mL 7 0.1% (w/v)
SDS 12X SSC AR *» R T ik 25 & = 10 # 4, £ 2 100 mL 7 0.1% (wW/v)
SDS #20.1X SSC ;% % > 68°C e 2=t & & 15 448 o #5¥ 12 100 mL Buffer
| (11.61 g maleic acid, 30 mL 5 M NaCl , 8 g NaOH, +c ddH20 % 1000 mL) ** %8
TAEdyge 1 A4 0 £ 4 100 mL Buffer 11 (10 mL 10% Blocking Reagent, 90 mL
Buffer 1)t % & & 12 50 rpm & F 30 4 48 - #& ¥ B 2 pL alkaline
phosphate-conjugated anti-DIG antibody (Roche Applied Science, Mannheim,
Germany)+c » 20 mL Buffer Il # >t 28 7 22 50 rpm & 30 4 45 - £ 12 100 mL
Buffer I+ 3 ;g T & 3=t # = 15 A &b jfie = & {5 4c » 600 pL CDP-Star (NEB,
Beverly, MA, USA)iz % » >t 22T 2 50rpm 2 30 # 48> RGBT R A% ¥

LR

|4

3 v > 1 Hyperfilm™ MP (Amersham Biociences,

Buckinghamshire, England) & % &7k » ik 7 {6 v L2 %

L= v pGR-PIVX5-EGFP 2 # #

B A%+ 3 Xhol 2 Notl *» =2 it % 351+ duSGP-F > 2 # 5 Sall 2 Sacll
2_F w3l 3 duSGP-R> 1 B & pei 4F F Jiig (7 SGP 2. 4§ @ - P~— 0.2 mL PCR tube
4¢ » 5ng pGR-PiVX5 ~ 2.5 uL duSGP-F (5 mM) ~ 2.5 pL duSGP-R (5 mM) ~ 10 uL
5X Phusion HF buffer (NEB, Ipswish, MA, USA) ~ 2 uL dNTP Mix (10 mM) ~ 0.5 L
Phusion DNA polymerase (2 U/uL, NEB, Ipswish, MA, USA) > & {s 4c ddH,0 #-4%,
AT I S0UL R LB Y ERC BTV REREFRYEF B F BiFE 240
T 196°C {75 4 4m ;11 96°C/30 F) ~ 60°C/45 F5 ~ 72°C/13 ~ 48 > {7 25
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{1 72°C 27 10 & 48 #-F Jis & 47 4 »~ 1 UL Dpnl (20 U/uL, NEB, Ipswish,
MA, USA) >+ 37°C 2% 30 A4 fgF a7t > ¥ 30pL w73 - 2~— 1.5mL
MeE Hres g o 4o r Sul w3 A4+ ~ 1 pL 10X T4 DNA Ligase Buffer (Fermentas,
Burlington, Ontario, Canada) ~ 1 uL ATP (10 mM) ~ 0.5 uL T4 Polynuleotide Kinase
(10 U/uL, NEB, Ipswish, MA, USA) %2 2.5 L ddH,0 » 8 & 53 {43 37°C 7% 1
/] o £ 4c ~ 0.5 uL 10X T4 DNA Ligase Buffer ~ 0.5 pL ATP (10 mM) ~ 0.5 uL T4
DNA Ligase (5 U/uL) ~ 1.5 uL 50% PEG 4000 (NEB, Ipswish, MA, USA)% 2 pL
ddH,O > »+ g3} 4 [P TP F A 54k AEd - Wa ) & FHe - o Sacll
frtr (€% & FAERLrénE 0 L5 d 2 B LA T = & pGR-PiVX5-duSGP 2
# o £ ko pKGWFS7 (Ann et al, 2002) = #i-5% » 1 * % 3 Sac Il 2 &+ #3515
Sacll-EGFP-F % & 5 Xhol 2 ¥ = 31+ Xhol-EGFP-R & {7 & & e 48 & &> £ 1
Sacll 2 Xhol & f7ps*r » H & & g i (S ok 2 Sacll 32 Xhol A2 i 2
PGR-PiVX5-duSGP £ {7# & F & > 518 éﬁﬁffﬁﬁ%ﬁé’ ¥ AP R L5
TR FE LA %18 g 1B pGR-PiVX5-EGFP s‘!f,é.ﬂ_;“ 1 o
4=+ pGR-PIVX5-*C 2 # 4

1 pGR-PiVX5 & #2411 #* & = 51+ PiVX5-octa-F 2 & = 51+ PiVX5-octa-R >
MEEPREF BEFERE - F REEfon ERRET R o TR RLA

115 T v 1 5] pGR-PiVX5584C .

+® -+ pGR-PIVX5-CP*2 #4
2 pGR-PIVX5 4 % » 4% & % 513 CP-stop-F % ¥ #5313 CP-stop-R » 12
BLATRHF REFRR o F RS foR E R BRI o XA AR
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¥ {7 3] pGR-PiVX5-CP* -

+I -~ 2t

% 4477 # DNA 12 BamHI (NEB, Ipswish, MA, USA) it {75 » iR 48
DNA %= & &k o Bo— 15 mL i@ 3 0 4o » 2-4 ug © 2 it 2 F 4 DNA
#-4% ~ 10 pL 5X T7 Buffer ~ 10 pL (ACU)TP (5 mM each) ~ 1 pL GTP (5 mM,
Amersham Biosciences, Piscataway, NJ, USA) ~ 1.25 pL Cap analog (10 mM, NEB,
Ipswish, WA, USA) % 1 pL rRNasin (40 U/uL, Promega, Madison, WI, USA) - 2
UL T7 RNA polymerase (10 U/uL, Invitrogen, Carlsbad, CA, USA)> £ {3 4 » ddH,0
BRA L ALUL R 5353 15 B 37°CF R 154 4042 F 4 » UL GTP (5mM) »

R

w

B3 3T°CF TS ~dae F BR8P 1L &2+ > 12 1% agarose gel
(7T A4 F 4% UVP 43 B8 & 5t (BioDoc-It™ Image system, Cambridge, UK)

FETAMAESHE AE 0 s Bik3*-80°C P & * o

iy RAFHZIUGLRA
() R2FRH2ZAUF

BeBOr A2 FEF 56 25 11 1%EY kieiThe i E 24048 1
M- K FEAREF 3NREL S RFRASGEYART LA RE T E R
Fotmie b o ks Bdpd v gT 2 FEAL oAy 2mmx 4mm 2 £
s TEs RS BEFRFE A Y > 12 0.2 mM minipore filter (Sartorius,
Goettingen, Germany)i& ;g 30 mL enzyme digestion buffer (30 mg BSA, 18 mg
pectinase, 360 mg cellulose, #r 0.55M mannitol-0.1% MES % 30 mL) » I 324 fet
B BRAD > B 25°CEFTERAILI6 ) F -G EEXRTFERERT ¢ 23
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Blesfr o 150 p R AT RERIES AW 0 Jpir T 42t 4 L 15 mL R
# ¢ > ¥ 12 300 rpm (KUBOTA 2010) 8« 7 ~ 45 * & AR F § 2 %J R ik RE
4v » 2 mL 0.55 M mannitol-0.1%MES (50.105 g mannitol, 0.5 g MES, +4r ddH,O %
500 mL, pH5.7)ts gedmdp 47388 AN RAKPF DI RF - L LA RARBF F=
P~ 0.55 M sucrose 73 i% » o] s BF B R TR RN 0 BB A r 2 mLiBR o
12 300 rpm #5448 0 00 E A2 B I F § ) o BB mannitol-MES £ sucrose i3
B2 TR RS A B B RTaEE Y o L4 r» 5 mL 055 M
mannitol-0.1%MES ;3 j% » dsdei2 £ 355 - 12 300 rpm &< 5 44k > * & F2 3t
B Big b #Fi > £ 4o~ 2mL 0.55 M mannitol-0.1% MES 73 % - 4 4 4p 47 3
BRI R IEF RF o £ A1 300 rpm A 5 A4 0 R A BB F R 2
“ﬁii R et > #-pt ik 4 %052t 1 mL 0.55 M mannitol-0.1% MES ;3 ;& ¥ o #-w
ARFP ORI THRBFREY R - g7 o B3 RIFE W RERREWILD
HEERBRUGG M3Z, Switzerland) ™ 1 o k- B B2 5 me Bicp » T392 § 9 5

6-8 x 10° cells/mL -

(C)REFHLEA

@2 EE R A A KN 12X 75 mm 2[RI EE Y 0 R EF 95
4% 10° cells» 123 17 t5 2 $affio # £ 44 %dF chR 4 F A2 300 rppm (KUBOTA
2010) #o 5 A4E s * BEZIF F R AR T HB0UL 2k i
B TR R RN RBP4 15 UL Al a2 4 h A 4
B odmpmdpdid g AT R AR EDS > L 2B gmdsde » 73 150 UL PEG
inoculation buffer (40% PEG, 3 mM CaCly)« 3 ¥ » d=gda 738 F RN 40 T >
R &85 o L & 34~ 0.55 M mannitol-0.1% MES ;%% > & =x 500 uL >
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S TR S > 2 fe Mg Btk 10 A48 o Be 1 300 rpm s 5 A 48
PR FZIF E R f L AR e 2mL 0.55 M mannitol-0.1% MES i3 %
AT REE R RAKPIEIBIEE Y > kI AT H Y SHPEG - £ 12 300
rpm A 5 A dm ot E R I E L A RS > 4~ 750 uL protoplast
culture medium (Jones et al., 1990) ¢ - #=d=dp =38 ¢ AP0 > RAKY 23 BiFd
P TR LR ST 0 KR Ak R A 024 & 48 ] PRI JeB 2 RNA
BT A 37 o

-~

VRO - s

Loy FERIABRIASLASWE
BAfts 1w 2 0242 ELISA i {7 pGR-PIVX5™C 2 gt 4 4 ik o g i -
¥ & 72 10 % ISE Buffer (0.795 g NaCOs, 1.465 g NaHCO3, PVP 10 g, #r ddH,0
% 500 mL, pH 9.6)i& (747 & » du F {52 {5 4m i B 100 pL e 2 96 3 dF ¢ 5 3
37°C % 1 ] ProB~ 96 34 45 {4 > 12 PBST (25 mL 20X PBS, 200 pL Tween 20, 4r
ddH20 % 500 mL )i % & 3¢ 10 = » 4 » 100 uL = ECI buffer (1 g BSA,10 g PVP,
‘v PBST 2 500 mL)ﬁH@ 10,000 & z_ anti-PiVX #i 3 (Li, 2010) » »+ 37°C » J& 1
) pE s g0 PBST 5% & 34 10 = » 4c » 100 puL 2 ECI buffer ﬁ%‘{@ 10,000 & z_ &
i 12 A4 % 1 % 0 anti-rabbit antibody - *t 37°C & s— B B £ 12 PBST %
£30 10 =% > $fs £33 4o~ 100 uL 2 PNP Buffer (0.1 g MgCl, 97 mL
diethanolamine, +4r ddH20 % 1000 mL, pH 9.7)*7# e W 2. PNP A B {7 v * >
5 37°C 2} 30 4818 » Ak EZRIE L3R A E 405 nm T 2k B

I 12 Microsoft excel #it 88 & {7 #cyg » 45 o
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LA REEFEA
(=) 39 FRARYUA

1 Hofel 3-¢ & 2 7% & % (Mighty Small II SE 250, Pharmcia Biotech) & {7 3
TR AR WA o 5 AEE 15% 2 & 7% 48 (separating gel) : & 100 ml &
# ¢ & B4~ 2.5 mL ddH,0 ~ 3.75 mL 40% acrylaminde/bisacrylamide ~ 2.5 mL 1.5
M Tris-HCI (pH 8.8) ~ 0.1 mL 10% sodium dodecyl sulfate (SDS) ~ 0.05 mL 20%
ammonium persulfate (AP)r2 2 0.01 mL N,N,N’,N’-tetramethylethylene diamine
(TEMED) » i 45 R "4 #3395 R £ 15 @459 o 4 2 5 32 mL A 398
6 0 2 Wbe » 0.6 MLOSYIFE » ® o TR o E K 30 4 s 0 i ﬁv‘/fﬁ% > I
YLife AR BT 2 P g o £ kel 5%z & B 148 (stacking gel) ¢ B~ ¥ -
52 7% 2 100 mL &4 > & B 4 » 3.03 mL ddH,O -~ 0.625 mL 40%
acrylaminde/bisacrylamide ~ 1.25 mL 0.5 M Tris-HCI (pH 6.8) ~ 0.05 mL 10% SDS -~
0.04 mL 20% AP 12 2 0.005 ML TEMED > P-i# 3 & “E4r € 3 k323 R 6@ 1
> 1-2 mLz 990 e > £ osdE rdn(comb) > L F e AL o FRMATR

ig o ) N4 uﬁgﬁg,fﬁ » 1 ,Fij\/’ii,,tﬁ j\ﬁ; v ,},iﬂi,}g g’;}w?ﬁ’ y wE B H o

() # 5% % 2 SDS-PAGE 4 ¥

fEBfE kA 0.1 g0 %02 180°C AUR 2 ek o T~ F B F
VL A b e B AR AR A A w iR 18 e~ 200 puL GUS extraction buffer (5 mL
0.5 M EDTA, 250 pL 100% Triton X-100, 175 uL 14.3 M B-mercaptoethanol, 0.25 g
SDS, 0.83g NaH,PO4, 1.93 g Na,HPO,, pH 8.0, 4t ddH,0 % 250 mL) ;% £ 355 14
g~ 1.5mL fic g - g > 2 13,800 xg (Centrifuge Z216MK, HERMLE, Wehingen,

Germany)&t. 15 4 48 o B~ 15 pL &< {8 2. ¢ ik fo 5 pL 4 X SDS sample buffer
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(50 mM Tris-HCI, pH6.8, 2% SDS, 10% glycerol, 1% p-mercaptoethanol, 12.5 mM
EDTA, 0.02% bromophenol blue);® £ 53 » 3% 96°C 4c#1 10 & 45 o &% 7 § >+ %
AR o A TR R 2 R A 120 RFEFR AN 20 48 B AR
AU HTRAF D 180 RPEF TR LB TRB R EEY

W Ty eFT 2 EHFILEF -

(2) L2 #&F A~ 4

do B F 4 73 & 4% Molecular Cloning #74 it 2. = j# (Sambrook and
Russell, 2001) : #-4 33} 48,22 & CAPS (10 mM CAPS, 0.32 mM DDT, 15%
methanol, pH 10.5)¢ » *> %8 7 12 50 rpm SR 10 A48 o 2 F £ T - k2 L
#1% RY (8.3x6.6 cm?)4p = + -} 2 Amersham Hybond™-PVDF #%-(GE Healthcare,

Buckinghamshire, UK) £ 2 5&jg & o 14 CAPS /% /Rig A > *t 1 {&2 T i&ir + 4

/

1 %R g > ¥ ¥ PVDF %L 2 ? A (methanol)iz % » X iszi2 & CAPS ¢ & &~

40 B4 hiRA Y o #2e f CAPS ¥ 2 & YAl | < 4 B & PVDF 94 > B g

i

~ 3E 1 CAPS 282 Jhi& o ¥ f 182 T4 > 1 36 MA 2 e o #
Er 35 &4 (s B~ 00 PVDF %2> & >t PBS fie B 2. 5% fq 24w @ 5 3t 37°C & &
30 A48 o HIH-A b o 4o x4 19%% 75 2 R 10,000 B 2 anti-PiVX Fu i 0
37°C T F e 1 | pts » W PBST k= = » & =0T Ak {4 > 1 1% 524 4
#18 10,000 % 2 7 d& ELFT @ A2 anti-rabbit antibody - *+ 37°C T £ Ji 1
B P =A151 PBST jrik= =& » & X1 A48 » 4% % 4 » 10 mL Buffer 111 (0.1
M Tris, 0.1 M NaCl, 5 mM MgCl,, pH 9.5) * &2 % 4> 2_ 15 4c » 200 ul NBT/BCIP
% 7% (Roche Applied Science, Mannheim, Germany) &7 % ¢ ~ & p &4 &
BT H-PVDF W = tokbe B b B F R higisER BF oo

27



PRNETR N

= ~ PIVX ¥ 39 A Flig&cdedngh2 £
F 5 5304 4 2 SGP 483 7% 3% sORNA s A o BhiiT » A & ¢ 3 dbdsr
Acdi Bk o # P41 GeneRacer™ Kit > #4415 4 3 v SgRNA 2 54 5 7] i {7
P35 PIVX 8 3-v SQRNA 2 & grdz 48k o & - [ e S 4F F &
2 A1* % %42 GeneRacer™ 5° Primer » 12 % (=% PIVX #f -0 A ¥ 3’42 &

- 1513 PIVX-CPRL :2 A B2 |2 43 > BH A S luL 872 A A 47 > 7 11

-Q\H

B B - R OB SRR BT 0% - B 2 %L 9 5 700 bp 2
A (Fl- A)o fL i 0 FERA P Dt R E PIVX 2 3 3ov AT 20 242

% #rr2. GeneRacer™ 5° Nested Primer 2 PiVX i 3o A F]¢ B2 & - 3513

PIVX-CPR2- & 7% - B R MG 4 75 o> M#ER F Bh - 22425 1ul
EERASYT T g PR B BREORETBES F BT B - RS -

EXCP G 270 bp 2 EH (Bl- B) o #-700 bp ¥ K i7E R » SEFESPE 3
BEBRET TR > ERET 0 PIVX 30 ATz ardedn g 307 A 7l o
Acde Bl b5y 13 BRI =% o B PES E_TGB3 AFE(E % 9 B ER(R
=) @ e BEE gRNA @ B E 2t % 5,865 B - R kv AT

GrAcdnBRES > T E gt G- S AR (T 47 SGP #TF 'J"$ REHRZ K -

= ~ PGR-PIVX5 2 & % 4 it
SRR A S B £ % %0 PIVX 8 3o SGP 2 A4 0 AP RR
PGR-PIVX5 « {1 * % p35S-PiVX5 2 pGR {4 ¢ 2 Sbfl 2 Xmal "L i » #-

R %4 2 PIVX 4 2 & cDNA j4_p35S §448 B 45 5| pGR 448 1 (F1=) - 4%
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PGR-PiVX5-4 ~ pGR-PiVX5-7 2 pGR-PiVX5-9 » 4 u|#-H 48 DNA 246 & 4 &
A2 9 3 F o ¥k 42480 p36S-PiVX5 2 A8 DNA (£ 4 I 4k vt g %
PAFGABCREL TR FUARBERREINS I R R 14 X T
BRAE P FIREE S 0 D R pmY BERARS B A 2 T R RETR
FIARSHm N R(F e ) > A E 2 pmad] o PR 2 L op iy § 54
£ €955 om0 B 30 % LI ¥ 145 4248 PGR-PIVX5-4 ~ pGR-PIVX5-7
% PGR-PIVX5-9 e1d % frikfh p35S-PIVXS 2 i sa 3] fi 2 s e & 38 1%cAp it o 7%
P2 th o AR 14 X S P AR REE R S E o P8 2 RNA T
FRGRERFF o NRPIHS 2 B FHE) o &% M7 &8 pGR-PIVX5-4
PGR-PiVX5-7 2 pGR-PIVX5-9 2 #xff 2 s g ¢ § Hi7~ | 5 650bp 2 &
- HEF(BIT) ;M EF L PIVX 28 9 A% g4 7 PIVX Fx Lo 3L
HEE A (70 d 3 pGR-PIVXE-7 fo b se 8 + 2 54 B 4 £ {r p35S-PiVX5 #i 5 4p

o F i pGR-PIVXE-7T 2 i7is FF % » &2 1 N & & % pGR-PIVX5 -

=~ B39 SGP A 453 ik 24 Rl
) REFHAITE
#- 15 ug 2. POR-PIVX5 #6238 5 2 a4 40 » A w2 424815 24 ] P ~ 48

JREE T2 L PR R A BT R RNA S 0t 3 S £ B R 74T 0 d SRR
% gRNA 2 3 3-v SgRNA 2. R fH7) > s * ¥ fe PIVX i -9 A F) 3= % -
Lz DNA TR - 5T > B8 24 252 2R3 5
U Bl 48 ) B ST 0 F B8 30 SQRNA L P B R A -
ORNA I ¥ § He3s sl st 5 m 4815 72 [ B2 {5 % > RI7 4 S+ gRNA 2 3
v SQRNA % 7 2z P R eh L fi (R )

29



(=) R 1% Fid iz

#-pGR-PIVXS 1] 2 L 4% F> & 41 % 48 B s 2055 5 4 2 (7 288 5% o

— 2=

F AR A G IR A L B B EL A A B X 2 Y F i
BB PEY BB 24 P2 48 | BB P E S B 2 RNA
FA L RRFA 0 B L FE SR R B RS R AR 24 )

P2 ORI P A 2 B R AR 48 L BT RIS ORNA 2 i 3o
SgRNA z_ 7% 7}?(5@] Yo fet it m A %‘rgﬁgﬁ,, At o B3R R ];],: L REREVINS By
B A IIHA R 2 AR S RS RER LR FLE Y
B SGP 2.~ 47 o 2 A F % > APEY B A 2 ARG MR TN ER

Eﬁl’lip":}'&% a—'—ﬁl_'—'» ’—I‘Iﬁb /S&E@/;L :,-i}! }W SGP7 Av\"}fr o

I FEHFTHRYFROATBHEF AL AR

e
= .
oS
gy
=hg
(L
ﬂm
\_\:_
o
i
pa )
A

-

PR A SRR HORRIT A R R FFRAAIRET R B RS
HEAEY g3 AR F T RSB RFZAE AP ST A ZHFT L HA
CHEET S 455256 FAE TN ERBE A8 HNERATE Y2 2
RNA > ri 3 3 £ 287 a47 « S5 M7 > AR E2ZER > Bpa RHFT

FEfvsd o BB H 58 AE 254 gRNA 2 i 3 SgRNA % 4 £ 5 (%

TL
Al

TFA) T A gAY R T i AT Y B SGP A 4R A
B B LA LM FRRMENF 5 P AE Y o XN 48 ) B
H 2 RNA > it = Je 8k 8 74 47
® ~ PIVX § 39 SGP 2 3’44 44
50 B F PIVX B v SGP (=3t gRNA h3 4 91)2 3’ =38 > 2 14345

30



|

Z’ﬂ“‘]“fiﬁ =¥ K3 = B wsl+ CP-sgFl ~ CP-sgF2 % CP-sgF3 > 4 &|fck
w31+ NOS-3> 1 pGR-PIVXS Z ficix» i (7 R & e 4 F g o £ 1 * =3 TGB3
% F1} 2 Hpal 2 pGR-PIVX5 48 + 2 Xmal *L§I 7 o 2247 1 dede 42k
I (+1)2 b PER I % B PR F1 (A-6L/-44)-F2 (A-61/-24) F3 (A-6L/-1) (1 ~) -

#-pGR-PIVX5-F1 (A-61/-44)~F2 (A-61/-24) 2 F3 (A-61/-1)A &3] 2 L 45 7
Fl* Bt A5 F 2R iR 48 ) ISR #HP~jed > RNA»
WAL T AT TR 2 AR it o B X T % 7 12 MMA buffer
FOLnf R e 0 L2 A YT fIm4 gRNA 2 RH(RIL A) A7

PIVX >t # ¥ med i 3 2748 F E‘U}f’»[ﬁai}i‘ﬁ F-v SgRNA z_ 7 # 45 -
70 R F2 (A-61/-24)3 3% SgRNA 2. % # £ P &5 +* pGR-PiVX5 > » & F3
(A-61/-1)RI % 202 @RI |5 30 SQRNA 2 £ (R4 A)ed ¥ L > F L& 4
FPIVX i 39 sgRNA 2 & % £R> 3 > 7 & B F @ &A408E F 753 -43 B~ H
feo ¥ ¢t > F1 (A-61/-44)2_ 8 %-v SgRNA 2 # £ P & % > pGR-PiVX5 (B4 A) »
ied 3t F1 (A-61/-44)2 4 gRNAH R A~ 1t d 5> 2 % 0 48 Image) (Abramoff
& Magalhaes, 2004)3" % - % &7 304k ¥ =2 j54 gRNA ™ » F1 (A-61/-44)

2 i v SgRNA 1% 4 € 4- pGR-PiVX5 i & 8 ¥ £ B (*ifdk— ) °

PIVX § 3¢ SGP 2 5'=4 {4
PIVX 3 30 SGP 2 5°s A 47571 * 2§k fo 3= A 45— o (w d 0 addsr
ASHBBET PR F G E AU T B A PR A SRR A
BT NS ILBET 254 — B Clal 7 2 % % pGR-PIVX5-Clal 2 4 4
s E 88 DNA g 1 E‘J’%ﬂ‘ﬁ%’%@f’%  FE B B 4 4 & pGR-PiVXS 4p
(B L) e 2 18 ¥ 1% pGR-PIVX5-Clal % %K » & (7 128 F-v SgRNA i dr4=
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YRS AL T IR R R PRI L AR R B E e il S
CP-sgR1 ~ CP-sgR2 ~ CP-sgR3 2 CP-sgR4 > 4~ %|{rit & 31+ PiVX-Nhel-F & 7 F
Eprl g F s o £ 41* =3t RARp A F1+ 2 Nhel > 2 2 3 39 A F]+ 2 Clal 2
FIFEr o 240 Sk B S AR (P12 T R IE R R4 R (A+70/492) »
R2 (A+47/492) ~R3 (A+24/+92)% R4 (A+1/+92) #- pGR-PiVX5~R1 (A+70/+92)
R2 (A+47/+92) ~ R3 (A+24/492)% R4 (A+1/+92)4 &A1 2 L& /A > fI* B &
Bliddti e b 2 R VTR 48 [ S M RBERS > RNA -
A RLEFEFEAT PN ATR T Aok Bk o B R BT L8 PIVX 2
A% 7T F T4 ORNA 2 A4 (R4 B) - ¢ 2t B g 40 > a7 soh 48 | &
PEFIE R HA AU T L APV R HFLE - b PFRER
F-v SOQRNA 2. B %% » 7 123 I R4 (A+1/+92)2 % # # ~ 5 5 pGR-PiVX5 2
06 2(F4 B)od pt7 2 » F& 4 PIVXH 39 sgRNA T ¥ 43> 3 >3 &
B BAAR BT PET 23 P o SF & 11 b B % 0 F & M#F PIVXH 39 sgRNA
THAR IO ERETA3 3423 KA 0 0T L PIVX 2 8 3% SGP -

66 1 % 4 it -

PIVX § 3¢ SGP = & 3 H7F | 4 4

d % SGP ¥ 54 & F stem-loop 2 = mHE SRR T R
RARp shig & - 12§12t g5 & 2 g % (Grdzelishvili et al., 2000; Li & Wong, 2006) - #<
24 * MFOLD A2 5% (Zuker, 1989) & {7 PIVX & 3¢ SGP = s H3p k] » 4 11
A&7 0 SGP 2 H Mg A FlFaF 4oip ) £ 3 ostem-loop 2 = B4 B ek
Pl R 2 H RO HERI R T B0 sGRNA 8 7 i £ E & h(tip 4
=) e bt sgRNA A & P AT SRS 2 H% R Rk F2 (A-61/-24)% F3
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(A-6L/-1) teAp iRl % @ % ¥ MR T stem-loop 54 < e (e ) ecdEiR]
PR RORT 6 B 35 SRNA 2 B Af o k2 %0 F2 (A-61/-24)% F3
(A-61/-1)2. SGP = st 4fpl » 2 if v SQRNA 2 AR 4rf £ 8 - 4aifl7 it

VAN

o B TR A BT S M PSgRNA 2 2 & .

=~ % PIVX 39 2. SGP B 5|2 % ¢ ¥ % 3¢
(- ) PiVX i 3% SGP 23 %
A SEA P P2 PIVX § Fod SGP L J # il s hapd i I

i AEY T ¥ WaAH 9T F e sgRNA > A Pk 7 A w4 § 8 39 SGP 2 3°
B ehi 515 duSGP-F» % # 4 # -9 SGP 2. 5’#4 B 7|k % 513 duSGP-R -
VIR CE PR A F R Bed SGP i FAFH o AP 2 % 22t TGB3 2 i v A
Fl2_ B0 & hAg B8 39 SGP e8¢ o I PF i) v SGP 2 5°#%%% » Sacll ~
Sall ~ Xhol % Notl *|fE*» = (Bl -+ - ) M pfs* 3% ~» 2@ bR F o FF
PGR-PIVX5-duSGP 2. € e f* 4 s #-H 23] 4 F+ 29 F1 > v fh
PGR-PIVX5 2 v it i fdsf B o BB A F $ 04480 - X M i
TORACA G - R AT 14 X RIE TN A E P REIRAN R LR
21 % > HIRA F 2 HEE EAP (R 2 ) o d ST R 3 TGB3 A Fl2 375 7}

dv— i d-9 SGP R 7| T % giﬂ’}?ﬁﬂ* b FP2 UL BEFREREL

(=) e FFruig PIVX § v SGP 2 * ;N & R%J ¥ & 3o
12 pGR-PiVX5-duSGP & #4# » I 41 * Sacll 2 Xhol *X4|fix*7 =% » ¢k L
7] EGFP » & fﬁ”l PGR-PiVX5-EGFP - y* ja‘_,féf_i“v?ﬁ.,i 33 B d-d SGP: % - B
L5 TGB3 #¥lu i 3+23 (713 35 SORNA 2 Azt 5 +1) > &6 5 #7
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EGFP A %] % - BR|E/A-434 ¥ T 455 44 2 8 3 AF(FL- ) i
F82. % ;4% pGR-PIVX5-EGFP #48> v %+ > 1 I PR3 46 pGR-PIVX5 i &+ #
Pein o Jfis 7 3T BLBRTIHME PORPIVXS L B E R - R
PGR-PIVX5-EGFP 2 v ¥R & & dafdts 10 = 4 Hm % - B HIE(R+= A) L
PR R SR A G S o BT 10 % 0 BT S I
Brz A > #B2H > RNA> T U2 RfFEEF, > 822 247 o 11 EGFP
75 F1% - 12 DNA #F & 1l 2 % % B ot > 4248 pGR-PiVX5-EGFP 2 % &7 11 5 1|
:I]iai gRNA 2 EGFPsSgRNA ch % ## (Bl = B): @ f* PiVX i -9 A F] 3%
— 1+ DNA #5438 (7 1§ ip] > % % 87 #48 pGR-PIVX5-EGFP 2z & &-frl 4t % ¥
"% 54 gRNA 2 3 35 sRNA th 2 & w2 A5 a i F £ B (W
+= C)o ¥ 7 g 354E pGR-PIVXS-EGFP 2 # & - # JI’%«% gRNA &+
feiee < (Bl = C) 2 A% 5 s AFIMEY 40 » EGFP £ Flezdg @ eniy v

SGP/’%’J'J,’riﬂF:éT,/‘ﬁ’f%f}?’q%i%ﬁiJﬁz. 5 1kb =+ 2 BTk o

¥ ohod 424610 % 1 2 pGR-PIVXS-EGFP 46 11 3 £ AT AcHLiE (7 RE
TSI AT F LR (RS A) o - 0 LR R R T
FHABAY R 2B F R 2 AH(M L2 B) - L EEHA
PGR-PIVX5-EGFP v 123t v %7 ¢ z\m%*iﬁ v 2 %d FkEw oA T AP Y
SHhv SGP L4 ARTHAFMNE L o 0 RBEREFR B
PGR-PIVX5-EGFP z_ v # H :ﬁia%l“%/{%ﬁiﬁ HRER H 3o 2 AHFEY P ERS

(B2 B) -
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N

) BFF U E PIVX B 3¢ SGP 2 * XA MM J ¥k Fv

d 3 PIVX Rl AR R MY eFgE R Fee Rl BE(L,
2010) » #c#v i*#- pGR-PIVXS-EGFPS #4] 1 R 4% ] > #hd R A% L o2 A2k
LB PIVX #Ti F ch EGFP 385 1 20 £ JLIF35 o 324815 72 /] 7 20 4 &
HBT RS FRZAR(RLT A MARERZ S T HRIIES
2% d ¥ kv 2 BRI B)o st %% 57+ pGR-PIVXS-EGFP ¥ 133 % ¢
LAY I 2B F ARG o LR APAHPULY v SCGP T ART
PEAT P et WRRIAREET B Ry 2 AAEP AL HEE S (BT

B) -

PIVX5-*C 2 54 RNA 2 5 3¢ Rk 4 17
W AR R ¢ REoT & FRA potexviruses ey F-v Rk Fl2 g FA 4N EE b G -

M ARE B | GUUAAGUU (Chen et al., 2005; Cété et al., 2008; Kim &
Hemenway, 1997; Koenig et al., 2006; Lee et al., 2000) » ¢ & 7| % & & gRNA 2. %
AL e &4 (Kim&Hemenway, 1999) > * #F sgRNA 7% ff+ 8.7 7 2 4
(Kim & Hemenway, 1997) - iz # potexviruses ¥ j — ¥54 B = {5 5] {e b it
LI T SR ;}}%%x%’ N L LA E P F o ¢ 5 SVXS0VX-CVX -~
ZVX 113 PIVX > ie# s i v AR Ao g P52 BT A G
CUUAAGUU (Li,2010) > % - B+ s Ca 2 .G (érz ) 5 71 P Em
LT A LG FRihe g AP PIVX S R I RERRE 5
B 2R %tk pGR-PIVXETPHC s 1 4141 pGR-PIVXE™HC 2t & i k5 = 2 55 %
RNA 2 & 30 A&7 447 o 5L @WHE 2 88 «F #4588 (in vitro transcript) » ¥ 4%
T2 AT RS 242 48 FREH 2 RNAZ 2§90 o A4
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S LA T RAREAAT LR T A 48 ] R =X 0] Pi\/ X5C5843G

2% & > B4 gRNA -~ i 39 sgRNA (F- = A)Z i v (W~ = B)2 2 f £

cEMRET ZEFLR o d LM FFHT F0 PIVX % 5843 BHEfRd C
fé

™

BARL G XA GHRHA AT R T LU e D 0 2

PGR-PIVX5™®C 2_ g # it 4 4 4%

4% pGR-PIVXE™34C g3 3334 2 v 4 > & ¥ 5 546 10 pg> & i
PEEBIFES > R PCR-PIVXE (5 P ¥HRE « Hfi8 7 27314
Pl B ERAIHMRAR > 2% 14 2 G B ERP S (RS- A)S
A 11 PGR-PIVXE™C w2 jegs E 01 Lt gifb s 8 = D Myp i HAcE B A A
ol $HRefprt f G (B - A)e HAEINA RS ST 0 FHREY
BAEM 14 % DRypsc s B 1 pOR-PIVXECHC g 2 ks b prpl & 4 spme )

R(R-L = A)-

Aot Y 2 opd B AT AR wOTRAE 14 AP E L B
ﬁi 4 .?ﬁ»ﬁ » 1 PR ;Y ELISA 7 A4 357 o d AR g o= ”_Jﬂ;ill , #‘%‘7@_

POR-PIVX5™™® 2 sofs 3 1) v B £ B 00 $B L 1 kS ERIL% 2

g WRITI RS (AL = B)e 50 &~ #FEsa pGR-PIVXEHC L3 5 thig iz #
Brld L fAE L BB 20 % 0 U RARRF LAREEFLEA 8

Rl - o BEFLH R A ERIHELS (RSN A FRERAY
PIFI 4 (B~ B)o vt i 30 % =00 L d i i (7 Rl B % % A be ()
LN C)edd g de s MPIVX 5843 PR d CBEARA G g A b
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PHRBBEZLAFETHE O AZSB I EE FENI NSRS AN
pl C®B % i 227 & RNA-) 3% 2 2 3 i * (interaction) » @ # C***% G

PGR-PIVX5-CP*2_ 4§l 2 m%e B 6+ it 4 2 2 4%
d * Potexvirus 2 ;;[;f,:; H fmre I cnfh B % & i) 3-v 2 {24 (Verchot-Lubicz
& Ye,2007) » e P 7 { SR BRI B G IR 0 BARLPIVX &

BT N2 f#epE 3 oo 77 2 potexviruses — k0 F R Fv 2 £ o &

WM

FU iR Fev 2o g SFAe 4078 (start codon) AUG R % & ¥ 1k #§ (stop codon) TAG - 11
# pGR-PIVX5-CP* » & #-H 548> 4%~ 20 # + » P34 pGR-PIVX5 i ;
T¥RE 10 X7 g Pl pCR-PIVXS 2 & H ¢ 7 M Mk Lifd
PGR-PIVX5-CP*2_ %46 Bl i § Fiftc(Bl - 4 A)-it— # b o2 fbE 2 36
VAR ERFAY 0 T PIVX-CP*& 2 2 iy 3v (B4 B) - £¥FH#%
Hod e aeal » SRBNET L RS T 48 BB 2 RNA» a3 3¢
FIFEFEAYT R 2o w o AR D AR TT g FIEE PIVX 2tk
i&}}%4 gRNA % i 39 SgRNA s 5 » @ fdifd PIVX-CP*2Z &k &4r 2 3
F I 39 sQRNA H A (Bl - - A): 21 med gRNALZE 5 34> = R
LpER AL T 18 B o BT RITIES QRNA Z JUs(Rl- - A7) e st ik
Bor o g PIVX 2 @i 3 /o s a Sif WE P R DI - ¥ ob o o
Boo L E B FRMBE? 4 RNA S L4 0+ % pGR-PIVXE-CP* 5 42 4+ 4
A2 Fo a1 10 2 BB EE S 2 RNAS = je b e 7 ip)
BEATF EAGRIES ORNAS & 25 5 P19 39 sgRNA 2 &7 % £ (] -
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2 - i

i demd ? 0 ¥ 0045 SQRNA £ S 2 “i g B 1A F Lehing 5 0 g R
4 12:% 78 gk (infectious CONACclone) | & 2 # &t - e F 2 S R 2 T2
FHOZILFEERA T2 RNA T4 3 je & 028 (7 4 47 (Ayllon et al., 2004;
Grdzelishvili et al., 2000; Li & Wong, 2006; Lin et al., 2007; Renovell et al., 2010) -
gt 2 A B H e B s T3 BT UL A REARY Flpd BT
N2GEH PR R CES P HB F R i hd TS LT sgRNA
A:,\, #Bf‘&éﬁﬁ# &’#?i ﬁ %,,_,o]\?‘r;ili__q.%é}]%# Kib TR Es R R4 %‘rgﬁ
FRFAT 1R e hd FHlOEEL R & adFT = 2+ (Renovell
etal, 2010; Vives et al., 2008) » % & p 4 >t R £ FAE ¢ AF Ry > &7 2 PR
FAFE S URPESFHFF T A1 R AR FAKE (5 4 5 (Renovell
etal., 2010) 4t % Bk 0 4B (73 2 BHMR - RER Y 245 L 2

FEVE ERNIEEE E SR L ES FE N R

2ORGRAILG EE T RMAS N EE & PIVX B 39 SGP 2 A4 0 AR T

A H pGR-PIVX5 o #- pGR-PIVX5 &84 ¥ 2 2 Fal » & R 5fdis 24 /)
PF~ A48 R T2 ERHPRA TR RNA T2 27017 o Bk
REmd bR EREA8 ) IS i p TlmF gRNA 2 sgRNA 2 R4 » @ 1 72 pF
AHEL P RER) - d AP RBOLTH DNA > 7 £ RNA #4848 - &
FRfhE e AR FRNAB I wee > 27 FT 424 RdRp
2 i AR PR 2R T AT R EE L ARG ER A APEY 2
B2 FREA P AR APV Z R F L e pd AT RS g RF

Y
=

3

kl
"i?«

E

P BEIIRS SR T 2478 s FElr PIVX i
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B AL FHRFL -G Fo e RETHIAG PRI R L AR
e hFE0 FRAELE LB S REUFCRELY TR T RRT N AR
Fo K2 EE RESAF LR FHLUR &L FHEF I

32 R "P&W’ﬂif"/?

P ok BB R B2 2 B3 0 ¥ pGR-PIVXE A1 1 B % Ffs > 1L
BELSEA AT 00 b PRI ERREE LR 2 RNA S gt

L EEFLAITN L PR A f‘f’x:fﬂ:i—‘fﬁiv‘%‘ E’ﬁ?f%’f%‘lj}"f"’%éaﬁ—r ' B K 2

ATTELHE  BEFFOY 256 Y AEY B I8 T g IR
gRNA 2 sgRNA P Bz B A e d 205 6 P AE L RFT4A 2 EF HE F | >
ErR S o il SRS AR T A S ESR S AT EF LT %R

Bod T AT o 1 R SR B RRCERER N W RITIR 4 gRNA 2
SQRNA e ff > 4k (FilAe» R fiif » X2 d w2 * W F s hd Tz e
Mo TR s VR E o T AP HRATR Y 2 S HE 0 PIVX R
it HE i d SEEAFR O R R PR T B B T g B
CEEN 2 20 F RN NN N

SRR SRR ORI oS R

15 FL 2 7 PIVX 3 3d SGP 2 ~ 45 o

MG R A YR D PIVX 8 -0 AR ]2 g4 4 8E 0 #- potexviruses ¥
28 0 EFACANBE P PEOAFIR B U IRE G - 2RI (M
=)o FHIp] & N4 potexviruses 2. # 44z 4o B i W Bt R o #ddAndn gl T
i F A% 347 SGP % 2 £ R ST AR AR R i PIVX ¥

Fd A F2 s RERE B hpA Y G SGP 2 MY 2 %
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TG Ry HAARhe B2 B 18 o gt S e (T SGP 2 3R 572
AT e a1 kg SGP 2 3R pF o I F1 (A-61/-44)2 54 gRNA % &
#v SgRNA % 4 £ %+ pGR-PIVX5 % » ‘5d T B H 8 A 45 K7 adnlp H -2
gRNA ™ F1 (A-61/-44)2. sgRNA % 4t £ = pGR-PIVX5 £ 4 F £ £ » + &
FFL(A-BL/-44)H "5 R 1T 7 6 FY 3y A T2 ot B ¥ 22 IRNAT
4 gRNA B £~ 95 pGR-PIVX5 2 1.5 & (& #17 FifL) » 4ipl-61 1 -44
PEAIIT LG AralEd ORNA R g2 # i A PR B i

ORNA 2 R & TR FH 4 > d U ER 5!]‘% 77 e (F G 8 -9 2 SGP ¢t

e R TGB3 2 fA %] P % B > Potexvirus 2. #7 3 & A B TGB3 § % &4
45 %2 g 42 7 (Batten et al., 2003) > & & A S F S TP W o N PVE E FE T

TGB3 z # F]& & 30 £.F ¢ 42 PiVX 245 8l - F2 (A-61/-24)2- gRNA % # £
fo pGR-PIVX5 4pi1- ¥ @ 28 % £ B » iy 3o SQRNA frp B> » B om-43 1 -25
T A R 9 sgRNA pFz 2w & A7 » e B 7 4y £ 5 4e3p SGP L2 # it » &
R RATZ AR AT PR T T 43 Ak § R4 ek o
F 3 EA T HKAIE3 (A-61-1)FF i1 5 i v SgRNA 2. % 4 > 480 2-23 1
22 Fre 7 ARE F-9 SQRNA 2 & & B 71 o ¥ % » “ﬁ% T 39 sgRNA % ##
B2 g B7 UERI F3 (A-61/-1)2. gRNA 1R # B B A © > L3R ia 4

g aerdn o

MmAtE - SGP 2 SR 2 A S EFR o PR E S48 R4

=%

(A+1/+92) 1% 57 124 F| > B3 39 SQRNA 2 B ff » FIot o ik i i 03 $ov
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SGP z_ 5’8 F o 2R ¥ v & A+l 2 i*i‘?iif?w‘“'l"ff » 4 € 7 T &7 sgRNA

i

DRF RFFZFT 0 F A Aot > Pl E T PIVX # 39 SGP 7 ¢ 7 48t
7 Potexvirus 4 ;I;'Mr PR AMIEEES 0 AFH I FRAFE S e 2

PIE R BRI A  F TR AR A PRI SRR ERIFH L BT A

#4SGP 2 5 f

1R LS E T 9 SGP A 7P IR i gRNA 2 i 39 sgRNA 2
BFAIR3iEiEd > Jaippt = iFiEF ¥ i 5 SQRNAs > * £ I TGB1~TGB2 2
TGB3- 5 TZF M B 444 TGB1-TGB2 2 TGB3 & &K+ & - 43515
WU EFES  YRF L2 BAFF NS Ed o P F2L B L L ORF 2 ?
FR 7] g 2ot b 537 R?’M“ﬁ%?&%f%? NI 3FEEFZAHFES

A (R4 ) 27 i)

Wi

L SGP & LM% §F - SGP X Flaksk > 1
®H SGRNA B % FI R e > 2 sgRNA 2 R £+ ¢ Flpta § oo s
(Grdzelishvili et al., 2000) - #$*:E pGR-PiVX5 ~ R1 (A+70/+92)% R4 (A+1/+92)
AR L B e ADNAFSEFN, > EL 2521 TGB1-TGB2 # TGB
SZ HFA BT WRIFE Y § NI ITE A AP DR R A L R 2 ISR
O 3 A BT LRI PIH B0 SQRNA 2 UB(RlS L - ) - TR
> gRNA 2 & 39 SgRNA z. FFen3ixif 4 ¥ 2L+ W 2 L TGB 1-TGB2 2 TGB
3 2 SgRNASs > o 11 % e ch® — PHIFE Y 7 BRI T 5 0 S RIT A AR
A A EERY AL 2 pA LR AoV b LY %GR & A G RT) TGB 1

TGB2 2 TGB 3 2z sgRNAs » ¥ it £ 7 pt A2 » ;7 » # £ sgRNAs 2. % % & %
ORI 2 FE S VoA A e 3 EEN 2 < S BT T G E R
2 OEEIL T A

42



AT - 2% 50 RRFETHIZH FY SCGP LF LG Hato ¥ - 2w
# 2 A0 AFEE Fe9 SGP e 5 e PIVX s 2 B G Y 22 4 URE
# i # 7 pGR-PIVX5-EGFP o #- pGR-PIVX5-EGFP i 8 v ¥ pF » % 1

PGR-PiIVX5-EGFP 4 pGR-PIVX5 #4267 10 = 2 #2465 + »# gRNA 2 sgRNA

g

ZAMELEBFALAL S Y RG 3§ EGFP L 4 R £ 0 4 3 2 )
% 77 & PIVX e TGB3 2 i 3-v 2 B4 » i v SGP B 7|2 % ¢ § k3o A 7]
P E LA WA Y 39 sgRNA 2 g > 1 AgLRT] EGFP & 51k §l'g 2
RA(B+-2) &7 HmHme Iﬁa% ;Wﬁ'iz%fﬂ%ﬁﬁf_:&%ﬁ;o @ #- pGR-PiVX5-EGFP
By FEAAL > PV NGRS F R 2 AR(B e frBST) A
PR e 2o AR ORI PR IR 0 4548 pGR-PIVX5-EGFP 2 i 3-v R f# £ P &g 5 30
o fR e o P 7 i _EGFP sgRNA 2 i 39 sgRNA ¢ 5 49 b 2 %) 5
ER et EGFP % aehfin™ » PIVX 8 -0 R €1 % 2 4] PIVX 5 o
PiVX-EGFP fﬁ MERBAERIMR O NP RAEFI MY BAIEEZY
PP T T A RBEL FREZ A D ¥ AEKRET S TREDY
d @k Fd LM(AETLFR) Bt opEs fHERET RRT 7 g T Bt
fhA Mot R K FIEGFP 1% - 52 24 hp g i sk hd F Ty
¥k B ACA LR T PIVX-EGFP 2. % ¢ ¥ 5k 36 4 I i fril § 782 &8 17 UV

EREDERT o g IS FEAH O RRT R RF GO FLEPIVX 2 X RF
AopEZFWUEB AT R T ALRBRE vy B RS PHRAD
SR R S FIE L SOk S IS

AAEF LT EH A

F_&

Erps {8 P wA SR 215 27
Flens i o @ AT TR & R w2 W (Clebaetal, 2007) o @ - 4 4 {4
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SRR EF IS Y SRR AP RF AL T2 ]ﬁaﬁ;;ﬂri,{,{m el 4)3]];3

Nud

Bz o PIVX 5 J8=de % ¢ A\%ﬁ:".iflﬁai NG P P X 7R

e

B2
il
|

i

AR LA ER2 (LI, 2010) 2 PR AFRIENEABHE A AF L6

7/

2B - M gmpa e B2 BT ket o g3 PIVX 2 38 % op e
Moot F % ¢ » 3 AL PIVX-EGFP 2 ¢ %o %48 B 87 4 3| PIVX % )
PR Bt R AET R BRI A AT R S TR R R R G o s

Al s 4 UMk 7 4 £ % T (overexpression) 2 A F] 4% 2 (gene
silencing) > *# 3 {4 & F]2_ # it (Lacomme & Chapman, 2008) - PiVX z_ % X %
AARGUAEPZ g WA EFEAE T L5 ES 0 AP 2IReE I Tk
BT R R A 5 AR LY 2055 p St 2] LR L4
2 it Frihig {7 4 17 (Stintzing & Carle, 2005) > @ PIVX J5 4 A48 7 r2ie 5 47 3 i 4

FREHF AT 1L FI AP R > S e

bt EFE LA E e g L F 4 2 potexviruses i F-v 3 FliE A4

2L P52 F A 5] CUUAAGUU » H % - B Fpa{e s # potexviruses # e &_
THALE B C BR®S G2 pGR-PIVXETHE o
PGR-PIVXS™*C s s 3 & 47> 4 M H A8 H 2 %4 B #I 48 PGR-PIVXS5 2 {8
BRER X224 B®L FREDN S od MAEFT R THY LA FR
PIVX5“®HC 2 4 RNA e f# 108 4 4] PIVX 4p i (R1+ = A) s # 7> 6 2 &
Fik2 B PIVXSSC i A £ BE(E L~ B) v i
PR HRERE 2 EREPIVX iR mre? 2 iR 2 e A A
B0t Y ELISA ) pF 0 3 A48 pPOR-PIVXS™HC 2 e 6 o 4 3 v B 46
RS o d AT T AR potexvirus 2 A e Fme B E PR & A 3y
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2 %2 (Wuetal, 2011) » ga= 4 48R 7 i £ 7] 5 =+ R > 2 RNA {rif 39

Bt UER P EHZ B AP RARTPIV At Fme B2 BE LR o
© #7172 potexviruses — & 0 F & B kv 2 %2 g pGR-PiIVX5-CP* e
FRGEET O FRA D FY A AREFE - NHELT R THY BS 2 gRNA 2
SORNA % A & P Bgip > > @ 3t 2 EAEHY T R I gRNA 22 % # > daip]
PIVX &35 2 B2 Fa8? 2 A3 23 3 cnflete L % 8 & PVX ¥ B R
e PVX i 3-v A F12. 5758 {7 frame-shift deletion El??’:f,;ﬁi #& ;% %5 3 (Nicotiana
tabacum cv. Samsun NN)2_ J&f ¥ F R f » @ X R 2 T2 f[,ia«% gRNA 2

B H9 SORNARFE» FPETE HRTHAFG = 8- 8 hy $828

b

pd i AT o B RS FARARE o pA LA AR B A B
SORNA 2 s 5 # = > 3 3ov o & 4% fr ORNA 2 3 66 2 3 17 hfga
gRNA » =7l g i 3-v 7 A& PF - 4 gRNA $2F % 47k f2(Chapman et al,
1992) - Mr‘ $h2 ¢k > Sempere ¥ 4 » ¥ - fEgF 0 @ ke R 5 Potexvirus
z_ Pepino mosaic virus (PepMV)} & 78 37 » 3 IR i v 2 A R %
BB A 2 gRNA 2 sgRNATHmwe @ 2 R § 80 > B3 T8
0ATFISH 36 BRHRA ]  XoRa D ATFIHARINS B A F ok e A
FOERS LR REA T e e DA R e T B2 B Ee e ]

THRS B 9 P mA AT WA 0 @ AH B9 ST AR A2 ORF &l wi
Be LG iiggmd RNA Rfehstin » 2 pd o B2 B8 F R b 44
(Sempere et al., 2011) - ¥ ¢t > g2 X A 48 pGR-PiIVX5-CP*2 v ¥ HE + &

F‘JE‘J-‘])%—% ORNA 2 % > 4r 7 & Flut ¥ 2 PIVX 8 39 58 lmre FF 2 $56 >
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5 8wt kS TE R B0 £ P %3 ORNA 2 3 3 sgRNA 2 B i -
AP EEFERA R PTG L E - F g S S d el v B

Fpad me B2 B B RE 3 h % od WAL LB FRY 2

F‘
)

LRI S RBREFT O REMATPIVI 28 3y i E HE L P e

Fhd o F /I 5 PIERBIRF3 (A61-1)2 gRNA e # £ 205 5 R 4 Al

o

—R

N

PEP BRSSP Al k9 SgRNA = 27 A 4 enfiRT o H e FL &)

LT R ENAET W 0 T b e b fRR 2 o

AEY Gk ITEAEY 0 AipA v H e ? 2 RNA R Y AR AT R
R A E T EPIVXZF%RFL MPIVXEAREARBERAAT Y > &
ERERAE G RITES 2 (L, 2010) s 2R F AT R TS 2R
FAREE o T8 L0 g e MER R LN S WA PIVX AP E i
P2R2FM R EFHE 0 X2 A7 A RELR oD P Ry EE
PREE S F RS TR A2 A RT AR ie i L 1§ PIVX

Mz Y o

46



&~${¢%

5§ (2008) « (BT X A 2 ATk Xopd 2 A Bl i o B2 oA
R BN SR I R R

FfE (2007) 0 4 E XA ATA ML FHAFER R PE AR R - B
SRS RIS BB L LY o

Abramoff, M. D., & Magalhaes, P. J. (2004). Image processing with ImageJ.
Biophotonics International 11: 36-42.

Ayllén, M. a, Gowda, S., Satyanarayana, T., & Dawson, W. O. (2004). cis-acting
elements at opposite ends of the Citrus tristeza virus genome differ in initiation
and termination of subgenomic RNAs. Virology 322(1): 41-50.

Balmori, E., Gilmer, D., Richards, K., Guilley, H., & Jonard, G. (1993). Mapping
the promoter for subgenomic RNA synthesis on beet necrotic yellow vein virus
RNA 3. Biochimie 75(7): 517-21.

Bar-joseph, M., Yang, G., & Gafny, R. (1997). Subgenomic RNAs : The Possible
Building Blocks for Modular Recombination of Closteroviridae Genomes.
Seminars Virology 8:113-119.

Batten, S. J., Yoshinaris S., & Hemenway C. (2003). MicroReview Potato virus X :
a model system for virus replication , movement and gene expression. Molecular
Plant Pathology 4: 125-131.

Baulcombe, D. C., Chapman, S., & Cruz, S. S. (1995). Jellyfish green fluorescent
protein as a reporter for virus infections. Plant Journal 7(6): 1045-53.

Chapman, S., Hills, G., Watts, J., & Baulcombe, D. (1992). Mutational analysis of
the coat protein gene of potato virus X: effects on virion morphology and viral
pathogenicity. Virology 191(1): 223-30.

Chapman, S., Kavanagh, T., & Baulcombe, D. (1992). Potato virus X as a vector
for gene expression in plants. Plant Journal 2(4): 549-57.

47



Chen, J., Shi, Y.-H., Adams, M. J., & Chen, J.-P. (2005). The complete sequence
of the genomic RNA of an isolate of Lily virus X (genus Potexvirus). Archives of
Virology 150(4): 825-32.

Coté, F., Paré, C., Majeau, N., Bolduc, M., Leblanc, E., Bergeron, M. G.,
Bernardy, M. G., et al. (2008). Nucleotide sequence and phylogenetic analysis
of a new potexvirus: Malva mosaic virus. Infection, Genetics and Evolution 8(1):
83-93.

Dawson, W. O., Lewandowski, D. J., Hilf, M. E., Bubrick, P., & Raffo, A. J.
(1989). A tobacco mosaic virus-hybrid expresses and loses and added gene.
Virology 172: 285-292.

Donson, J., Kearney, C. M., Hilf, M. E., & Dawson W. O. (1991). Systemic
expression of a bacterial gene by a tobacco mosaic virus-based vector.
Proceedings of the National Academy Sciences 88: 7204-8.

Eckerle, L. D., Albarifio, C. G., & Ball, L. A. (2003). Flock house virus subgenomic
RNAZ3 is replicated and its replication correlates with transactivation of RNA2.
Virology 317(1): 95-108.

Eckerle, L. D., & Ball, L. A. (2002). Replication of the RNA segments of a bipartite
viral genome is coordinated by a transactivating subgenomic RNA. Virology
296(1): 165-76.

Franconi, R., Di Bonito, P., Dibello, F., Accardi, L., Muller, A, Cirilli, A.,
Simeone, P., Dona M. G., Venuti A., & Giorgi C. (2002). Plant-derived human
papillomavirus 16 E7 oncoprotein induces immune response and specific tumor
protection. Cancer Research 62(13): 3654-8.

French, R., & Ahlquist, P. (1988). Characterization and engineering of sequences
controlling in vivo synthesis of brome mosaic virus subgenomic RNA. Journal
of Virology 62(7): 2411-20.

Gleba, Y., Klimyuk, V., & Marillonnet, S. (2007). Viral vectors for the expression
of proteins in plants. Current Opinion in Biotechnology 18(2): 134-41.

48



Grdzelishvili, V. Z., Chapman, S. N., Dawson, W. O., & Lewandowski, D. J.
(2000). Mapping of the Tobacco mosaic virus movement protein and coat
protein subgenomic RNA promoters in vivo. Virology 275(1): 177-92.

Hendy, S., Chen, Z. C., Barker, H., Santa Cruz, S., Chapman, S., Torrance, L.,
Cockburn, W., et al. (1999). Rapid production of single-chain Fv fragments in
plants using a potato virus X episomal vector. Journal of Immunological
Methods 231(1-2): 137-46.

Hu, B. I. N., Pillai-nair, N., & Hemenway, C. (2007). Long-distance RNA — RNA
interactions between terminal elements and the same subset of internal elements
on the potato virus X genome mediate minus- and plus-strand RNA synthesis.
RNA 13(2): 267-80.

Kim, K. H., & Hemenway, C. (1997). Mutations that alter a conserved element
upstream of the potato virus X triple block and coat protein genes affect
subgenomic RNA accumulation. Virology 232(1): 187-97.

Kim, K. H., & Hemenway, C. L. (1999). Long-distance RNA-RNA interactions and
conserved sequence elements affect potato virus X plus-strand RNA
accumulation. RNA 5(5): 636-45.

King, A. M., Lefkowitz, E., Adams, M. J. & Carstens, E. B. (Eds.). (2012). Virus
Taxonomy: Ninth Report of the International Committee on Taxonomy of
Viruses, 9th edn. Amsterdan: Elsevier. 1327 pp.

Koenig, R., Lesemann, D.-E., Loss, S., Engelmann, J., Commandeur, U., Deml,
G., Schiemann, J., et al. (2006). Zygocactus virus X-based expression vectors
and formation of rod-shaped virus-like particles in plants by the expressed coat
proteins of Beet necrotic yellow vein virus and Soil-borne cereal mosaic virus.
Journal of General Virology 87(2): 439-43.

Koev, G., Mohan, B. R., & Miller, W. a. (1999). Primary and secondary structural
elements required for synthesis of barley yellow dwarf virus subgenomic RNAL.
Journal of Virology 73(4): 2876-85.

49



Lacomme, C., & Chapman, S. (2008). Use of potato virus X (PVX)-based vectors
for gene expression and virus-induced gene silencing (VIGS). Current Protocols
in Microbiology, Chapter 16(February), Unit 161.1.

Lee, Y.S., Hsu, Y. H.,, & Lin, N. S. (2000). Generation of subgenomic RNA directed
by a satellite RNA associated with bamboo mosaic potexvirus: analyses of
potexvirus subgenomic RNA promoter. Journal of Virology 74(22): 10341-8.

Li, W., & Wong, S. M. (2006). Analyses of subgenomic promoters of Hibiscus
chlorotic ringspot virus and demonstration of 5J untranslated region and
3J-terminal sequences functioning as subgenomic promoters. Journal of Virology
80(7): 3395-405.

Li, Y. S. (2010). Characterization, infectious clone consruction and antiserum
preparation of Pitaya virus X. Master Thesis, Department of Plant Pathology and
Microbiology College of Bioresources and Agriculture, National Taiwan
University.

Lin, H.-X., Xu, W., & White, K. A. (2007). A multicomponent RNA-based control
system regulates subgenomic mMRNA transcription in a tombusvirus. Journal of
Virology 81(5): 2429-39.

Marsh, L. E., Dreher, T. W., & Hall, T. C. (1988). promoter, 16(3), 981-995.

Miller, W. a, & Koev, G. (2000). Synthesis of subgenomic RNAs by positive-strand
RNA viruses. Virology 273(1): 1-8.

Pasternak, A. O., Spaan, W. J. M., & Snijder, E. J. (2006). Nidovirus transcription:
how to make sense...? The Journal of General Virology 87(6): 1403-21.

Renovell, A., Gago, S., Ruiz-Ruiz, S., Velazquez, K., Navarro, L., Moreno, P.,
Vives, M. C., & Guerri J. (2010). Mapping the subgenomic RNA promoter of
the Citrus leaf blotch virus coat protein gene by Agrobacterium-mediated
inoculation. Virology 406(2): 360-9.

50



Stintzing, F. C., & Carle, R. (2005). Cactus stems (Opuntia spp.): a review on their
chemistry, technology, and uses. Molecular Nutrition & Food Research 49(2):
175-94.

Sztuba-Solinska, J., Stollar, V., & Bujarski, J. J. (2011). Subgenomic messenger
RNAs: mastering regulation of (+)-strand RNA virus life cycle. Virology 412(2):
245-55.

van der Kuyl A. C., Langereis, K., Houwing, C. J., Jaspars, E. M., & Bol, J. F.
(1990). cis-acting elements involved in replication of alfalfa mosaic virus RNAs
in vitro. Virology 176(2): 346-54.

van der Kuyl A. C., Neeleman, L., & Bol, J. F. (1991). Deletion analysis of cis- and
trans-acting elements involved in replication of alfalfa mosaic virus RNA 3 in
vivo. Virology 183(2), 687-94.

Verchot-Lubicz, J., & Ye, C. (2007). Molecular biology of potexviruses: recent
advances. Journal of General Virology 88(6): 1643-55.

Vives, M. C., Martin, S., Ambros S., Renovell, A., Navarro, L., Pina, J. A,,
Moreno, P., & Guerri, J. (2008). Development of a full-genome cDNA clone
of Citrus leaf blotch virus. Molecular Plant Pathology 9(6): 787-97.

Wang, J., & Simon, A. E. (1997). Analysis of the two subgenomic RNA promoters
for turnip crinkle virus in vivo and in vitro. Virology 232(1): 174-86.

Wu, C. H., Lee, S. C. & Wang, C. W. (2011). Viral protein targeting to the cortical
endoplasmic reticulum is required for cell-cell spreading in plants. Journal of
Cell Biology 193(3): 521-35.

Yang, G., Mawassi, M., Gofman, R., Gafny, R., & Bar-Joseph, M. (1997).
Involvement of a subgenomic mRNA in the generation of a variable population
of defective citrus tristeza virus molecules. Journal of Virology 71(12): 9800-2.

Zhang, G., Slowinski, V., & White, K. A. (1999). Subgenomic mRNA regulation by
a distal RNA element in a (+)-strand RNA virus. RNA 5(4): 550-61.

51



Zuker, M. (1989). On finding all suboptimal folding of an RNA molecule. Science
244(4900): 48-52.

52



IS

R— > AARAERZI] TR
Table 1. The primers used in this study

Primer name

Sequence (5°-3°)

GeneRacer 5’
PiVX-CP-R1
GeneRacer 5’
PiVX-CP-R2
PiVX-sgF1
PiVX-sgF2
PiVX-sgF3
NOS-3
PiVX—-CP-Clal-F
PiVX—-CP-ClaI-R
PiVX—NheI-F
PiVX-sgR1
PiVX-sgR2
PiVX-sgR3
PiVX-sgR4
PiVX-octa-F
PiVX-octa—R
duSGP-F
duSGP-R
SacII-EGFP-F
XhoI-EGFP-R
CP-stop-F
CP-stop—R

CGACTGGAGCACGAGGACACTGA
TATAGCGGCCGCCTCTGGGGAGGGAAGAAGTTGGA

Nested primer GGACACTGACATGGACTGAAGGAGTA

CCATTATCGAAGCAGTAGTTGACGAGC
CATAGCAGCGGTGAATAACCGC
GCTTAAGTTTTAGCTCTAGTTGTG
GAAAACTAACTCCATGGCTACTC
TTATCCTAGTTTGCGCGCTA
CCGGCCCTTTCCAAACCCTATCGATGAGCCAACTCACTGCAC
GTGCAGTGAGTTGGCTCATCGATAGGGTTTGGAAAGGGCCGG
GTGTTTGCTAGCTACGACTGATGG
GTGGGGTTAGTTCTTGCACCC
CGAGGATGAAGATTGTGCTGTTTG
GAGTAGCCATGGAGTTAGTTTTC
ACAACTAGAGCTAAAACTTAAGCG
GCAGCGGTGAATAACCGGTTAAGTTTTAGCTCTAGTTGTG
CACAACTAGAGCTAAAACTTAACCGGTTATTCACCGCTGC
CTCGAGGCGGCCGCCATAGCAGCGGTGAATAACC
GTCGACCCGCGGTTGAGTAGCCATGGAGTTAG
CCGCGGATGGTGAGCAAGGGCGAGGAGC
CTCGAGTTACTTGTACAGCTCGTCCATGCCG
CTAGTTGTGAAAACTAACTCCTAGGCTACTCAAACAGCAC
GTGCTGTTTGAGTAGCCTAGGAGTTAGTTTTCACAACTAG




%~ K

(A) (B)

< 700 bp

<« 270 bp

— ~ ARk #p35S-PiVX52 & . 2RNA#4T5 RACE > S4Bk 5 & a R A
BERNAZ S5 3% R £ © (A) % — 5 BOR 6 a2 8 RE 2 & 4(700 bp) 24 1%
agarose gel BT E AN X ER - B)F R EX RS HEHRIEXZ E D270
bp) A 1% agarose gel:E4T & 7k 547 Z & & ° M A1 kb plus DNA ladder (Fermentas,
Burlington, Ontario, Canada) °

Fig. 1. The 5’ terminal fragment of CP sgRNA amplified from p35S-PiVX-infected
C. quinoa total RNA by 5’ RACE method. (A) Analysis of PCR product (700 bp) by
1% agarose gel electrophoresis. (B) Analysis of nested PCR product (270 bp) by 1%
agarose gel electrophoresis. Lane M: 1 kb plus DNA ladder (Fermentas, Burlington,

Ontario, Canada).
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transcription start site of CP gene
->translation start site of CP gene

pP35S-PiVX5: gttgteEEEElascElodeleaseleolols
CP-5’ RACE: AGAAACLV:VVAGHV:VGINGO7UKEIE(0))
GAAAACTAACTCCATGGCT

B— - PiVX# & B RAEMBERNAZS RACEEMMIZFER 5] - PIVXZ &
G AR ey kA B (E R AT RN 2 E AL B (R AT HR) LR B 13 B B -
L+ @ Ap35S-PiVXSH %] » F @45 RACEEMEI 3] o RIEH 5 A E BT
RNA-oligof- 7! ° TGB3 % K & 1k #5TAA LA K 4742 T ©

Fig. 2. Nucleotide sequence of the 5’ RACE product of PiVX CP sgRNA. The
transcription start site (filled arrow) of PiVX CP gene is located at 13 nt upstream
its translation start site (dotted arrow). Upper line represents p35S-PiVX5 sequence;
lower line represents the sequence of 5° RACE products. Gray part is RNA-oligo
from the kit used. The stop codon of TGB3 gene is underlined.
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p35S-PiVX5 ]

TGB1 TGB3 NOS terminator

%Sr’Qter /

Shfl Xmall

LB RB
I
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pGR

35S promoter NOS terminator

l

RdRp TGB2 CP RB

PGR-PiVX5 -L|f'|--J Ly F

35S promoter TGB1 TGB3 NOS terminator

=~ pGR-PIVX5Z #4% Rugom & B o A A ShIAo Xmal IR #] Bg 4 > #5PiVX
77 2Rk cDNAZ B35S ®) F > #p35SHAE L B4 2 pGRE M L > UEAH
pGR-PiVX5 °

Fig. 3. Schematic structure of pGR-PiVXS5 construction. The ShfI - Xmal fragment
covering the PiVX full length cDNA clone together with 35S promoter was moved
from p35S vector into pGR vector for pPGR-PiVXS5 construction.



1 ~ pGR-PiVX5-4 » pGR-PiVX5-7 » pGR-PiVX5-9 & p35S-PiVX5n & 3 +
ZRR IR o L 4R Z BB © Mock B 4E#EddH,0Z 4k & o ILABAEE -

SLA& A& %% -

Fig. 4. Infectivity assay of pGR-PiVX5-4, pGR-PiVX5-7, pGR-P1VX5-9 and p35S-
PiVXS5 on C. quinoa. Symptoms caused by each clone at 14 days post inoculation.
Mock: samples were inoculated by ddH,O. IL: inoculated leaf, SL: systemic leaf.
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< 650 bp

B & ~ pGR-PiVX5-4 * pGR-PiVX5-7 » pGR-PiVX5-9 & p35S-PiVX5H: 47 & #
Z 4% BRHERNABHZEN - K 14K > AR ST AR RIE ST &R
B2 BBERAGE LRFEMZED - AR 650 bptk i LA AT SAAR T © p35S-
PiVX52% E¥ B4 - M2 1 kb plus DNA ladder » ILA 343 » SLA A 43 -

Fig. 5. Viral RNA accumulation of pGR-PiVX5-4, pGR-PiVX5-7, pGR-PiVX5-9
and p35S-PiVXS5 on inoculated C. quinoa. Total RNA of inoculated and systemic
leaves at 14 dpi of each treatment were analyzed by RT-PCR. The expected 650 bp
fragment is indicated by arrow. Lane M: 1 kb plus DNA ladder (Fermentas,
Burlington, Ontario, Canada). IL: inoculated leaf, SL: systemic leaf.
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Mock pGR-PiVX5
24 48 72 24 48 72 (hpi)

<« 9gRNA

<« CP sgRNA

rRNA

N PIiVX¥ & GSGPur W H iz BR-RAEE B EER - HFpGR-
PiVX5E #DNABMENAE 2 B A T3 > BB 24 0T ~ 48/ N BEF R T2/ N5 7]
IR A H B ARNA 0 £ A TTHPIVXH & G A3 3% & — M6 ZDNAKE
EATIE T BB 5 AT ZEE R © Mock A B AEddH,0 2 4k b © gRNA % 7% & 4 B 42
RNA (gnomic RNA) * sgRNA % 5 % X 35 B ##RNA (subgenomic RNA) > A _E
# % A F7 384T ° rRNA & loading control °

Fig. 6. Pretest of PiVX CP SGP analysis —protoplast assay. N. benthamiana
protoplasts were inoculated by pGR-PiVXS5 plasmid DNA. After 24, 48 and 72 hours
of inoculation, total RNA were extracted from protoplasts, and analyzed by Northern
hybridization with DNA probes targeting to 3’ terminus of PiVX CP gene. Mock:
samples were inoculated by ddH,O. Arrows at right indicate the gRNA and CP
sgRNA of PiVX. rRNAs are served as loading control.
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< CP sgRNA

+ ~ PiVX$i & GSGPu# ik 2 F RlA-RAR A S A& R - FpGR-
PiVX5H #DNABA 2 AR H » A A BEAZ B ESENSBRZA L BITHAME
Ry AR BAEIR R 0 B 24 (A) R4S/ (B)RE M IR I — R HA4E
R #EIRHE2RNA > £ A TAPIVXH &G KR E3 mE— 1452 DNAKSE
TR F A THZE R - Mock B H:FEMMA bufferZ # & ° gRNA % 75 % A B 42
RNA (genomic RNA) * sgRNA % 7 % X 3k B # RNA (subgenomic RNA) > A £y
# % AT $84% R ° rRNA %loading control °

Fig. 7. Pretest of PIVX CP SGP —agroinfiltration assay. N. benthaminana plants were
inoculated by pGR-PiVX5 plasmid DNA with agroinfiltration (3 leaves/plant). After
24 (A) and 48 (B) hours of inoculation, total RNA were extracted from inoculated
leaves, and analyzed by Northern hybridization with DNA probes targeting to 3’
terminus of PiVX CP gene. Mock: samples were inoculated by MMA buffer. Arrows
at right indicate the gRNA and CP sgRNA of PiVX. rRNAs were served as loading
control.
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Nhel Xmal

RdRp | TGB2 CP
pGR-PIVX5 —p- .
35S promoter TGB1 TGB3 NOS terminator

wild-type [
F1 A-61/-44 |
F2 A.61/-24 |
F3 A-61/-1 |
R1 A+70/+92 |
R2 A+47/+92 |
R3 A+24/+92 |
R4 A +1/+92 |

TGB3 CcP

B A\~ pGR-PiVXSHI 4 % 4 k2 Ak 5T c U E AR R X eI K
F(H) SR M T Lt R EHF] (A 61/ 44) F2 (A-61/-24) &F3 (A- 61/—1)%

W R Gk R1 (A+70/492) ~ R2 (A+47/492) ~ R3 (A+24/+92) & R4 (A+1/+92)
BZ IR IR R R &

Fig. 8. Schematic structure of pGR-PiVXS5 deletion mutants construction.
Construction of upstream mutants F1 (A-61/-44), F2 (A-61/-24) , F3 (A-61/-1) and
downstream mutants R1 (A+70/492), R2 (A+47/+92), R3 (A+24/+92), R4 (A+1/+92)
relative to the transcription start site of CP gene (+1). The gaps represents the deleted
sequences.
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<« 9gRNA
<« CP sgRNA
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(B) vxq v RS

- wom o s - < 9RNA

B /L~ PIVX# & GSGPX 3 MRS X maréE R - 3 BB ESH AN HAEL
WATHAE > 48/ N B E B 2RNA > A THPIVXH Z G AR E— 14
A ZDNABEAEATIE T AT ZER - (A) BB ZGSGP I M n &£ -
(B) % ¥ & B SGP 5’3 X 0 #r && R © WT A #EAEpGR-PIVX5Z #k &t © Mock & #: 42
MMA BufferZ # ¢t © gRNA % 7% 7 & H 84 RNA (genomic RNA) * sgRNA % 7 #
R & B #RNA (subgenomic RNA) > MA L% LA #7 384% 5~ ° rRNA &loading
control °

Fig. 9. Mapping of the boundaries of PiVX CP SGP. N. benthaminana plants were
inoculated by each plasmid clone with agroinfiltratioin (3 leaves per plant). After 48
hours of inoculation, total RNA were extracted from inoculated leaves, and analyzed
by Northern hybridization with DNA probes targeting to 3’ terminus of PiVX CP
gene. (A) Mapping of the 3’ boundary of CP SGP. (B) Mapping of the 5’ boundary of
CP SGP. WT: samples were inoculated by pGR-PiVXS5. Mock: samples were
inoculated by MMA buffer. Arrows at right indicate the gRNA and CP sgRNA of
PiVX. rRNAs were served as loading control.
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pGR-PiVX5-Clal  pGR-PiVX5

+ ~ pGR-PiVX5-Clal#2pGR-PiVX57 & 3 E 2 & 4 H 813K - 421 KRB 2R
#E - MABEMIIH,0X ke o ILABMEE > SLAAKE -

Fig. 10. Infectivity assay of pGR-PiVXS5-Clal and pGR-PiVX5 on C. quinoa.
Symptoms caused by pGR-PiVX5-Clal and pGR-PiVX5 at 21 days post inoculation.
M: samples were inoculated by ddH,O. IL: inoculated leaf, SL: systemic leaf.
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RdRp TGB2 CP

pGR-PiVX5 —-J

35S promoter TGB1 TGB3 NOS terminator

pGR-PiVX5-duSGP

i | /L | /A
GR-PiVX5-EGFP X
P ! [ EGFP — cp
TGB3 ;
+23 -43

+— ~ pGR-PiVX5-EGFPZ# £ ks~ E - A1 A RO BREREFHZa
SGP (4x &4 45%) /T B > 48 % 842 B 0% B ASacll ~ Sall ~ Xhol B Notl '] B
fir > A HEpGR-PiVXS5-duSGP A+ A Sacll B Xhol# ¢k k. 3 B EGFP# ATGB3
R CPZ il > BA % s pGR-PiVX5-EGFPZ A4 5 - st Eéa#i 3% B A H1E% & aSGP :
% — 182 BTGB3AE 210 £ +23 (A ¥ & G sgRNABSRE B A+]1) > B mEA
EGFPA R - % B R| & 4#£-43 (A3 & G sgRNA kA4S B B+ 1) 3E 40 £ 14 @4
w2z EakR o

Fig. 11. Schematic structure of pGR-PiVX5-EGFP construction. PCR was used to
duplicate SGP (red line) with Sacll, Sall, Xhol and Notl cutting sites for pGR-
PiVXS5-EGFP construction. Following that, the EGFP gene was inserted between
TGB3 and CP genes with the help of Sacll and Xhol digestion and ligation for pGR-
PiVXS5-EGFP construction. There are two CP SGPs in pGR-PiVXS5-EGFP: one at
TGB3 gene extending to +23 (the transcription start site of CP sgRNA was +1), the
other at -43 (the transcription start site of CP sgRNA was +1) extending to CP gene.
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Mock

pPGR-PiVX5-duSGP pGR-PiVX5

+ =+ pGR-PiVX5-duSGP#pGR-PiVX5# & # E 2 & % /7 81K - 4821 %
%2R E - MABEMAEIIH,0Z 45 > A & HRB4A o #4EpGR-PIVXS5Z ik b
BHIEHRM - ILABREE SLAZKRE -

Fig. 12. Infectivity assay of pGR-PiVX5-duSGP and pGR-PiVXS5 on C. quinoa.
Symptoms  caused by pGR-PiVX5-duSGP and pGR-PiVX5 at 21 days post
inoculation. M: samples were inoculated by ddH,O. IL: inoculated leaf, SL: systemic

leaf.
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<«—EGFP sgRNA

& "
<« CP sgRNA

+= - pGR-PiVX5-EGFP#pGR-PiVX5# & # k2 m# ARNA R HZ FH -
(A BREZIORZ A ERMUE - (B)EFEKZIOR > HRBMEELSRNA £ A
EGFPA B & —MDNAF ST A ZER - (O)BREZIOR » IR
FELSRNA  E A THPIVXH & G R E3mE— 152 DNAFEE T 48
B2 EER o MABEREIIH,0Z 4k & o 1 A #:4EpGR-PIVXS5-EGFPZ & 3k &b ©
24 FFEpGR-PIVX52 45 4 - gRNA A % 7 A B B2 RNA (genomic RNA) > sgRNA
A% #RIKAEBRNA (subgenomic RNA) > A L & AAT AR T - IRNA %
loading control °

Fig. 13. Symptoms and RNA accumulation of pGR-PiVX5-EGFP and pGR-PiVX5
on inoculated C. quinoa. (A) Symptoms caused by pGR-PiVXS5-EGFP and pGR-
PiVX5 at 10 dpi. C. quinoa. plants were inoculated by pGR-PiVX5-EGFP and pGR-
PiVX5 plasmid DNA. After 10 days of inoculation, total RNA were extracted from
inoculated leaves, and analyzed by Northern hybridization with DNA probes targeting
to EGFP gene (B) and PiVX CP gene (C). M: samples were inoculated by ddH,0. 1:
samples were inoculated by pGR-PiVX5-EGFP. 2: samples were inoculated by pGR-
PiVX5. Arrows at right indicate the gRNA and CP sgRNA of PiVX. rRNAs were
served as loading control.
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26 - - - | cP
— SDS-PAGE
26 = F <— EGFP
SDS-PAGE

+w + pGR-PiVX5-EGFP#* & # L 2 EGFPRRIEH o (A)EMEELIOR > AE
RBEHMGEBRRERERRBREL - 4% AT & #(bright field) ~ Chroma 41020
JES(GFP)RIBE SRS - B &5 K100 um ° (B)EMEZIOR » R LR EE
AW BRAEFREWHRORGKERAEOIERR - HEOGREEZEAKREAN
#T884%5% o SDS-PAGE %loading control ° M #:#&ddH,0 #k &t ° 14 #4EpGR-
PiVX5-EGFPZ & 34k &b © 2 A3 AEpGR-PIVXSZ Ak b o

Fig. 14. The green fluorescence expression of pGR-PiVXS5-EGFP on C. quinoa
plants. After 10 days of inoculation, the leaves inoculated pGR-PiVX5-EGFP were
observed using an epifluorescence microscope, and proteins were analyzed by
western blot. (A) Microscopic images of inoculated leaves under visible light, and
UV light using Chroma filter set 41020 (GFP) and I3 filter. White line: 100 um. (B)
Western blot analysis of inoculated leaves. CP and EGFP are indicated by arrows.
SDS-PAGE as loading control. M: sample was inoculated by ddH,O. 1: sample was
inoculated by pGR-PiVX5-EGFP. 2: sample was inoculated by pGR-PiVX5.
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+ 27 -+ pGR-PiVX5-EGFP## ¥ L Z EGFP & HIER o (A)B:AE4 T2/ 6 >
D ABBGRREREE R LRI > 2 % LT A K& (bright field) ~ Chroma
4102078 4% (GFP) R I3RS 5 - & &K K250 um » (B)EAEZ T2/ > %
BELEBRBALIIV REHZORGKERLEOZREA - HREAOR&KER
X% & A FT8E4Z5T  SDS-PAGE &loading control © M % #: 4 ddH,0 4k 5 © 1
2 #HAEPpGR-PIVXS5-EGFPZ A B 4k &b o 2 A A pGR-PIVX5Z Ak b ©

Fig. 15. The green fluorescence expression of pGR-PiVXS5-EGFP on N.
benthamiana plants. After 72 hours of inoculation, the leaves inoculated pGR-
PiVX5-EGFP were observed using an epifluorescence microscope, and proteins
were analyzed by western blot. (A) Microscopic images of inoculated leaves under
visible light, and UV light using Chroma filter set 41020 (GFP) and 13 filter. White
line: 100 pm. (B) Western blot analysis of inoculated leaves. CP and EGFP are
indicated by arrows. SDS-PAGE as loading control. M: sample was inoculated by
ddH,O. 1: sample was inoculated by pGR-PiVX5-EGFP. 2: sample was inoculated
by pGR-PiVXS5.



<€ gRNA
— - <€—CP sgRNA

rRNA

SDS-PAGE

X~ AL T EER @ BFHESH PIVXSCSBOEPIVXSH A E R A H 88
¥ 2% #FRNA (A)RHEAB)AMEER - A ABIEGMEREAERAYE
B b o HAEIR24/ B R A8/ BRI EUR A H BE 2RNA 0 fE A T HRPIVX$ & G 5
33 E—MESZDNARSETIL ST A 54 - B)F AW MEHEEENE
RAEHEY  BEB24NFRAGNEHRRAETRSEGY > AEF BFkE
AT # ° Mock & #48ddH,0Z 4k &% © gRNA A 7% 7 % B #RNA(genomic RNA)
sgRNA % 7% # R & B #2RNA (subgenomic RNA) » CPAPIVX# &G » L E=%%
PLHT B8A% T~ ° IRNA A SDS-PAGE % loading control ©

Fig. 16. Northern blot and western blot analysis of viral RNA and CP accumulation of
PiVX5988Gand PiVXS5 in N. benthamiana protoplasts. (A) After 24 and 48 hours of
RNA transcript inoculation, total RNA were extracted from protoplasts, and analyzed
by Northern hybridization with DNA probes targeting to 3’ terminus of PiVX CP

gene. (A) After 24 and 48 hours of RNA transcript inoculation, total protein were
extracted from protoplasts, and analyzed by western hybridization Mock: samples was
inoculated ddH,O. Arrows at right indicate the gRNA and CP sgRNA of PiVX.

rRNAs and SDS-PAGE are served as loading control.
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SL

+ 4 ~ pGR-PiVX5C883G g pGR-PIVXSH & # b 2 B 2 M8 » (A)44E14 14
RZBBBELER - (B)BMAEKI4R » UPIVXH & & $ufiF 47 B B X ELISA
DM ZEER o Ri-test EBATHRIT A 0 SHE B R pEE N H0.05 0 B
pPGR-PiVX5C83C R A pGR-PIVXSZ Ak st i B R ER A K E2 B BB A B
ZEE  ILABERY SLAAZAKLE - MABMAEIIH,0Z 4 & o 1 A8 EpGR-
PiVX5C8436 2 4 &7, o 2 B B fEpGR-PIVXS5Z 4 dh - BHRIEAHCEH - *RT A
BEER -

Fig. 10. Infectivity assay of pGR-PiVX5©3843G and pGR-PiVX5 on C. quinoa. After
14 days of inoculation, the plants inoculated pGR-PiVX5¢3¥3G and pGR-PiVX5
were observed and analyzed by I-ELISA. (A) Symptoms caused by pGR-
PiVX598¥36G and pGR-PiVX5 at 14 dpi. (B) I-ELISA analysis of inoculated and
systemic leaves by P1VX CP antiserum. Statistical analysis by t-test at p value <0.05
indicated that there is significant difference of CP level on the inoculated and
systemic leaves between pGR-PiVX5¢846 and pGR-PiVX5-inoculate plants. IL:
inoculated leaf, SL: systemic leaf. Mock: samples were inoculated by ddH,O. 1:
samples were inoculated by pGR-PiVX5©3843G_ 2: samples were inoculated by pGR-
PiVX5. Each treatment had six duplicates. * means significant difference °
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(A)BREZ20ORBHREZSHER - B)BAB20RAKEZSHER - O 4
BIVRALKEZDHER - MAEMAEIIH,0Z 4kt o 1 ~ 2R3 A4 B pGR-
PiVX5C5843G2 = F48 4k db ° 4 ~ SR6ABHEPGR-PIVXSZ = 4 4k 4b o

Fig. 18. Western blot analysis of CP accumulation of PiVX5%#3G and PiVX5 in C.
quinoa plants. (A) Western blot analysis of inoculated leaves at 20 dpi. (B) Western
blot analysis of systemic leaves at 20 dpi. (C) Western blot analysis of systemic
leaves at 30 dpi. Mock: samples were inoculated by ddH,O. 1, 2 and 3: samples were
inoculated by pGR-PiVX5%34G 4 5 and 6: samples were inoculated by pGR-
PiVXs5.
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Fig. 19. Symptoms and CP accumulation of pGR-PiVX5-CP* and pGR-PiVXS5 on
inoculated C. quinoa. After 10 days of inoculation, the leaves inoculated with pGR-
PiVX5-CP* and pGR-PiVX5 were observed and analyzed by western blot analysis.
(A) Symptoms caused by pGR-PiVX5-CP* and pGR-PiVXS5 at 10 dpi. (B) Western
blot analysis of inoculated leaves at 10 dpi. CP is indicated by arrow. SDS-PAGE as
loading control. M: samples were inoculated by ddH,O. 1: samples were inoculated
by pGR-P1VXS5-CP*. 2: samples were inoculated by pGR-PiVX5.
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SHFAAFZEER - (B E MDNAN G R L > [0RZIRBEFEESRNA - &
T HePiVX# & G A F3 5 & —MDNAFA BT T HAEPWHZER - M
#ddH,0Z #x ot © 1 A 3EFEpGR-PiVXS5-CP*Z 4 ot ° 2 A4 F#pGR-PIVX5Z #ik db o
gRNA % 7% % % B 22 RNA(genomic RNA) * sgRNA % 5 # X % FH #2RNA
(subgenomic RNA) » LA _E % & A7 B84% 7~ © TRNA Aloading control ©
FEARARRSEZER > THARLFR I8N FZER -

Fig. 20. Northern blot analysis of RNA accumulation of pGR-PiVX5-CP* and pGR-
PiVXS5 in N. benthamiana protoplasts and on C. quinoa plants. (A) N. benthamiana
protoplasts were inoculated by in vitro transcripts of pGR-PiVX5-CP* and pGR-
PiVXS5. After 48 hours of inoculation, total RNA were extracted from protoplasts,
and analyzed by Northern hybridization with DIG-labeled DNA probes targeting to
3’ terminal of PiVX CP gene. (B) C. quinoa plants were inoculated pGR-PiVX5-CP*
and pGR-PiVXS5 plasmid DNA. After 10 dayss of inoculation, total RNA were
extracted from inoculated leaves, and analyzed by Northern hybridization with DNA
probes targeting to 3’ terminus PiVX CP gene. M: samples were inoculated by
ddH,0. 1: samples were inoculated by pGR-P1VX5-CP*. 2: samples were inoculated
by pGR-PiVXS5. Arrows at right indicate the gRNA and CP sgRNA of PiVX. rRNAs
are served as loading control. Upper panels: 5-minute exposure. Lower panels: 18-
hour exposure.
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=+ — ~ R RERE > Bub b 65 5 M pGR-PiVXS5 ~ R1 (A+70/+92) A&
R4 (A+1/4+92)7 A E + 2 RNA R HEH o ML BAR B 4758 pGR-PiVXS5 ~ R1 (A
+70/492) B R4 (A+1/+92) #4873 32 £ > 48/ NB-{4 3 ERERNA > 5 %)4E A ] v
TGBlﬁ:l TGB2A& R ~ TGB3A R APIVX# & a A R3 3w & — & 462 DNA
WEHBATIU T 6 MR - WTAEAEPGR-PIVXS5Z i ab - R1AHFER] (A
+70/+92)Z kot © RAZHAERS (A+1/+92)Z i dh - M A H:FEMMA Buffer #k &b ©
gRNA % 7 3 2 B ##RNA(genomic RNA) * sgRNA % 7 % R 3 B #RNA
(subgenomic RNA) » LA _E w4 % LA 384% 7~ © rRNA Aloading control ©

Fig. 20. Northern blot using different probes of RNA accumulation of pGR-PiVXS5, ,
R1 (A+70/492) and R4 (A+1/492) in N. benthamiana protoplasts. Leaves of N.
benthamiana were inoculated by pGR-PiVXS5, R1 (A+70/+92) and R4 (A+1/+92).
After 48 hours of inoculation, total RNA were extracted from inoculated leaves, and
analyzed by Northern hybridization with DNA probes targeting to TGB1 gene, TGB2
gene, TGB3 gene and 3’ terminus of PiVX CP gene. WT: samples were inoculated by
pGR-PiVX5. R1: samples were inoculated by R1 (A+70/+92). R4: samples were
inoculated by R4 (A+1/+92). Mock: samples were inoculated by MMA buffer.
Arrows at right indicate the gRNA and CP sgRNA of PiVX. rRNAs are served as
loading control.
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Appendix 1. The CP sgRNA/gRNA value of F1 (A-61/-44) and wild type PiVX.
Imagel was used to quantify the level of gRNA and sgRNA. Statistical analysis by #-
test at p value >0.05 indicated that there is no significant difference between CP

sgRNA/gRNA value of F1 (A-61/-44) and wild type PiVX.
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HN & GsgRNAZ R AR E R -
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Appendix 2. Secondary structures prediction of sequences around CP transcription

start site of wild type PiVX (A), F2 (A-61/-24) (B) and F3 (A-

61/-1) (C) by

MFOLD program. We suggested that the secondary structure encased by gray

background is important for CP sgRNA accumulation.
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