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k=3¢ % (Hylocereus spp.) & & #i7 £ 37@2 £F k&% » 3t FX = f
Potexvirus 54 --ih 4 & X 54 (Cactus virus X, CVX) ~ =3 % X Jz4
(Pitaya virus X, PiVX)# & 7 X :)ﬁai (Zygocactus virus X, ZyVX)--H i
MERALZH B¢ CVXp 2001 & 5 ZIFFER L 23k k> @p
©F 4 CVX-Huz CVX-NTU = B 2 £ A FIHAE 7L - TR LR D08
e ML HFARFTRALHES B CVX A3tz & - #3513 5 4%
FAA Y RLGY 2R RS FREGFRA D FRERL CVX £ %
AR TR CVX AR SR AF IV T3% e 2 - A
Fra f8 CVX A8tk T 2R A > 2 Lt FBEAD T T » A
PR Y FEE e R fepe iR Y ERET RN
A B CVX B % 138 78 $5--HO15 % NOL5- & & chpi i & b e i 7] & w2
CVX-Hu~CVX-NTU 7 &% 4 ¢ & > ® &2 2 &5 Potexvirus @j’:}ﬁsi BEHS
A AT 0 A AR A A g 2~ 3 o % CVX-NO15 & CVX-
HO15 4 w448 >t ¢ % (Chenopodium quinoa)fe tk » ¥ L g % CVX-NO015 &
BE € 7% pehA) 2 - CVX-HOLS RIA & 2 B ¥ pfic > e BN 3]
%% i &l 4 o A 47 (indirect enzyme-linked immunosorbent assay,
indirect ELISA) 288 » & 2§ P A4 A B LR o2 H O FIEH T
(Nicotiana benthamiana) & 2 F #8348 = B E e pheni 4580 - 1 > B 8
(Nortehrn blot) » 47 % = CVX-NO015 77 RNA % # £ & # CVX-HO015 % & -
PR BES BEAKRRNA RN 4 hFS o - A EHS FHRNA
## % f¥ (RNA-dependent RNA polymerase, RARP) % i -+ (coat protein, CP)
h FIAE 17 B 4 470 4 Rt CVX-NO15 5 A # - % 4+ CVX-HO15 7 RdRP

A CPAF HAHET REFTHY s RNAAFETHF T F 2
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g CVX-HO15 & # 3@ ¥ # CVX-NO15 7 RARP ¢ CP A %2 & &5
4o Hm4 RNARAR Y F 97 2 K73 BE 4 RARP 2 CP A 7]
R H s RNA R fiae 3 e o @E £ & ¢ o pt 2 5 RARP w20 &
CVXiEsthtn ¥+ ¥ A L F)F o £4F RARP "% 2 L B

7 & 47 » £ ** methyltransferase domain £ RNA helicase domain & g2t ik =
B 7] B35 & CVX-NO15 &2 CVX-HO15 2 B chf B R b » 7 ar Hig &}
w2 RNA R LR HE & F]5 o 5o Mn BEARESHEE F&
BT RA TR {1 rr e F AR &R 4 F R (quantitative
real-time reverse transcription-PCR, RT-qPCR)~ 7 > & ./ & &7 RNA 7 f#
EYRIEBRE AR > T3 3 B drck o B AP ERED 2
A ERE LA BIRR R R 1% aps(cellulase) ~ 1%3E 47 fF
(macerozyme) %2 1%@fk 2+ fi= (snailase) - # iz 0.7 M &4 & A% (mannitol)iz j%
+ =i (glycine)iz i 2 R odE(sucrose)iz iz V EFE BT AL FE U 2 %
P AT CVX A F FHnFd e civ R 2 T sz 2 > 3

AR R R RT LA RE] P OTREFAT T L oo

ke @ odv sk s i 4 ¥ Xopd RARPAF S ~ B2 FHE
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Abstract

Pitaya (Hylocereus spp.), an emerging fruit crop in Taiwan, has been found
to be infected singly or mixedly with Cactus virus X (CVX), Pitaya virus X
(PiVX), and Zygocactus virus X (ZyVX), all of which belong to the genus
Potexvirus. In Taiwan, since the first report of CVX infection on pitaya in 2001,
there has been two published CVX isolates, Hu and NTU, of which complete
genomes had been sequenced and shown to be notably different in nucleotide
and amino acid sequences. We developed isolate-specific primer pairs according
to genome sequences of the two isolates, and found high incidence of CVX
infection in pitaya fields and that mixed infection was common as at least 73%
of pitaya samples collected from three orchards in Pintung and Taitung were
positive for both isolates. To further investigate the characteristics of CVX
isolates and possible interaction between them, we constructed two CVX cDNA
infectious clones, HO15 and NO15, whose level of complete nucleotide sequence
identity are about 97-98% with CVX-Hu and CVX-NTU, respectively.
Phylogenetic analyses also show that CVX-H015 and -NO15 are classified into
the cluster of cactus-infecting potexviruses. When Chenopodium quinoa plants
were mechanically inoculated with the infectious clones, chlorotic spots in the
inoculated leaves treated with CVX-N015 were observed; meanwhile, those
treated with CVX-HO015 appeared no apparent symptom. The inoculated leaves
were further analyzed by indirect enzyme-linked immunosorbent assay (indirect
ELISA) but showed no significant difference in virus accumulation. Moreover,
Northern blot revealed much higher viral RNA accumulation of CVX-N015 than
that of CVX-HO015 by inoculating Nicotiana benthamiana protoplasts with viral

transcripts. In view of this, we chose RNA-dependent RNA polymerase (RARP)
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and coat protein (CP) genes to perform swapping analyses based on alignment
and comparison of amino acid sequences in order to dissect possible factors that
affect viral replication. As a result, the differences in RARP or CP genes between
CVX-N015 and CVX-HO015 do play vital roles in viral RNA accumulation as
RNA accumulation of chimeric CVX-NO015 significantly reduced, while increase
in RNA accumulation of chimeric CVX-H015 was observed. Besides, the RARP
genes seem to be involved in the determination of chlorotic spot symptom in C.
quinoa. Additionally, after N. benthamiana protoplasts were inoculated with
CVX-NO015 and/or CVX-H015, mutual benefit in viral RNA accumulation were
observed by quantitative real-time reverse transcription-PCR (RT-gPCR). Lastly,
we tried to establish a pitaya protoplast preparation system, in which the
combination of the enzyme system containing 1% cellulase, 1% macerozyme,
and 1% snailase as well as 0.7 M solution of mannitol, glycine, or sucrose was
found most effective. As a whole, this research in construction and
characterization of CVX infectious clones and pitaya protoplast preparation

system is expected to be useful for further study in viral diseases of pitaya.

Keywords: pitaya, Cactus virus X, RNA-dependent RNA polymerase, protoplast
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LAV R A RATES R S A L4y W4 F 2 (Cactaceae) = & 1 (Hylocereus
spp.)¢ & * i A 41 (Selenicereus spp.)2- % & 4 ~ Fipdr g g o H R4tk
BB g E R & 4R(F], 2010) 0 R P R REART F A B E(Wu et al,
2006; Wichienchot et al., 2010) » “ﬁf TITREE T s EIRS F R R
A1 E 8 B4l PFR * (Azwanida et al., 2015; Woo et al., 2011) - =45 & & ~
T @y 1T S LA B2 RA AT e 2 RE T 19% & ¢ adp
R EAARG P fORSRAC B ] A M AT AR D SRR A A

FoH-F 2 2 (Mizrahi et al., 1997) » @ 4% a = 5 I 4 ode % 2
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PP R 2 AP ASRRLERAS R MY BEEY S
Boka I~ ?Eﬂ SR L EEE TR PR EL A A% 2 7 7] (Merten,
2003; Nerd et al., 2002) - H ¢ 4 482 p 1645 £ jF A A PFH T Liv K5l 2
Fedk FH PO MR P RAK T R FRES TR REES SR
E P 1983 EAjiAs 2 ¢ a FMIIET p LRk A BB R AR SR
B BN R AR RN T H(R, 2010)c P H A G P F REF LA
¢ [H. undatus (Haworth) Britton & Rose] % ‘= & ‘= ¢ [H. polyrhizus (F.A.C. Weber)
Britton&Rose] 548 > ¥ "L AR T BB E A L F 5 V3 P EF A A

(S. megalenthus Britton & Rose)*t# & ¥ 2 (%], 2010) o 4 IR 5 =30 % 1 & 12

o\

TN B e HER LT AR 103 E o EA R A G

#1676 25 » A B iE 38,965 v 0 A i 5 27.13 a0 ACRALETRE F A ox

2 B E o

FRIEBAED H R AR BLAM L 0T (&, 2016; X, 2016) ©

doi:10.6342/NTU201703675



(Z) eB¥ L EpT

M eitdk s Rpd o L NI FERt phETRE B ¥ LE F
BEFTRERSRFEEEP L AR RSN ERPTE R TSR
F 43 F & B E > e Neoscytalidium dimidiatum i = h% i %7 5% (Chuang et al.,
2012) - Rhizopus stolonifera i = /8 i 5 (¥ %, 2016) - Colletotrichum spp. #f 3% £
PR (5% ,2013) » 2 % 5 J 4o Bipolaris cactivora, Phomopsis spp. ~ Alternaria
alternata ~ Penicillium citrinum -~ Lasiodiplodia theobromae ~ Fusarium spp. *
Colletotrichum spp. g = 1% ﬁ;ﬁ,(”&i 2013) - ™ & fr}}%» I g
potexvirus -- i 4 ¥ X 54 (Cactus virus X, CVX) (&, 2007; Liou et al., 2001) ~ =
% X4 (Pitayavirus X, PiVX) (<, 2008; %,2010)% #& fjF X ;5 4 (Zygocactus
virus X, ZyVX)( , 2008)--#7 5 % o 13555 4 3 BRI o S Bk S H -
FRZMHERFA AT H LT RTFI FIRABHEO AR R A
FAREFRE LG LD TP 2 PAEY T R R RN T (3R, 2015)-
REREREET REE = ¥ g g L AN 0 iR PR E
g Fi=i (9, 2010) - gt ok > B 3 W4 E %2 g A (Cactodera cacti) g % i
TR N F e P INARBIHA(E, 2012) 7 5T BEE KT LR
w % 4 ¥d Enterobacter spp.i¢ & tnim B B R o L kA XA G SR E

(Masyahit et al., 2009; Valencia-Botin et al., 2013) -

= ~ Potexvirus 2. & & £

Potexvirus % Alphaflexiviridae £ =2 - > p wn & 354> 1 5 &% X :;Iiai
(Potato virus X, PVX) 5 i3 a4 o :J]%:?; BE S 5k £ R A 470-580nm > B S
/i + 11-15 nm (Verchot-Lubicz & Baulcombe, 2011) - & 7148 2 & £ H % RNA » =
% 5.9-7kb » # 5’55 2 i s th(cap) g 0 3R RS 9:]1# H pis ke (poly-A tail)
(Adams et al., 2004) - A F148 + + 3 7 B & 3] 0 2§ 3 1= (open reading frame,

ORF)-ORF1 %% 150-181 kDa «r3-v » 5 £ A F|%8 45 % 4p BE 4§ % f= (replicase)
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H + 7 N-terminal methyltransferase domain ~ NTP binding/helicase-like domain ¥
C-terminal RNA-dependent RNA (RdRP) polymerase = & i% = # it % 3.(Batten et
., 2003) - ORF2-4 & fi-= & 4p 3 7] % (triple gene block, TGB) » i A 4 #% 1 F-v
TGB1-3> TGB1 2 TGB2 &_ =t A Fl4E 1,58 2 3 > ¥ U P40 A # 4 (leaky
scanning)sh= ' & L TGB3» = fid-v 5 & * % B 40 M 2 £ & 39 (Park
etal, 2014) - # # 4 4 &£ 3] NTPase/helicase domain 7 TGB1 » # ¥ & potexvirus
PRILE R e Sdun & B A 0 RNA # 2 (RNAsilencing) 2. # it (Aguilar
et al., 2015; Verchot-Lubicz, 2005) - ORF5 P| f& & 1 =x £ 7148 075 5% & 3 ) 18-27
kDa &7k 3-v (coat protein, CP) » *% 7 @ 4% 2L FIH RNA 2= 54 f ¢ » 7 &2
TGB ¥-v & F %¥ 340 4w ¥ cfp #5 (7 % (Park et al., 2014; Verchot-Lubicz,
2005) o
M potexvirus A FIREAF W el o o doif B P oA A e M 1S
TEFRp LR RNAAFIMALEFAE L - AFURF - pF ATIMZ G0 BET
v

A TR L RO 7 R A TR ehx B4 2 =0 4 F)48 (subgenome) s+ £ & 4

|4

= 4F @W4§ & 4~ (viral replication complex, VRC) » f # f KA FIM 1A 2 >

(Batten et al., 2003) - @ 7 B potexvirus »t & 2 ke FF 45 & cha 3 5 4] > K A
PVX enip B 77 7 © & Iﬁ,:flisi € )= ¥+ 39 4F & 47 [ribonucleoprotein (RNP)
complex] » 2545 3 45> - f& 5 4+ RNA L T4 CP e @ 44> @ TGBL £ &
5728 A & 4 i & (TGB1-CP-VRNA) (Lough etal., 2000) ; ¥ - # 5 TGB1 & 442
=R+ W% & (TGBL-virion) (Santa Cruz etal., 1998) - 4+ #t » TGB2 *# TGB3 &
BTN et oA 2 VRC AN AT R 2R Sk (plasmodesmata) i £ A
“cap”tiif © % RNP4F & 43t vcap”fi?) = - d TGBL sI4E -2 & » o 4 kil

i ¢ (Park etal., 2014) -
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=~ i A E X5 (Cactus virus X, CVX)

(=) W4

CVXE & £ 1§ W4 - Amelunxen>t ¥ {] il 4 ¥ (Opuntia monacantha) .
Ao -‘]}35-%- fE 9520nm -~ F13nm> CVXRZ ~# FR7 e RH#L R &
e 32 i 4 ¥ (Zhangetal., 2016) » i & %‘gﬁ‘iﬁiﬁﬁ@% BN R BB B3
FAFE c CUXF AL REEF S A LS > o 404 £ (Opuntia spp.) -
[ F 4 % (Austrocylindropuntia spp.) ~ ¥ ih 4 # J§(Pereskia spp.) ~ &'~ i 4
(Schlumbergera spp.) ~ % % & (Ferocactus spp.) ~ A& & ¥ /4 (Echinocereus spp.) ~ 2
= & (Epiphyllum spp.) ~ @ 4 42 % (Cereus spp.) ~ = # 124 (Echinopsis spp.) ~ E 4
1= 4 (Carnegiea spp.) 2 = & 45 /4 (Hylocereus spp.) » it % & i = P & 2 I A
(Milbrath, 1971) ; &>* X CVXR % % 13k i1 £+ #F (F. acanthodes)g % % §1] A 4=
ﬁ\ﬁ%ﬂ‘@ﬁiﬁﬁﬁ%ﬁi%&c&ﬂ’%%ﬂi%iﬁﬁ*&ﬁﬁ

(Amaranthus caudatus) > ¥ »t 4 g fm®z 0 {F 24k N 7 %8 (Attathom et al., 1978) -

(Z)CVXR R eir k2 Fy #E

4 HMCVXRE A o2 7% » o B8 A NFAME e f oA R HIER
B AR B ehna B o e o 45 0o B2 ik 34T 2 3 (Chenopodium
amaranticolor) 2 4 2_ & %K'rifisfe,:}ﬁﬁﬁiﬁg THpeH o 77 1]%4 & HriRHU 5 #-
Hwfld e ® 207 LAp 02 8 e #4830 9 #(C. quinoa)Rl ¢ i@ = &
TR s VR AR R RS PR B TR RRRT OET A4
HUS CVX o gt s B35 % g =0 & o 48 (%1 %, 2004; Liou et al., 2001) -
REETIF AR N EARARGEHCVX-HUEF 2 EAPRTA » S5 ATIHE
£6.6kb > ¥ = 1 & potexvirusz. #4(Liou et al., 2004) - @ {s fF = & £ (2003)4*
HEBEP e WEEFED A FRA B BT L psd 2 ¥ Lo ks Re
Fr® ARG Fp 2§ P E e A p IR ezt iE A A - B CVX

A HEFRELL > 2 22 CVX-Hushif Fv 1k &2 v= il ik B 714p I A 3£95.3%£792.8% -
s e
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FI* FHEWCVX-ELLNE - Mt e -~ o9 s~ §jit - BL - £ 58
AT R R e TR RN AR R b A A 7 (indirect ELISA) o 3 SLCVX & i3 4

+ 5 £ 525% 0 @ kR F A e R 5 B L 91.6% (F F,2003) ¢ F i A7
3 32007 & 3 4 2. CVX & BANTU » &+ p ‘= (Gomphrena globose) & 5 2 = 3
Bl Y o BN e e e FEF @ S AR P Rp A T8 CVX-
Hui 28 > S 2L AP A 7~ # R FRNAG WUps 25 30 A A 74p
B 585%2286% > F|pt & AHNTUF it £ CVXen— B 37 % i(strain) (= ,2007) - @ “,%

TAERCRTE RS CVXR AR R E o N e g5 AR 0 p AT %

A g 2. CVXA dhdragonfruit» B a o 21 d FE R 1§23 5 52 Hop ik
EHPEES IR o B ARE R G2 E R PR A F RCVX-
dragonfruits CVX-Hus %% & F &2 (Kim et al., 2016) - ¥ ¢ > >+ @ ®id 5 § 2
NI B S F sl p AT R Y 0 /£ HTGB3 1 CP R 5 2 CVXE - 2
Sl Fmp Y RH N EF FER S A TR A BEAR EECVX-

Huenz pa & 240 & % 5 97% > & CVX-dragonfruitsnCP Y=L BE & 74P ¢ & 5

97.1%£299.1% > v 22 CVX-NTU % %4 i< I 12 (Peng et al., 2016) -

z ~ 54 i 2 F 4l (protoplast)

WAL RS OHER I FHEY FAERELF R S LA TR
BBrEs, - Ry T2 F BRA i we o - R R iEA e
.?%k Wiz 2w F £ | H R 4 (synchronous infection) » = % 18 4 & 47 PFEp L %
:;Iisi fnre B 4% 6 R B (Aoki & Takebe, 1969; Rao, 2007) 825 #v A 8 3814 ;g] [
By Adn R BiFweEiRd A RBFRRAPET G ahwe RE2FR
B ERIL A K,% T v B o4 % 2+ HE(Aoki & Takebe, 1969) - 2@ » F ¥ 4L

FRATHCL AR A B LT P(Ra0,2007) « fi K R EI* 3

‘“\

Fak R E R CE Aot sk 4t R 4 a8 (Cocking, 1960) 0 2 w4 F =t i

¥ (Nicotiunu tabacum var. Bright Yellow)¥ ¢ & # 5 %8 48 Tobacco mosaic virus
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(TMV) 5 1 % (Aoki & Takebe, 1969) » 25 % 2 p H 3+ ¥ 2 3 b2 F 1
Senh 2 FHER e AkE 2 FRA TR LR G A 1 2 (totipotency)
% 4wz % % (somaclonal variation)> 2 Fii 7 & ph e H e F 14
PRI DAFI L (ARSI EBEF T AR RS T A
Mok - B3 2xT 5o ApBE Bakrie R 2 FT 88 g & (protoplast fusion) st B 7 iF

# (transfection) = 3 3£ B ;£ * (Davey et al., 2005) -

WHR2FHEL B> EERARE FREFA2 oY 728

% ek s % (cellulose) ~ & % ‘% (hemicellulose) 2 % %% (pectin) (Cosgrove, 2005) -
- 45 % @ % g% pr(cellulase) i 14 % ¥4 5% (pectinase) (Davey et al., 2005) o :#-f% %
AT E F &% R A (osmoticum)ea Al oA B R BB B R Y R RALH B
(mannitol) » F]1H & ;2 e F L FF]* @ & f2(Evans & Bravo, 1983) o & * g tr
HAHLT 5 & FEIR2 KA,\AB&& d)ﬁ}x,;zpz* B2 Ry imiz o H P 25§ "]—:w‘]‘g i
FERD TP T EFESF > oiv FREPFF EEEER 3 RpHEZ
BER S RT IR E F o2 ET AL F A d(plasmolysis) k2 (Davey et al.,
2005) - ¥ ¢k ﬂT* WL R A r%rrgt‘rm—» 7O AR aE e N 5 N R i K 2
Ao 2 R2 FHAELR K2 BRFRY > 4oikie 3 s k¢ 3 F(Bryopsis
plumosa) e s S FR (S I R 4 T4 > 510-304 45 B (80 ¥ g - kR
s 2 A8 (Zhou et al., 2003) - & Binder % 4 (2003) Y 4* %t & i i= & % (Valonia
utricularis) ‘&4 §7i¢ B vz FHCA Ao £ 0§ 7 A d] CR T R AN
2RI D g ARE TR IR N R R A R T E 2 R 2 T

TR BHAARES AHWIRIAEREBT LR B

Koo 3 F A HBEEF o Bel 2 kA ik e
5 0] 0 % AR F 4 (mucilage) Bt A RS B F B Hd 355 R R RS

Fd L4 Ea 2 AL F R <P AR Rk S pE(fibrous
polysaccharide) (Gibson & Nobel, 1990) - 7 B i 4 E fi 45 42 2 F 4 @WK 3w

AL T FALETRKET S R E RE THA Y0 2 o Seeniz Gnanam
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(1980) 12 -] i 4 ¥ (Echinopsis chamaecereus » s Chamaecereus sylvestrii) 2. # -~ +

E2 T agh gl TR A0 @2 Bixmre o )% 2005 a2 pF 2 0.5%347 f*
(macerozyme)~> gt 4 4> R X RAEFLEFE AN RAL AT ¥ 0% o

Llamoca-Zérate ¥ + (2004)# * 1|4 (Opuntia ficus-indica cv. Gigante) = 413 -
MRAVIELFRERRATAG RS NP L FRFER L FR1%NG R
H75205%% MEFARE RS TS S AR E2 mET e AR 2w v
ZHG o RA > UG F SN B ESS T  B AN R Rt R
BRI G A oo 0 BOH M 4E (microalga) B 4 AR G B H A F R
(Schizochytriumsp.) ~ iff #Z = j% (Symbiodinium microadriaticum) % -|- z¢ & (Chlorella
vulgaris) s § 1 g % ¥ 22 45 = f¥ (snailase) » 2 i #e f=2_ 4 #(Cheng et al., 2012;
Chen et al., 2017; Lou et al., 2016) ; ¥ ¢t » Lu% A (2012)R| 44 ¥ — 8- 3k &

(Chlorella protothecoides)if|3# # e i % 45 fe ¥ 2 B 4 4 3ernc s » 3 R 1 2% 4

BERFERLOEAFT TR R THAE S Ey 5 bt 1%+ pF gL
2ok FRE2WR A EFE L B % Y 1% PN L% S Bom p o Al RS A
Bt TR R > Gupta® A (2011)3F R & B @ * B E iV BT iE S X s
(agarase) % % Wipsd H 5 A5\ enf¥ % % & p 3¢ % £ (Gracilaria dura J. Agardh£2 G.
verrucosa Papenfuss) ¥ 3| #2. 8 & & 7/ 2 F 1 - Wakabayashi % < (1999)€ 1 /& &
% @ enZ s A (AplysiaJuliana) s ’J";_’Jﬁu}g& ¢ g ’JJ]U??' S S NP R
##pF p 42 F ¥ (Undaria pinnatifida) ~ - # (Eisenia bicyclis) ~ -] /4 % (Endarachne

binghamiae) 2 7+ # & (Ulva pertusa)~ &t} Jn 4 44 o

E R 1

o
#

g

FAFTEAL R PR SCUXR L H S H k0 T ACVYX-Huz
CVX-NTU® i & 715 40§ A28 £ B cna gtk > TR 38 100 5 A detkend —
Ml JHE R 2 RS T HRF BER S fssas F BR(MNCRT-PCR) » 5 &

R Gt LW EFEA BRI FRESSXCUXRE L XL E
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PRASPRAFER AT E o AP B LR AEARSDRT > E S

CVXA 2 R AFEE A FHFREFE NFEL > F 22y 70 XCYXRE %
CAT R i A 71 4p 22 CVX-HUZ CVX-NTU R 438 stk > 4~ 7 2
B FE o~ 5l4edhug e o £ 20 [T # & (Nicotiana benthamiana) & £ FF 481 s =
%7

RNARFEAZR 2 A BEARBADLI FF o ¥ - 3G > AT % 49

TRk REFHOUE S 2o REFT W ERART -

BEANe B RFL DT L%
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IRl

- A FEWEL CUXRAEMNIAE
(-) #i&
D AR ERCNARINBELS LS F s B G 2 L3z e il

WEEFHEFEA S BEFTEBHEFEI0 BE TEHRSESFRRA T -

(=) BtLz K+ F @R & prig & s (magnetic nanoparticle capture
reverse transcription polymerase chain reaction, MNC RT-PCR)

7P~ 0.039 ez % p O E e s e 1.5 mL GE buffer [ 10 mM sodium sulfite -
2% polyvinyl pyrrolidone (PVP) ~ 0.2% powdered egg albumin (grade 11) ~ 2% Tween-
20 *+ 1x PBST (137 mM NaCl ~ 2.7 mM KCI ~ 10 mM NaHPO4 ~ 2 mM KH2PO4 2
0.05% Tween-20, pH 7.4) @ Ji& (747 B » #fT B o772 # 1 1.5 mL & g
po» 12 13,000 rpm e (Heraeus™ Pico™ 17 Microcentrifuge, Thermo Scientific,
Osterode, Germany) 5 4 4> B~ # 100 pL + F% 4r » © 7 5 5uL TANBead®USPIO-
102 .1+ 7 5K #+ (Taiwan Advanced Nanotech, Taiwan)70.2 mLPCR » & ¢ @ >
FETRII0 A48 BPCRF g FE A g MNP AR E ¢ st § &
B “1% BN RS 4o 2 10 pl PR AR 0 7 0.5 UM CVX-NTU-R2 31+ %
0.5uM CVX-Hu-R3 513 (% =) > * 96°C T {£% 5 A dd > B30k 504 » 1R
At MNP - G # p E RIS F B8 F i o

F gl @ 0 2 10pl 0k BRI 7 Sul s iE 5 Rk A IXAMV
Reverse Transcriptase Reaction Buffer; 0.5 mM dNTPs; 0.8 U/uL RNasin ribonuclease
inhibitor (Promega, Madison, WI, USA) ; 0.4 U/uL AMV Reverse Transcriptase
(Promega, Madison, WI, USA) » & 42°C = iT* 60 4 45 o

PCRF fis? » £20 uL chF it B¢ > p 3 2 pl & =& 2 5 38 F kR
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&4 5 1x Optimized DyNAzyme buffer ; 0.4 MM dNTPs; 0.2 uM 31 3 ¥ CVX-NTU-
F2/CVX-NTU-R2(% - );0.3 uM 313 % CVX-Hu-F2/CVX-Hu-R3( - );0.04 U/uL
DyNAzyme Il DNA Polymerase (Thermo Fisher Scientific, Vilnius, LT, USA) » PCR
2 373 E TR 5 & &k (T-Gradient, Biometra, Goettingen, Germany) ® » X & &
AR 94°CTRE2 448 212217 30 B PCR (ATRF & - 94°C T %1230 §
48 > 54°C T 4 & 30 480 T2°C B & 20 548> B 1L T2°CREF R 10 ~ 45 -
PCR & # 17 1.5% 2f "3 "} %8 & X & 47 > 48 55781 ¢ 4z (ethidium bromide, EtBr)
%4 ¢ {541 * BioDoc-It System Bio-imaging System F& % % (UVP, Upland, CA, USA)
BLREET S8 FFH#M N CVX-NTU 2 CVX-Hu & - Higd <]~

%) % 500 bp % 289 bp -

2 ~CVXRERHERERE £ 25K5 2 HA

(=) #ipre 35S fede 3+ pds 2 2 & R CVXCDNA E 7

AFPTRFPBEED 3 REF AT RAE LI A1 CUX & i -
P53 HpE o RN D H R S NTU 22 500bp 4 crnmn 38 ™ > gt 4 % &
Fé £ 3% 78 K vg (two-step cloning)i& (7 > & RE a2 224 - 7 L% £ 2 Plant
Total RNA Extraction Miniprep System (Viogene, Sunnyvale, CA, USA) % B~ {8 1~ &,
2 RNA - ﬁ & SuperScript™ Il Reverse Transcriptase (Invitrogen, Carlsbad, CA,
USA):ehig * p » 5fe3l 5 NTU-dT-R(% - )ie 7 7 S8k b > 114 2 5 - %
cDNA- % — pr g ze @ » 2w it cDNA 17 2 PCR ¢4 » i# * Phusion® High-
Fidelity DNA Polymerase (New England Biolabs, Beverly, MA, USA)#z e 3l + %
Farm-F/Farm-R4 % Farm-F5/NTU-dT-R(% - )i& 743 » PCR 2 {7 ¥ * 4 fa Tk
FR&? RTF ARG 98°CTHML A4k 2 (587 35 B PCR BARF &
98°C T %1210 #;48°56°C T 4k & 30 /48 72°C B & 1~ 15 48 & {2 11 72°C
FobF 10 A4 3R MR 9 46 Kb S CVX 4 BT E b R B

PCR # 3 =+ (amplicon). 5 1%3§ #7 %3 8 & 74 4 #7916 » 2 QIAEX® Il Gel Extraction

doi:10.6342/NTU201703675
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Kit (Qiagen, Valencia, CA, USA) it p & DNA - #-d p35S-GFP (Clontech, Palo
Alto, CA, USA):zs¢ @ % 2. p35S-D20 {48 12 Stul &2 Smal i& {7 *f s g7 - g 12
antarctic phosphatase (New England Biolabs, Ipswich, MA, USA)&JZ - 14yt 48 &2
2 T4 polynucleotide kinase (New England Biolabs, Ipswich, MA, USA) &2 7 CVX
PR F TN RS 0 GEH 52 384 W Stul 2 Smal 7 v g & R
%2 > {8 5] p35S-CVX-N-5" ; 3’=8 % g. 2 BamHI i®* % T4 polynucleotide kinase
Lt o &2 3§ Stul & BamHI PUAIRs 27 o0 p35S-D20 e i S 0
3] p35S-CVX-N-3" o & = fFfeciEse ¢ > p35S-CVX-N-5"2 p35S-CVX-N-3" % v
4 % 4 § ¥ - > = Sbfl &2 Hpal #7 > w 4z p35S-CVX-N-3" #7155 7.4 kb
71 DNA % £ (i 3 NOS) it 5§14 » & % fz p35S-CVX-N-5"4# # 7 5 ) 3 kb
DNA % B (i F 35S e +)» iz & i‘ & > #3358 i + R 2. CVX
>E B CDNAZE AR SR IA 171 0 & &5 CYX-NOLS(B- a) -

F- 3G o @ FE AR EETERELHR  F T A CVX A
BB - 1251 3 SRR > RN I 5 Hu 2 289bp ixd o T 0 fe R ER
AR ERAREEFERRDER o U w R B R ER 5P e
RNA 2 i& {7 RT-PCR > *& & = % — %% cDNA pFeérgppe 2 513 5 CVX-Hu-dT-R(%
- )y g* 513 5 CVX-FICVX-R2 2 CVX-F2/CVX-Hu-dT-R(# - )i& {7 PCR>
FRikiEde™ 108°C T #1445 2 (6:217 351 PCR J2kF & : 98°C ™ %
10 #5748 > 56°C T 4 & 30 #5480 72°C B & 1 ~45; B (e 11 72°CR & F J& 10
A dgo & B PER 1K) 35KD h S R R 42Kh ch 3y B o it p R DNA S
-2l Stul ¥z Smal FU4pF 8 7 0 p35S-D20 § 48 4 antarctic phosphatase Fd2 o
12 4448 22 55 T4 polynucleotide kinase e LB B P EGE T TN L 0 i
B 552 344 W EP Stul 2 Smal *7 v 3% £ HF R > 3] p35S-CVX-H-5" ; 374
g2 Xmal i€ #* 2 T4 polynucleotide kinase /&2 {8 » 22 %5 Stul 22 Xmal *24|fi
# 7 59 p35S-D20 ;‘ e m L b o F 5] p35S-CVX-H-3"» = = 11+ 4 3¢ ¥ -
FEELamE s o & - PR i sa @ > p35S-CVX-H-5"% p35S-CVX-H-3’ % 2 Sacll £

doi:10.6342/NTU201703675
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ECORV # % » % jc p35S-CVX-H-3"# # *» 14 4 7.5kb 7 DNA ¥ £ (3% ¥ NOS) i+
24 0 & w fc p35S-CVX-H-5"3# > {5 1 2.9 kb 5 DNA # £(;% ¥ 35S ke
F)o iz g AR S o BF) ¥ - 4 35S fabs 3 o2 CVX > £ B CDNA i

A SEPRR A A1 & 5 CVX-HOL5(@ - b)

(=) &4 35S feds 3 Bpde 2. CVX £ 225 % (chimeric virus)

E# RARP & CP = i # 2% 7 £ (open reading frame, ORF) ¥ 5 CVX & i &
BB P R ML EpE o {10 Phusion® High-Fidelity DNA Polymerase
#ZFMTHPCRE B > % % F 48 p35S-CVX-NO15 & p35S-CVX-HO15 & ficd »
s w3 e sl + ¥ NHO15-RdRP-F/NO15-RdRP-R ¥ NHO015-RdRP-F/H015-RdRP-
R(#-)> F lsisi4e™ 1 08°C T 41 1 A4 5 2 {53817 30 B PCR ¥4 5 Ji
98°C ™ %14+ 10 §/48-56°C T 4 & 30 §,48-72°C F & 1 & 15 )48 B 18 11 72°C
BAEF 10 A4 T30 3 0 9 4.6kb~ ¥ F & RARP 382 Hah 3~ 5
W@l F @ o i@ * B4 p35S-CVX-N015 £ p35S-CVX-HO15 Z #idr » & w45 fes!
=+ ¥t inverseN-RdRP-F/inverseN-RdRP-R £ inverseH-RdRP-F/inverseH-RdRP-R( %
- ) FEIEELeT 1 08°C T gL A4 5 2 (627 30 I PCR /IR F & 1 98°C
TR 10 4548 0 54°C T4 S 30 5480 72°C B E 1 A 30 §548 5 B8 0 T2°CHR
& F 10 A48 0 FE-F B8 0 9 5.8 kb s DNA 2 £ 5 2 ¢ & ¥ NO15 & HO15
B 5'1—*5 A w TG B i R 0 HOLS RARP 2 NO15 RARP #:%7 #:9 PCR A
AP HoR L Ty PCR A 5 1% 73 AT A 4 4718 w4 B 1%k DNA>
{4422 antarctic phosphatase 22 o & DNA # ~ = (insert) P 2 T4 polynucleotide
kinase &L » #-& RSP 536~ F 12T FFF 4 6 0 3 RARP #9%
Wi e > e LA FTH > #3388 }éit?fﬁ—”r,ﬁﬁfﬁiﬁ_,ﬁ_ﬂ_:fl%i--.u NO15 = # 28 ~
£ #% + HO15 RARP & ;¥ 2 ﬁém p35S-CVX-N015-HRdRP > 12 2 12 HO15 % # % ~
# 4%+ NO15RdRP #2F3 1 5571 p35S-CVX-HO15-NRdRP (®] = ) - #7i¥ 7R
ETRFDR | FEE -

doi:10.6342/NTU201703675
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+ 3 £ CP AFFCVX 222 o PRz * F i p35S-CVX-NO15 £ p35S-
CVX-HO015 % 45 » & w5 fie 51 3 # NO15-CP-F/N015-CP-R2 £ H015-CP-F/H015-
CP-R2(%-) - F ixizdo™ 1 98°C ™ L1 448 ; 2 g7 30 B PCR a3k &
J&:98°C T 1+ 10 #5480 56°C T 4 & 30 §5480 72°C B & 15§48 Bt 2 72°C
BAEF 10 ~ 48 FFFF M D9 07 kb A 5 = 5 CP 2 s+ -
Wt & ¢ 0 @ % R p35S-CVX-NO15 £ p35S-CVX-HO15 % Hidr » A w5 fe s
<+ ¥ inverseN-CP-F/inverseN-CP-R £ inverseH-CP-F/inverseH-CP-R(% - ) » * &
Fit4eT™ 108°C T R L o 4s; 2 9217 30 B PCRTRF & 98°C T 1+ 10
V)48
Ags o PR R D 9.8kb e DNA P B H ¢ in E NO15 & HO15 )%»ﬂﬁ v

ﬁ?

56°C T4 & 30 Fi48 0 72°C & 2 » 30 #y48 5 B8 T2°CR & F & 10

G i 5 9 44 2 HOL5CP 2 NO15CP 4 32 4 PCR A # #5 & ' 4 - #-
it PCR A 45 1%3 75 "M R A~ 4715 w Jc B % DNA > §U4 2 antarctic
phosphatase &2 » & DNA & » & 112 T4 polynucleotide kinase &JZ » #-% 48

BHBENP IR FEF TN RE FECPE R iR s 2w 2 I
@ 311 35S fads + SRt 2 € g4 -0 NO1S 5 4 % - B 4+ HO15 CP 8% 4
¢71 p35S-CVX-NO15-HCP » 122 2 HO15 % # 2% ~ % 4% + NO15 CP #:¥3%

P35S-CVX-HO15-NCP (1= ) o #7117 2. i th ' S0 % B AR i B 51 0 AL 28 o

ZCVX 2EREFERABZ BIDHEZ BB HL A

#- CVX-N015 2 CVX-H015 =z B = =2 %% » 12 Vector-NTI (Invitrogen,
Carlsbad, CA, USA)Fg iRl A& 148 ¢ 2 #iF 24 > T2 H v ¢ v CVX » dtkz 2 &
B B 712 BioEdit (Hall, 1999)2_ optimal global alignment & {7 & & 5 5]t % > 1t
B 740 I & (identity)e 4 ¥ 4% s B 74808 17 2. ORF %4k e & 7[> 41 * InterPro
(Hunter etal., 2011) 3 & & 7 domain 4 45 o @ #si% it 2 & 45> 4| * ClustalW
(Thompson et al., 1994)+g & 2. % % +&*L BLOSUM (blocks substitution matrix) » #-

CVX 4 itk RARP ~ TGB1 ~ TGB2 ~ TGB3 2 CP 1 i i %3 2 ek ik /& 7

doi:10.6342/NTU201703675
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£ GenBank LA+ # v oo potexvirus & {7 F B 7 0 £ 2 MEGAG (Tamura
et al., 2013)z Neighbor-joining (NJ);= > §1* ¥ ¥ (bootstrap method):& {7 1,000

S E AT E R & AR Bl L R -

E ~ 35S faf 3 SR 2 CVX 2 E REAKRZ B 44 445
(=) &FEF2$£3

#-F & 4 (Basvan Buuren, Maasland, Holland) 12 A pr 3 55.(49 2L % 1 4L »
oA o E ) 10 P B REBIRTS C L E OV BIREFLBAEN T M F
(Chenopodium quinoa)f& + 4 #c> 2 + & fadx A4 FRE» 45 X 15 R FER
2y HBED 3 2 2P R AR REATRHRL EZ VLR ETE R AR
AP R A FTRGE S B EE R 48 L Jack’s Fertilizer 20-20-20 (JR Peters,
Allentown, PA, USA)? = » 4 £ #pF 2 TR BF & 5 26°C> & p sk i 16 /) pF

%9 K& ¥ 5 3000 Lux °

() ¥ FREABBCYVX 2 LR ERHK

EFALF A E NP AE S P ER TR 2ER N FE S

Y

Jir

ARAECRGELMFLE L GEHA00 P £ F) o 435S pde + TR L A
BEHEAES 05 pgul » PE sk B 2 EEL - F EHRMBEL0 pg- #

B R 26 WIS R R T o BB R E A

~ & * & B4 45 (Western blot analysis)

Yy

-+ o R LA RO AR R 4 (sodium dodecyl sulfate polyacrylamide
gel electrophoresis, SDS-PAGE) 2. ¥ ##fic B = j2 4o @ #-2 35 75% P #4846 2
Y BB P BRI ET AR ® > 0 H ¢ 1 0 1250 A 3l
(separating gel) [0.375 M Tris-HCI (pH 8.8), 0.1% SDS, 12.5% acrylamide, 0.3%

bisacrylamide, 0.1% tetramethylethylenediamine (TEMED) %2 0.1% ammonium

doi:10.6342/NTU201703675
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persulfate (APS)] » 41 % 95% iFp# /BT "i4g ¢ 4% > FRAR A f—i EPE i~
5% & % %} %8 (stacking gel) [0.125 M Tris-HCI (pH 6.8), 0.1% SDS, 5% acrylamide,
0.1% bisacrylamide, 0.1% TEMED % 0.16% APS] > 4&_+ # fnis FH 5 H -
A R T AT 0 AFTE Y R EF B er A B € E M GUS
buffer (10 MM EDTA ~ 0.1% Triton X-100 ~ 10 mM B-mercaptoethanol ~ 0.1% SDS -
24 mM NaHzPO4 2 54 mM NaHPOy) » #H it 24 1 15 mLikE g @
4°C ™ 2 12,000 rpm 3t (Z 216 MK, Hermle Labortechnik GmbH, Wehingen,
Germany) 10 4 4& ; B~if & t 5% & 4x sample buffer [200 mM Tris-HCI (pH 6.8) ~
8% SDS ~40% glycerol ~ 4% B-mercaptoethanol~50 mM EDTA % 0.08% bromophenol
blue];® & » % »+ 96°C ™ 444 10 4 4&; ¥ P~ 5 uL Prestained Protein Ladder (Bioman,
Taipei, Taiwan) » — I :& {7 SDS-PAGE - i€ * Mighty Small SE250 & i/ % (Hoefer

Pharmacia Biotech, San Francisco, CA, USA) > 12 15V ~ 400 mA i {7 7 & T 1§ B

& TP S BB o % B 41 CAPS buffer [10 mM N-

cyclohexyl-3-aminopropanesulfonic acid (CAPS) ~ 0.05% dithiothreitol (DTT) 2 10%

methanol]# » 8 Tix@ 10 ~ 48 > "R EFHEF - 7 LA BEYHE T f S
/] ¢10.45 um Immobilon®-P PVDF Membrane (Millipore, Bedford, MA, USA)# 3
mm jg & > W E 5T PR AR5 Bk {6 ¢ 18 & 12 CAPS buffer 4% &2 - 3% ¥ i
B g A ~ PVDF ~ %88 ~ g A a0 B Bf %3 dp o 41* Trans-Blot® SD Semi-Dry
Transfer Cell X 32 5% % /A #& 7% 1% (Bio-Rad, Hercules, CA, USA) > 1+ 15V ~ 400 mA
% 30 » 48 o B d = HPVDF # 7| 5%skimmilk ® > 287 2F 2 1)
PR R F MRE R R 4 0 1% skimmilk 17 1,000 & ##f8 <0 CVX fs (%

%,2004) > 37°C T R g2 1| PF > 221600 PBST *t 3 T /B = & » &£ 15
AAE o FeF BRI B R E 48 1 1% skim milk i& 7 10,000 # ##F = goat anti-
rabbit IgG/HRP (ICN/Cappel, Aurora, OH, USA) » 37°C T R 7 A2 1 [ FF > F B %
= ¢ £ =t £ 4F w0 it PBST ‘)}-‘Hﬁaéﬁﬁ% o kb fs #-PVDF ¥ 5 P 9o » 4o x i

doi:10.6342/NTU201703675
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i

¥ ¢h;4 k2% Immobilon® Western Chemiluminescent HRP Substrate (Millipore,

Bedford, MA, USA) > = 12 & 5 (Super RX-N, FUJIFILM, Tokyo, Japan) £ j< 3t 5%

B RR Y EAIEE .

=~ FRA|FE £ @ B L B g4 5 (indirect enzyme-linked immunosorbent
assay, indirect ELISA)
FEB- FR e e o - v TR s 4o 15 B E £ M < coating buffer
(15 mM NaCO3 2 35 mM NaHCOs > pH 9.6):& {7#7 B » P~ 1.5 mL # 323 2.+

3 1.5mL fe g g g ¢ 0 12 10,0009 e 3 44 0 BoH 100 pl ik A » B

[

9 itHY > EBPRFEFTZ LA IL §337°C T 1] pFo ME T HUR %
HEIE* o F R A s 4e » 150 ub 9 PBST » & Hipied = » &% 4 » 100 plL
blocking solution (2% skim milk ** 1X PBST ® ) » % *t 37°C & 1 /] P14 & {7 43 FF
6% o E4F % i 12 PBST i e Z s » 4 » 100 uL 12 ECI buffer [2% PVP-40 ~
0.2% bovine serum albumin (BSA)** 1X PBST ¢ Jae & 1,000 & ## 7 CVX fi
o BT 87°C T e 1) P> €452 PBST ik ind B > 4o » 100 uL 12 ECI
buffer i& = 10,000 % #f# = AP-conjugated goat anti-rabbit antibody (QED
Bioscience, San Diego, CA, USA) » ¥ *+ 37°C ™ f&* 1 | p& o €4f 11 PBST jji%
s F S > 4~ 150 pL x4 p-nitrophenyl phosphate (pNPP) buffer (9.7%
diethanolamine 2 0.5 mM MgCly, pH 9.8):% f% pNPP (Amresco, Solon, Ohio, USA)
BB A Img/mL A Fian  WAASLEFF 5o & 15 A" it LA A
17 % (Spectra MAX 340, Molecular Devices, Sunnyvale, CA, USA) i ;& £ 405 nm

’T_L\Z;L,lof_gx;o

=~ 2 8 E8F B(in vitro transcription) | & 5 # 2 £ &Y
(-) & TT b3+ 52 CVX 2 R E epd ER 1

i@ * E 48 p355-CVX-NO15 - p35S-CVX-HO15 ~ p35S-CVX-N015-HRdRP ~

doi:10.6342/NTU201703675
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p35S-CVX-N015-HCP~p35S-CVX-H015-NRdRP % p35S-CVX-H015-NCP 3 ficis
b Wik B pe s + ¥ T7-Farm-F/INTU-dT-R ~ T7-CVX-F/CVX-Hu-dT-R ~ T7-Farm-
F/INTU-dT-R~T7-Farm-F/NTU-dT-R~T7-CVX-F/NTU-dT-R 2 T7-CVX-F/INTU-dT-
R(% - ) # * Phusion®High-Fidelity DNAPolymerase i& = PCR» & J& 1% 2 4o % »
98°C T %144, 2 {627 35 B PCR /R F & 2 98°C ™ %1+ 10 )48 » 56°C
TS 30 A4 T2°C RE LA 45 kb Bots v T2°CRE F s 10 A 4B o FpA )
B:h s T7 ek 2 imEFpm+ 2K A 719 6.8kb hDNA ¥ £ o 5 193 #3448
T % A 4715 12 QIAEX® Gel Extraction Kit w 4z p 47 > # ¢ ;& E NO15~ NO15-
HRARP £ NO15-HCP % 7| DNA % £ 2 BamHI £ *7 ;& ¥ H015-H015-NRdRP
2 HO15-NCP A 7|7 DNA & £ R 12 T4 polynucleotide Kinase &2 - %48 % &
® > pUC119 14 BamHI #+» {& » 11 antarctic phosphatase eJ® > 112 155 24 5§
NO015-N015-HRdRP # NO15-HCP % 7= DNA % &5 & m? 8 ;pUC119 2 Smal
# 7 {5 » 12 antarctic phosphatase &2 > 122 18 5 24 3 HO15 ~ HO15-NRdRP &
HO15-NCP & 7|7 DNA * B & mi\ oz = & f‘ PEHERE > FEEF B
EI T7 et + 5xd 2. CVX cDNA 2 & £ 78 $A--pT7-CVX-NO15 ~ pT7-CVX-
HO15~ pT7-CVX-N015-HRdRP ~ pT7-CVX-N015-HCP ~ pT7-CVX-H015-NRdRP %

PT7-CVX-HO15-NCP « & B 48 5 Sk TR Aol A 7 &35

(=) Fozan

F1#* BamHI #1548 pT7-CVX-N015~pT7-CVX-N015-HRARP~pT7-CVX-N015-
HCP ~pT7-CVX-HO015-NRdRP % pT7-CVX-HO015-NCP :& {7 £ *» ; F %8 pT7-CVX-
HO15 pliz Xmal £ o FRJIprr 2 F =8> I 2 5§ b Ppaiic iz
(silicon dioxide matrix protocol) (Lietal., 2010) = J< ¢ 2 & it /5 %8 DNA » & 2 4e
T 0 A DNA 3R ¥ 4 Z BAEFE 0 6 M Nal 12 2 3§ £ 49 10% SiOz (10 pl/pg
DNA) R &332 53 %™ 5 448 > 2 13,000 rpm &< (Heraeus™ Pico™ 17

Microcentrifuge) 30 #; » & "%t 5% ; 4c » 500 uL wash buffer [ 50% ethanol ~ 10

doi:10.6342/NTU201703675
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mM Tris-HCI (pH 7.5) ~ 100 mM NaCl 2 1 mM EDTA]# 2 &£353 > 12 13,000 rpm
%ﬁ'u 30?”/"4“?.}7%/&;%’&?4‘;%\:)‘ ‘f@:ﬂ‘/p?_y/}i 7‘"6 ’Q"by# ‘é‘\l‘/\__l' 'Fi/[
fo > B3R T 5-10 » 48k 5ziTHkd ;5 4r > i £ 77 DEPC-ddH.0 & 5wk 4~ »
B 65°C T 5 4 dd 0 Bofs 13,000rpm B 2 A 4E o T B iR o p GBI

23S RS PR

(2) 2H%HEEF B

FRp®? p g 40ng/ul @ E st o 48 DNA 5 1x T7 RNA polymerase
reaction buffer ; 5 mM DTT ; 0.25 mM m7G(5’)ppp(5’)G RNA cap structure analog
(New England Biolabs, Ipswich, MA, USA) ; % 1 mM 2 ATP ~ CTP £ UTP ; 0.1
mM GTP : 0.8 U/uL RNasin® ribonuclease inhibitor (Promega, Madison, W1, USA) ;
2 U/uL T7 RNA polymerase (Invitrogen, Carlsbad, CA, USA) » *+ 37°C 7 it * 15 &

4 BFHR-GTPEARES I ImM & 37°C T it* 90 ~ 48 -

(z) Fegz ez g

d AR B fs 0 d ¢ 4~ 0.2 U/uL s DNase | (Roche Diagnostics
GmbH, Mannheim, Germany) » 37°C = it % 15 & 4511 3 *2% DNA 45 - F = =
0 1% ddH20 3 & st @484 2 100 b > 4e » 100 pL 57 PCI [ 50% phenol
(pH 7.9), 48% chloroform %2 2% isoamyl alcohol] » Z #F & 3 /3% > 12 14,000 rpm
3 4°C T A (Z216MK)5 A4 0 A R 2K B A TRT g o e 0 B
2. DEPC-ddH20 % fl4k2 2 A A 2 7 kAR F X8 R R &ML 1
12,000 rpm *+ 4°C T 3o 3 A db 0 TRF F K2 RIBIR o T S S fe o 3RS
APz b Rk 0 4o~ R 2 Cl(96% chloroform 2 4% isoamyl alcohol) » & &
G A o 0 14,000rpm At R T AR 5 A ds o Al KR b r 0.1 BRI
2. 3MNaOAc (pH5.2) 2 2.5 & 84 2 & $HFp > ¥ +7-20°C T i % 12wk RNA-
f P & RNA Uiz & » 12 14,000 rpm 0 4°C T e 10 A48 %4 1 i 5 4

doi:10.6342/NTU201703675
18



» 500 pL 70% Fp#F - 12 14,000 rpm 3t 4°C T Hree 5 44 o ‘fé b 32
RNA ikt » e t8 i B ddH20 w3 2 o 0 1 18 chil eml 1) * Agic 8 4 k&
2*+(NanoDrop 1000 spectrophotometer, Thermo Scientific, Wilmington, DE, USA)p]

EER -

NHETRETWMIUR 2 R

(-) BfEF 2 £

#-F] £ 7 % (Nicotiana benthamiana) &+ 4% #c> (5 10 P & i@k R 3 + >
FENL 2 PFAFIEBRE 2RI EEROY T HED 32 K2
PR A e RIS R AR =21 ek iR FTRIE > &
% R R8Tk Jack’s Fertilizer 20-20-20 & = » # EHF 2 BB E R 5 26°C

& p kppE#16 ) FF o k£ A K 5 3000 Lux e

() AEREIFTHLUR
FrO56 T NGRS X R R PR R E Y B AL R

# j% ¢ %> 2% Clorox® Liquid Bleach (Clorox Co., Oakland, CA, USA):& {7 % & if &

2448 11 ddHO Bk = = B F L MR grE S A G Az kA o JIF 22
7 ‘;j&. 4 K’ff \'?_: ’ia”.ﬁl;ﬂt’——&.l_gf‘lﬁl;l’W??’é_ﬂ:}fi&.ﬁ'ajﬁl!

A 2MMEFFY > BEFEITELA IR E i %‘_F_F‘« tp#Hi-nEx
ZAwxEEr ¢ ¥4 r 2022 um Millex® GP Syringe Driven Filter Unit (Millipore,
Billerica, MA, USA) i& /g 2. 12.5 mL digestion solution [1.2% % & % f*
(cellulase*“Onozuka” R-10) (Yakult Pharmaceutical, Tokyo, Japan) ~ 0.06% &t 47 fi=
(macerozyme R-10) (Yakult Pharmaceutical, Tokyo, Japan)%* 0.1% BSA ** 0.55 M
mannitol-0.1% 4-Morpholineethanesulfonic acid (MES) (pH5.7) ¢ ] » & *t 25°C = >
Wk F i 16 ] o

FREF R A EA A N R 150 P RSB R TS ET e
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A2 12ecmx15cm g Eg ¢ 0 e ¢ (Model 2010, Kubota, Tokyo, Japan)
300 rpm B 7 A 4 o %-i FoFikts o & g % K4 » 2mL0.55 M mannitol-0.1%
MES - ddps# 3 i ATV enR 2 JTal > f =012 300 rpm #rw 5 A &aisipd b,

% > 4v~ 2 mL 0.55 M mannitol-0.1% MES (s Rk 2 B4 ; #=P~5 055 M
sucrose =gk 3 F ? (L Févg KMo g AEHRPITEHFAINE L 05 M
sucrose ¥ 0.55 M mannitol-0.1% MES ) % % #84% > 12 300rpm T . 5 245 0 %
Bt AR A ORI - gl g 0 5 4o~ 5 mL 0.55 M mannitol-
0.1% MES & £353 > 12 300 rpm &g 5 & 45 » %é Fpik o 4er 2mL 055 M
mannitol-0.19¢ MES /& £353 » £ 12 300rpm &g 5 4 4518 2 f I

& ¥ k2 FRERF 1 mL0.55 M mannitol-0.1% MES  f @ e — 22 E p oo

() AXR2FHERRRE 22

" fik (acetone)id f# = ¢ F& ¥ £ & fig (fluorescein diacetate, FDA) (Sigma, St.
Louis, MO, USA)#s % e Jk & % 0.5 mg/mL > P~ 20 & f-fR > % i R 2 T RER
Fik® o i LeicaDMLB ¥ -k &g jic4i (Leica, Wetzlar, Germany) ™ #f 14 A 4t 2 (F
i £ 340-380nm > i L £ 425 nm)EL % e A 4 1 % o o3t B B (Marienfeld

GmbH, Marienfeld, Germany):* & m 4 F# 4 & -

(z) #fp+ BEMTFLTRLTH

Bor G Ax10°H R A I - F 75cmxlem sagEE poo g 300 rpm
Yoo 5 A R E L FR o K B0pL SE R A 4~ HE B L A e
EdpR 3PN F P EF 4o~ 150 uL PEG solution [409% polyethylene glycol (PEG)-
1450 ~ 0.5% MES 2 3mM CaClp] > f&8 =2 =& FjiEdp 2 © i8¢ g 5 ~ X 4p % 40
T 3R LSS o FF > e » 500 ul 0.55 M mannitol-0.1% MES > % 20 #;
¢ dEdpsEp 40T 0 £ S £4F 2 40 ~ 0.55 M mannitol-0.1% MES % 2 3 & 1 1%
FA X o 2 (SRR R AR R RY 10 448 2R i 300 rpm Hre 5 44 o “f
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2} ik o 4o r 2mL 0.55 M mannitol-0.1% MES i 3 i » v & i# 300 rpm &t
& 5 Ay iR BT R 2 T 750 b culture medium (13.2mM CaCly »
0.16 uM CuSOg4 ~ 1 upM KI ~ 2mM MgSO4 ~ 0.2 MM KH2PO4 ~ 1 mM KNOgz ~ 10 ppm
gentamicin sulfate >+ 0.55 M mannitol-0.1% MES * ) (Rao, 2007)% ; 12 % i %4t

v B 25°C ik BIBE T % o

1~ eWERLIFTH 22>

(=) BREPF2Z$33

#F 9 p 247 % (Hylocereus undatus)§ 2 w it 5 #F&% AL » A+ ek 5 3
Goit s 5 f e BFRUIERT 2 RANYFR kY F RREAS
AL S M R G iE B2 4°C g o Hed R R D EHIAL R BIR 2 A
SRR A FREN AR Y o F 220 3PS o TR 4 R -
B R AEAS = 15 E o % R R8T L Jack’s Fertilizer 20-20-20 & = » 4 K #p B 2 3%

BUE R 26°C> & p kmpr#icl6 ] pF o k5 & 5 3000 Lux °

(=) WFRIFTHI A BH S
B G chime BEA fRAEE -5 4 5" Onozuka” R-10 ~ 445 fF R-10 % ¥4
fr(& v > 4R > ¢ /) --4 % 2 fe B pitaya digestion solution » % # A% & 2 =
LORIEA MRS FAER B2 A 52 o LW R R A FRSA Y N deT LERY
12+ 2 25 F 42 p T ANMBBE 10525 gﬁ%& » #-H 0B e 3 200
Clorox® Liquid Bleach i&- 17 % & i 4 2 ~ 48 > £ ™ ddH0 Bk = = » 42 % i fxs
Mgt b 2 RAa o f23]7 Bipf 2 573 E L uE 2mmE 7R 7o
#ei B NS AT A P - e ¢ 0 4 12 022 um Millex® GP
Syringe Driven Filter Unit i /g 2. 15 mL pitaya digestion solution [1% !w ¥ =4 i
f£% ~0.1% BSA~0.1 mM CaCl *+ 0.7 M mannitol-0.1% MES (pH5.7) ® (% + = )-
2 EJ2 R Y 25°C T s kR R 16 ) PBF o
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B~— i 500 mL *&475 4c » & 50 mL washing medium (0.7 M glycine 2 0.1 mM
CaCly)» a2 FH A 3F = =8 #p 54 150 P £ 39558 g T jc iR
et ¢ B RidEAE P 12 washing medium c) st ke A E T H RSP
Ao B is 45 40~ washing medium 2 g 88 f i 300 mL o -7 0% e s At
6 & 50 mL Falcon™ g ¢ (Thermo Fisher Scientific, Chicago, IL, USA)*¢ - r4 300
rpm .« (Model Z383K, Hermle Labortechnik GmbH, Wehingen, Germany) 8 4 4& >
l&%—i F iR ts o £ =t » washing medium I3 R 8 E 50 ML ¥R 3 5 dept B
Rz dpe  EXRRILFAFRFFT oSN RS FT

H3mL gt > BAINGOR L FHEHRF kxR d FHRBTFRE
- 12cmx15cm g E g p > 12 300 rpm s 5 4 4d 1 f—i %;‘{5 » BB S~
2 mL 0.7 M mannitol-0.1% MES > #gdp ¥R 2 74 0 £ R BF F =207 M
sucrose # I3 E AN SHREDIKH2mL o 12 300 rpm Fres 5 A 4E o S PFE B
AR RS FEE EF S LFERBENAR R A T - SRR
4e ~ 5mL 0.7 M mannitol-0.1% MES /& £ 53 » 12 300 rpm 3t~ 5 & 48 > # “f F
Fik s g =4 2mL 0.7 M mannitol-0.1% MES » & ¢ AR 2 TR £323
12 300 rpm Hros 5 A dBis 2 R PR Rt REF RA FHREFT 1mL0T M

mannitol-0.1% MES i f @ 3t — &4 p o

(2) gt eir % Re TRz 4
AOPENARLWE RS TUERENRREER SHBERRY D
mannitol ~ glycine % sucrose ek & > fie®l = 04M~05M~06M~0.7M % 0.8

Mo B s o i 2 SR PF MR SR A 0 e 7R R R ¢

(B) v % R4 FRERRES 22
k’aﬁ\/i{-‘ 4?%@‘77 /rh’/?pé‘ ’E',,E'U NZl/}aﬁJE (%\I £ 515

560 nm > i@ sk K 590 nm)EL R fmre A o SRR T LR F 2 Bk H P gp
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# (EOS 550D, Canon, Tokyo, Japan).k 4 o

() Rfbp+ HEA LI F R 2 T

SREAY RS TG A -

<4+ # = E =4 45 (Northern blot analysis)

(- )DNA#F4&2 9§

12 p35S-CVX-NO015 2 p35S-CVX-HO015 % #i-4x > 41* PCR @ & & — Mygs
@ f& 4 ik CP 2 digoxigenin (DIG)1& 24574+ - 50 puL & BEAMFHEY - P 7
5ng #i£3= DNA ; 1x Optimized DyNAzyme buffer ; 1x PCR DIG-11-dUTP labeling
mix (Roche Diagnostics GmbH, Mannheim, Germany) ; 0.5uM & * = 313 %t 0.02
U/uL DyNAzyme Il DNAPolymerase - 3 # % % CVX-NO15CP f£ 4+ * 2315 %
% NO15-CP-F/NO15-CP-R(#% - ) HA& 2 :}}%i A TR i+ B A b 5 5837-5856
nt 2 6277-6296 nt ; @ # CVX-HO15 CP #F4-i#¢ * 2 313 % 5 HO15-CP-F/H015-
CP-R(%#-)> 24r& 2 :}fafr A TRz 8 & W 5 5837-5860 nt &2 6279-6296 nt -
PCR 2 F A2/ & 94°C T %122 ~di; 2 {6217 30 B PCR fh%R~ 1 94°C ©
#1448 055°C T4 s 305480 72°C B & 20 480 B fs 0 T2°CE E F J& 10
448 o PCR A2 47 14 1%3 " R T A A T Fasl 16 > B £ 4 KX B 30-20°CT

W

(=) &3 EEi

B~ ¥ 7 RNA #& %2 2x RNA loading dye (95% formamide ~ 0.025% SDS -~
0.025% bromophenol blue ~ 0.025% xylene cyanol FF 2 0.5 mM EDTA);& & » >t
70°C T 4e A 10 440 HETS 2 4] B YR VEIR 0 2 F 12 1% 77 9B H/Ix TAE i (7
TAST R L e BB EFEFEY 5 3 2T (- B X

B if £ 9 20% SSC buffer (Amresco, Solon, OH, USA) » + = & % #3314 » &-iF 3
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RHMpenE kg rs 20x SSC buffer IR & P b > 3 IF g KA iRt
20x SSC buffer # ; fF ¥R Mr H T ERMH L o L RA LT ERHE G M
< -]z Hybond™-N* £ % %-(GE Healthcare, Buckinghamshire, UK)£? & 3& g (R
TR A0 ddH0 2 rp Rt > i e g i 12 20x SSC buffer 3% RiE) > FE
Wb B R R A RSO R R £ B RIS A
20x SSC buffer 2 -k~ p % B AL HFFTe ¥ R Y N FETFE 12-
16 /| ¥ o

Mg F %2 en R 3T 0 2x SSC buffer Bk » A5 H JRGE PO L 2 B E K
% (UV-Stratalinker® 1800, Stratagene, La Jolla, CA, USA):& {7 % ¢ k4a % £ i
(crosslinking) ; = = {12 ddHO JEie L 39> T B2 2R T S h j2 0 B2 H 1
#7 hybridization solution [50% formamide - 5x SSC ~ 0.1% N-lauroylsarcosine ~
0.02% SDS % 2% blocking reagent (Roche Diagnostics GmbH, Mannheim, Germany)]

e &g @ >3 50°C T i 10rpmAEfe S T 0 30 A FAESEE F R S

5 95°C rd2 10 & 48 ~ B kb 5 A & edE 4540 ~ hybridization solution # >
* 50°C F ik 10rpm fE R iTH o

P fbr B2 PO RIHREFLS L I o 7 AR ZE low
stringency buffer (2x SSC 2 0.1% SDS)*® > % T 12 50rpm 2 ¥ /Zi&m =X » & X
10 » 48 BHF #3075 ¥ = ¢ Fp41 52 65°C 47 high stringency buffer (0.1x SSC %
0.1% SDS) > 65°C = 2 80rpm 2 F ik =x » & = 15 & 45; & 4| * washing buffer
(0.1 M maleic acid ~ 0.15 M NaCl # 0.3% Tween-20 > pH 7.5)*" 2 /& 7 B R 425
2 m 48 0 R {8 #3 % B 4= 1%blocking reagent > % 8 T 2 50 rpm & 7 2 30
LAB s B F A % B = antibody solution [75 mU/mL anti-DIG-AP (Roche,
Branchburg, New Jersey, USA)>+ 1% blocking reagent ® ] > % ™ 2 50 rpm 2 ¥
Fed® 30 & 485 % {8 14 washing buffer >> 2 )8 TR R FTA L& X 15 4 48
B BR ARSI E P PR 5 4o if £ CDP-Star® Nucleic Acid

Chemiluminescence Reagent (Perkin-Elmer, Boston, MA, USA) » i 5k &2 15 4 45 >

doi:10.6342/NTU201703675
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.

'J“,fﬁf’%"‘?—'“’ SRR o I R T EATAEL PR AT AR R .

L- ~vEFIEFES&ER PR Y F R (qQuantitative real-time reverse
transcription-PCR, RT-qPCR)

(-) # & RNA 2. cDNA # %

Mot a2 R4 FHAL 15mL g g > 13,000 rpm e
(Heraeus™ Pico™ 17 Microcentrifuge) 20 # > “ﬁfi FpiRtS o WA RN
Ja 2 EAE > 1 * % = Plant Total RNA Extraction Miniprep System & 2~ 33,42 RNA -
118 2_ ¥ & RNA £ 12 DNase | E&J2 > 14 ",éft 4 242 DNAS £ 2 o if 2. phenol-
chloroform % pi& % B~ % FPE A2 1Y RNA © 3% @ * SuperScript™ 111 First-
Strand Synthesis System & = % — % cDNA » &3 F WA 13 ul ® > 0 7 1 pg
%8 RNA~ 1 pL 10 MM dNTP 2 1 uL50 pM dTVN 313 (% - ) 5 65°C T 5
s WEE M I kY 1 A4 EF A~ 4 pb 5X first-strand buffer ~ 1 uL 0.1 M
dithiothreitol ~ 1 uL 40 U/uL RNasin® ribonuclease inhibitor % 1 uL 200 U/uL
SuperScript™ Il reverse transcriptase > # * &3 84 = 20 uL > ¥ *> 50°C = * &

60 ~ 48 > B fc 11 70°C & # 154\{65—1“T L e

(=) *EIIREFRHEF &

TRETLER LA F RAE %Y StepOnePlus™ Real-Time PCR System
(Applied Biosystems, Foster City, CA, USA)i& {7 & 22~ 47 o & 20 uL ek 548
¢ o M7 luL % 2 cDNA ~ 1x Power SYBR® Green PCR Master Mix (Applied
Biosystems, Foster City, CA, USA)% 250 nM 513 %t - H @ 12513 ¥ gNb-PP2A-
F1/QNb-PP2A-R1 (% - )## # ¥ A Flae 2 @ protein phosphatase 2A 2. % £ (Liu
etal,, 2012) » 12 1% 5 F e enp 2] )3 5 2513 4 gNHO15-F2/ gNHO15-R2 (%
- ) P CVX-NO15 & CVX-H015 7 RARP 2 F]:& 17 # £ ¥ 3 5 2 51 3 4 gNO015-

F1/ gNO15-R1 2 qHO15-F4/ qHO15-R1 (% — )4 %%+ CVX-NO15 2 CVX-H015 &7
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RARP A Flie 7 5 B3 JE 2 05 i 4 47 & B AP & - hengt 2~ 3p|-PCR
F RAZA 5 95°C T 10 4 4% ;

40 B /IR F 1 95°C T 15 /450 60°C T 1 4 4
B 181217 60°C 3 95°C -7 DNA fZdtd 4o 47 » M PCR A2 H -1 - =
B2 Ry = £4F I o d kS 22 J 5k & E (threshold cycle, Ct) » 1

PAH AR L AN 2N A e pd AT L SR
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T INS !

- B AT EX CUXRAF2BE

BREpEAR L S BRLG A 222 bR R FTEHREE00 B 0 F A%
Fl& 30 @t & > F1* MNC RT-PCR 4 7e CVX 4~ 3tk & — 151 3 $enih g %
drd Z oo o AR FEHE CVXEAFVAT L b FEp A2 E2 5
A 2T ERITIHEA R S K p d i AT 96.7%:E A o vh
1 CVX-NTU 27-Hu A4 ke # 0w B b 4 8 — 48 CVX A 3tk =
SFPEEE AEASL R B F L FFE B CUXNTU B 20t & i
B 4 10%-13.3%2 10%> ¥ % CVX-Hu g 4t & & A& Bl 5 0%~10%% 3.3%;
L2 T 0 CVX-HU 82 CYX-NTUAF & R B e ik + F 303 b @2 2 1

A AR A RE G 90% ~ 86.7%F- 73.3% o

Z~CVX 2L RERBRZABIHZ LA

ﬁi

FES O FBALAES R CYX R A H2 fih 0 42 B 48 CVX A d
RenB RAF E B A5 0 24 CVX B % E 7 phoig o4t g :Ilisi A 47 o
FICVX AFIMERE Y 6TKb» 27 33037 AFTH* AFESNRREF
R E :izk:jliai A FI88E 72 » F 7 Cauliflower mosaic virus (CaMV) 35S gz #+
+ 2 nopaline synthase (NOS)# 1 + ef §#® o AP F LA s R @ F4
BRI RREY R CUX A 3RS - B3I 35 FE L B jbs CVX-
NTU & CVX-Hu 2 g % {5 > 4 B~ i 39 5% % 528 RNA> 3 3 oligo (dT)s7 NTU
B HUSIF A BT F SR o % - W CDNACE » & - FRER TSR R
FI* ZaE513 2 p N AT ATIM B2 Fam BEE At PEREY

BEAG - BHE- QIR il ¢ mgpt ) Bt PR L PR

£ 5] p35S 48+ + 7 7] p35S-CVX-N-5"  p35S-CVX-N-3 (- a)% p35S-CVX-
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H -5’ » p35S-CVX-H-3" (Bl— b) » & ¥ & » & = FFf ez A2 R > #5 — [RE 7
fﬁ,fﬂm%‘r PR G s BH - Ui ER o 2P - i i i 358
fede+ B o ¥V - 2 BRI w R FY RS AT A PEEE 2R
J%_p35S-CVX-N-5"2 p35S-CVX-H-5"j& 17 2_j& F 35S fads + e B %] B & »
j&_p35S-CVX-N-3"2 p35S-CVX-H-3"jE 172 ;% % NOS & £ » @5 2L REA
(Bl-)epa i t? HFUH IS iEFiE> 2 EFH CVX 2 £ RE
Bk 0 A B & %5 p35S-CVX-NO15 2 p35S-CVX-HO15 -

ErxE BRI EA 0 2 7 poly(A) tail & > CVX-NO15 e% e it £ 5 6627
nt» 12 Vector-NTIFgip| 2 A FIRE 247 744 84nt eh 5 UTR > 329 T B 3%
#  RARP (85-4713 nt, 1542 aa) ~ TGB1 (4713-5402 nt, 229 aa) ~ TGB2 (5365-5697
nt, 110 aa) ~ TGB3 (5627-5818 nt, 63 aa) # CP (5837-6523 nt, 228 aa) > 2 % % x4 107
nt 13’ UTR (6521-6627 nt) (Bl = ) - @ CVX-HO15 s e 4 £ 5 6619nt » 7] &
FM Rt Bk 84nt«H5 UTR > T i %% 4. RARP (85-4713 nt, 1542 aa)
TGB1 (4713-5402 nt, 229 aa) ~ TGB2 (5365-5697 nt, 110 aa) ~ TGB3 (5627-5821 nt,
64 aa)% CP (5837-6514 nt, 225 aa) » "4 % % 4 108 nt 13’ UTR (6512-6619 nt) (%
=)

gy e gLz 2L R CYX 4tk HUSNTU 4 dragonfruit & 7 5 51+ 4t
CVX-NO15 £ CVX-NTU s e s & B A2 g 2 2 £ A ¥ 2 &
PR R ARRE B S 97.78% (R 2 ) v & AFPRAME Flda ke B ¢ iE 96% 1 F (% 1
-1 ) CVX-H015 B¢ CVX-Hu = CVX-dragonfruit sy fk i3 £ &2 48 33 7% ﬁ‘;@}g
2 =% 4p 4 0 o CVX-dragonfruit »+ 3" UTR & & =444 > - B 6 fed P H R
(quanine) ; CVX-H015 ¥ CVX-Hu fr CVX-dragonfruit > & {5 s B 74p e & &
% 97.21%% 96.2% (# =) > &2 CVX-Hu & CVX-dragonfruit 2 f %]l g B
FE R D SE 93% (21 -4)° a4 CVX-NO15 £ CVX-Hu -~ -H015 % -
dragonfruit» 2 4 +* # CVX-HO15 & CVX-NTU % -NO15- % 75 fedp § chL £ {4

TEEPHEIpRE R T 78-79% (4 2); RARP ~ TGB1 ~ TGB2 ~ TGB3 2 CP 1
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MR FaAR P R R B A T 3 86%-88% ~ 91%-92% ~ 74%-78% ~ 82%-86% % 90%-
93% (% 7 -1) -

bt CVX A Btken B 74 e B £ B ek 2t & A Bl A B A v
S 2R PR 72 2 i eh potexvirus FTiE (T AR E 1Y A T 0 F BT
LA TR R 0 % AF L 5 WA E AL o CVX S OpVX ~ PIVX s SChVX e
ZYWX F 72 g Pl - & (clade) s p # AT chCVX A 3¢ s CVX-NTU 22
-NO015 2 2 CVX-Hu ~ -HO15 ¢ -dragonfruit & &+ 7 i & L (Bl = -— ) o @ vt i
CVX & ks # v B % i 4 % fL48 4 2 potexvirus ih 2 A FIve ke B 7140 I & -
¥ 2 TGB2 2 TGB3 % ek M%< & ;A 4pf OpVX> & f& CVX 4 3r & PiVXs
SchVX 2 ZyVX *t & A 515 B "z [ B 74p e & > 2 % RARP 2 CP 1t §i
CVX-NO15 + CVX-HO15 #522 ZyVX 75 b % #p b & - it 4 81-83% (£ + ~ &+

._)c

=2 ~CVX 2k REARZE FHERIF
%9 v CVX-NO15 2 -H015 st % ic 4 » 41 * 35S pade F Sgpds ch > £ B 5
FEREF EMP PR RE? BB RGN KA AHEL AR oK
e T 2 > #4E CVX-NOLS chifd £ ¢ # A fic] ihy 4 pagh s FHddais 10
o RREE S R ARE S B 2 5 B 0 TR £ R R § ff iR
GRH IRMBLEN20X CEBRBEIES L EEF 0 X0 F G R s I (F
Na)e K kft CVX-HOLS e fB B Plaafbis 93 % DA Lo it &
BAJHO SR e AP LR 5 3 P3M15920% > 2 2+% CVX-HOL5
A A RS S AR (B a) o feB R 10 R ZBEE 0 B - Ppm
CVX i -9 ¢ CVX Fus i3 76 & Bk 2 A 45 % % Bom 246 CVX-NOL5 &
CVX-HO015 sk 547 © p i %) 25 kDa #iE % (Bl ~ b) o @ Lz ks iE g i
BAB(5 9 20 % > 4248 CVX-NOI5 & = 7 508 % 4 om ffe 5 04248 CVX-

HO15 chfeth » RISE B RIS EEHR e L L R RGO AE(R A~ a) -
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- # 1% ELISA A7 Epd A€ e 75 2102 2 12
%oy FE R T L i CVX-NOLS 2 i AR AT 11 A A ik s &
ARFELT AP AR REHT Lz BRI > ¥ CYX-NOLS 3 i
pHcEAR B E o @ 3fE CVX-HOLS f RIZ g st dhiiime B (R4 a); LA
B CVX &~ ik en %k 484 - R(BI4 b); v B PP 2hendic @ > CVX-HO15 &
CVX-NOI5 chA £ A RE+ 2 LB @ bl €4 F 5% > #48 CVX-HO15 2
FIL i i $deqE CVX-NOLS 2. @ ek 4 o § — 2 5 > 30 3fiifs 28 X » faPafd
CVX-NO15 ~ & I fcsn s s » 002 FLR M A & Solbop i » 7 "E A8 e Bo i fl
CVX-HO15 ¢} st o #-2 i 7 ELISA 247 > ¢ 7 Rl @4 3 (F A4

:h

|77 )

=

A CVXERREAT REFHY 2 RNA R £ 4 2 R

At %% ¢ v CVX-NO15 £&2 CVX-HO15 & i > & R Emtkmf £ 7 B 2
o BH s B CVX » e ey & RNA A3 543 7
AP EEME A AT E D TT b+ Spbe 2 R e e RLiT
Iﬁ?*ﬁfr%ﬁ P BB AT RE T X e RNA 27 BT
Y AH e kS oA ORNA R R B R BT B RS 24 ) P ek
& RNA 4 45 » ¢ 7 i jp| T] & % 0 CVX-NOL5 RNA % ## » CVX-HO15 %.4p e gk
PR TS B o T LSt AFIR CP EF 5 Z4RE15 48 ) pF o B
218 CVX-HO15 RNA % # » iz lp B CVX-NO15 RNA % # £ i # CVX-H015
PR T 5 e M T A 2 - 248 CVX-NOL5 ¢k 5 RNA » & 5 & 4 4tk e RNA

THELE RREERL) -

I Xﬁéﬁ.ﬁ‘é‘z?}ﬁﬂ-ﬁi E%f'}.ﬁRNA?ﬁ%é_;/Plvﬁ
- AR CVYX-NO1S & CVX-HOL15 *t7# % h 4 547 RNA 2
RELARBES 2P R FF > AP g LRT R BRI L F S F* F3 (trans-acting
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element)z 2245 > £ 7 A 484 3tk ? AL dp b B % 77% ~ 76%:1 RARP & CP

AT L mgpd gz e 4]% p35S-CVX-N015 £ p35S-CVX-HO15 & 4

"2 PCR E 4453 11 RARP ~ CP crs# 38 4f » & & i @ 't eh 2 B &

% ;\ o ¥ RBREN T B ;\ i & 17 112 35S frds F Bpde cruE ﬁﬁ% DU BER

NO15 5 # 2 - % #& + 4 3tk HO15 <H RdRP & CP # :#% £ 2. CVX-N015-HRdRP

# CVX-NO15-HCP ; 12 A gtk HO15 % # % > % # + A 44k NO15 - RdRP & CP
% 4% 2 CVX-HO15-NRdRP £ CVX-HO15-NCP (- ) -

F AL FE A R SRl #- 35S fede 3 B CVX A 4tk 2 2 E
EHEFOBFMREGHF RPREREAI O FE S c RRREEF R ML 10
% 448 CVX-NO15 » CVX-N015-HCP & CVX-HO015-NRdRP i & ¢ 7 & 3|
A% s B¢ CVX-NO15 2 CVX-NO15-HCP i & chups it 5 B % ~ s or
8% o> @ CVX-HOI5-NRARP i3 & 2 pmafldic 5 #e3s 2 5 40 @ 248
CVX-N015-HRARP # CVX-HO15-NCP 72 » 7| £2 45 46 CVX-HO15 ¥ 4p i » 4%
FEL L P BHA(R L - a) o - H Bt R g ¥ 2 (7 ELISA 247 0 i
® =% €47 F S35 e one-way ANOVA szt A 47 587 » % 28 & ¥ & 95%FF » CVX-
NO15-HRARP e 4 Bk B 45 30 ¥ ¢ T o tha § HEF LB (WL - b):
AtT BomA R RIEP B LE > & CVX-HOL5 & CVX-HO15-NRdRP # f:
#._ CVX-N015 + CVX-N015-HCP % CVX-HO015-NCP % i » fe {3 . CVX-NO15-
HRARP § # % fid A & « MfeP R S B B 0 48 3 & AJL § i P R i

gifEfa i - = 0 CVX-NO015-HRdRP m}ﬁﬁ% AT RAREFES T[#:}}%% I

F

HFERANT)-

7 A B CVX A SR # oLt chRARP 2 CP 2 F115 RNA 1% 4 it
VAR RS e nd AT T 0 TT b S SR 2 I e e b g
MA 22 A BEMEBI AT RL T BEE 48 | PR RNA 2 (7
A EEA T %57 A CYX-NOL5 4% # + CVX-HO015 7 RdRP & CP # 7]

H# RNA 7 # £ # B ¥ 7 ' ; CVX-H015 & ¥ 4% + CVX-N015 1 RdRP & CP #
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FOERNAAFREY A (RS- ) SEA BT RFE " B BRS Ro CVX-
NO15 RNA %46 & M 474 ¥ # 1 ¥ % » # 5 3 CVX-NOL5-HCP - CVX-H015-
NRARP % CVX-HO15-NCP i RNA % ff £ & % 3 CVX-H015 & CVX-NO15-
HRARP (Bl =) 57 F %8 & A2 HL R > i&— % 2 RT-QPCR 4 45 &+
o % BB % CVX-NO1S & CVX-HOL5 £ 8 f & 5 & % chd wpd B
A RNA A2 ABR A A BB RFEHASKF2Z R 54

PES SNV ARFARGE I SR Z)

2 ~ CVX-NO15 22 CVX-H015 2. 2 3 {&%
$ENHEY BB AF R EE CUX-NTU 2 CVX-Hu i 6 2 2 4 5 4

LI AT o Ut R

Yoo TIPSR B A A BB RN 2 0

SR
W%

otz 4 HF AR LR o AP B F4p it CVX-NTU & CVX-NO15 % & 7|
A8 0237 CVX-Hu 57 CVX-HOL5» #- ¥ &kl 8 b &4 4F & R0 5 R 2 el
Yo B~ %48 RNA 15 » 2 oligo(dT)5! + & # 45 % — "% cDNA » $E e~ 3thd — 431

F 527 gPCR 447 » WA A Btk E B iF L R A HRNA B € £ F

FaeLB oo BERHFm o &khE CVX-NOLS & CVX-HOL5 5 %i4f & B % pF e RNA

AR TP LH B AR S 0 02 Student’s t-test i3t >t 95% 1 #F T A pEF > F
EREFALALE 2 CVX-HOLS 4f &g %M > RNA R fi £ F = chtg & 110 )

CVX-NO15 e 4f L R A5 B (L= s BlLtwe)e

S W ERITHAFZEG L FEERRERE

TR ke Re? FEAAHE DI ERALF T ARERET 2 P
e REA ARG RS TR E SR KT R 1%% 8 F v 1%48
1ipF 2 1% 2 pepr > EE R 2 THAE &3 0 £ 9.95+£0.64 % 10° cells/mL ;
ek E RAF AR 1% e F 1%L 5 A B kR 227 £0.53 x 10°
cells/mL - fe & 5 £ f ¢ * 1%k % % (% ~ 1%3175 2 1% 2 f5 45 & chi £
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e 1%R A EFFE 1% A § @0 1.58+0.37 x 10°cells/mL (% =) - ¥
F17 FDA $H7 & F e 7900 B e (iRl > 3§ R BMCR TV LRSS ¥
kerpmre (BT ) m M ed2 kB2 A TR GRS Y E 0% (L)
Ao HIpR T L6HRE IR o R ST R AP L S
P_f‘« .37% > 3 02 0.7 M mannitol-0.1%MES £ 0.7 M sucrose & £ & P pF > © &
RAFHRE Rk T RZET SR FHE L) 00 BRE
A REIFHEA GO SR SRR ZAREFF T AL G E 2 EPY
FF T od b RS Rk TS R AR A E DR T R
B e $A R T EHFHES (M2 2) e ) 7ok Ry 1585 - 14
Yips s 1% A fr oGP d R R Tk EpEE EE o

POR-HB IR THARELY R SR RER TR ERS FHE
E R AP R TR 1%% 0 AT 1%RITHFE L%ER L FF TS AR
& > I &4 mannitol-0.1%MES ~ sucrose 2 washing medium = &3 /% > fe & = 0.4
M,05M,0.6M,0.7M %2 0.8M £ T BiRREFRF %M 0TM 3 RER

E@mhd THAR B E 259 1x10¢cells/mL; »ck=xid% 5@ % 0.6M &

mé‘ T;k-

08MzaiRER » AF /135 6-8x10°cells/mL; & * 0.4 M 0.5M ;3% 8
7 4 3x10°cells/mL A (B L =)o d 7 L RREREHEE RS TH2

V-3

1“‘\‘-'3

FREFZLBE

ANEWRERITHIR AL RS EEMER
PORRGES NGRS THAT TR AR NP i R ps oS
o-F 2 FT A B 400 culture medium ¢ > BT 25°C R BIER T A 0 B X 2
BREERTwE RS A Ao L HBHERNAZ U T AN T
2 RNA s2 4 3 45 & (smearing) » e iv 5957 % ribosomal RNA i 3 (Bl -+ ~) -
- % #44E CVX-NO15 2 CVX-HO15 @&t T it % R 2 Fale - &
48 | PFES X P-ALAE RNA 2172 2 R 8047 0 7 op 4 F FIH 2 = 4 714 RNA
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2. BB CVX A 3tk @ w3t 4 Fa ks 4l A > m &2 CVX-NO15

RNA % 4% ¥ 8 ¥ & CVX-HO15 % (B4 ) -
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B~ it

— ~ CVX-N015 &r CVX-H015 thgF i 4 47

CVX % % - BHFFHcitps WL BT R F LAt RH 2 ° 7
Ptk adrz 2 CVX ABR2ZFT Y o ARig g A o % A EVERE KA
Fas 3k NTU 2 Hu > & R p& B 7|(F, 2007; Liou et al., 2004) » #rix 72 g 4
MEm e HIEE ;ﬁq*#yw o A 7 4% CVX-NTU 2 CVX-Hu % - 4
Sl 4 p de R iR E4pd 2 & & cDNA £ 78tk CVX-N015 & CVX-
HO1S5 - 2 A % & e o2 & R A7 CVX A3 > E AP E 740 e
Bov A BdodaE - FHL MR AES 97.21%5 CYVX-NTU 2 CVX-
NO15 - ¥ - #§1] e ke B 5 96-97%: CVX-Hu ~ CVX-HO15 & 2 i % % 2.
CVX-dragonfruit (% =)o p* 3 ¥ RFeh2 L R P AE S|P R 54 78-79% (£ 2 ) >
@ {7 5 Potexvirus HAER 4 5 £ & kd5 RARP 2 CP » % v a0 H & i
Rk A FAR R )5 T7-78%% 86-88% (& I ) f5 K Pipk ~ MRAM A FlA0
Bx WX 77-78%% 90-93% (% 4 ) o # ke AL BER 44~ Rtk R
RNA AT Rload 2 BB -2V i * b Fieth2 X R 2 TR 5 7 5% 6 SR 5483t

FI* 35S frds F ZpEchCVX 2 & R M REA ALY ¥R %Y » BLRE
BERAT LPALE > CYX-HOLS - A A P Bpskc & FI4481 20 < 4
FOLE SR o 2 PR CVYX-NOLS enfE 8o G i s my £
SHfEE oA 2ERITY L F G Fopm (BN a)s ¥ b g CVX-HO15
224 3dk Hu ~ dragonfruit 5 & & & 74p e & > @3 A B 7 4 FAp diA B Hu 2 &
#tk dragonfruit ¢ »+ o F A E )+ F sop (¥l £, 2004; Kim et al., 2016) - ¥
B % (2000)F7 3 BaMV 4 gt e H A58 hfpmmre v 4 0 & poly(A)shi &

; Fﬁfﬁxri Prta B R F 4P R i 98.46% 0 BaMV 4 3tk 0§ poly(A)

ERARR P N RITA TN 3T R AL R 5 by A RS AR L
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7R BaMV 2 CP > # N = 35 @ § 7 4 "epi(glycine)sh® 2 ¥ Fp 4 300 &

i 2 e 2§ s 4 (Lanetal., 2010)o = A # F ¢ > & 3tk Hu % dragonfruit
L R SR R R A B A Y AR S R bk - AR
2Lt g poly(A) & B $Hpaceh B 5 o e A FRAp A7 FH @z > VA
. CVX-Hu ~ CVX-dragonfruit 4p ¢ » i ¥2 CVX-HO15 % 4p e el ik (= 8L 5 1Y
T = i s & 5 CVX-HO15 2. RARP #1544 « N°02 « F527 . 530 2z G560, TGB1 + ¢
1> TGB3 F e T2 12 b = fp v fh e (= BhS 7L F P P15 o

¥ - 35 0t ik CVX-HO15 ~ CVX-NO15 e 5 22 :]}%jifxév’ﬂf‘aé o AR P aE
H2 e s Eupd ap CVX 2ERERKRY S FUTREFF 925 B Ak
& >t poly(A)E B Ap I e 3% T > F Atk NO15 2 HOL5 17 3% tofl B e B

b CVX-HOL5 chifE E 303548 10 2 18 v @i e P Bl MM e
TRA AP AT RS 2 R m AW R IR 35S fads A T2 A A TR BT
A AT PE 6 R L FREEAR A L E DA% o AP CVX-
NO15-CVX-H015 % # + @t 7 RARP 2 CP # %7 f#ﬂj = E’_}?i—g- ' e 11 35S
fetsF BRpbchE womd 2L R THBREEL Y FER #REY 5 EAK
NO15 7 RdRP i%_‘ﬂ"ﬁ ' & T CVX-N015~CVX-N015-HCP 2 CVX-H015-NRdRP>
1§ BRBESF mp (B - a) o Flot A PRl RIRP 7 it & Jﬁaﬁ&i#i
]+ (symptom determinant) 2. ¥ . - e & {71 & 74_> CVX-H015-NRdRP i2

¥ i B4 7 40 CVX-NO15 & CVX-NO15-HCP 2 #h iz & » & (7 5
Hv P+ Fipach R -

*‘,% 7 :}%ﬁ“{ﬁﬂﬁ{?& v iE- HePe FREMBEEF ELISA Bl 57 LZ
CVX-NO15 g # eniE & » H ehjd KNP B ac(defis 72 )5 22 <~ €5
sa(fiis 10 X ) £ @5 5w~ T Bl £ (G 12 1) (B4 @) a X CVX-
HO15 R 4 e ¥ A1/ F 4p e orps B BLEE 2R %%ﬁiﬁ.:}}%ﬁﬁz v e d ?{}}%% 9 CP R

Bz BRERFRRITE LR ARt 2 AEF(RI4L D) Fat 2t

ELISA » 73441 10 = g % 7 CVX-NO15 » CVX-H015 & £ &= }}%4 SR E o
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HIRMMA 3 0 i3 s CVX-NOL5~ CVX-NO15-HCP 2 CVX-H015-NRARP -
21025 s M R CVX-HO15 ~ CVX-HO15-NCP » 2 1 7 B 54 the CP R 4 £
TRPBAR T AORMOL RS L IR HDM - 280 45 CVX-
NOL5-HRARP A#ffs 7 2 (FAt4 #17)% 10 % i a M AT# B v I B
FRIPSR R (B - b) 5 FIARRA G WG F R $T D
EMEIJ}%@%%W‘E?Nx:‘-‘@fa&{ﬁﬁeﬁ 4R 0 B Fie- o
dORRE L P Ek i SLeplEE e o A PR e R s A 2 D
Fid e L Bk B H e g St i 4 RNA SR f a4 &%7}%
4 B2 R oGS BRSSPSR T o0 CVX-NOLS ¢ RNA J 4t 8
CVX-HO15 B % () > 5 7 3473 ¥ RNA 47 e £ B4g+ 7 it R 7] > &

12 RARP & CP A %15 P 2 h CVX £ e & 2 FRl5# > ¥ 9p 8 5 RdRP

E‘n

AREHpI RTBRRZELT L A3 KT ORNA R LR o L F by 0

it

* & RARP f= CP = i E&?]TSVS%J}%-% RNA % # 7 40 4 428 e %2 0 CVX-N015
S ¥ # 1 CVX-HO15 (7 RARP ¢ CP A ] RNA % # & & % ™ *# . CVX-H015 5
% # F CVX-NO15 7 RdRP 2 CP # 7] » II%* RNA A& %5 #7 2 > 2@ 1y
CVX-HO15-NCP 2. + A tg R i 5 B ¥ (B =) -
A 45 RARP A F]¢ 7 50 e B F]+ > 24k CVX-NO1S & CVX-HO015 «
RARP »=Afi A 73 (710 44 > 7 L AR I & W088%¢5 & » % A 2 £ B L 4
% methyltransferase (MT) domain ¥ RNA helicase domain = 1 %= % #.2_ & (B =
L) £F R AR L R ¥+ CVX-NO15~ CVX-HO015 <7 RdRP £  # i
tend BEEE- HEET P itk 2 CVX-HOL5 £2 CVX-Hu ~ CVX-dragonfruit
2 RARP } 7 frinT BIcfip g ¥ AF AN REPBRA DA FLEL - BT
AR hE > CVX-HO15 % # + CVX-NO15 7 RdRP £ %] » # RNA % f £ 825 #7
A Ermik 3 2 CVX-NOLS » &3 2 v 5]+ B o B CVX iE AR g
Wi 4 o ¥ by ABE > #-pt MT domain 22 RNA helicase domain & cviefL ik B

72 InterPro FHLE & 45 - ¥ 3E iR ¥ Alpha-ketoglutarate-dependent dioxygenase
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(AlkB-like) domain (B = + - ) : AIkB 4 £ »* % 55 {& A (Escherichia coli) * 4432 3
£ AR Flmit v * a2 452 DNA 7 i (Falnesetal., 2002) - ® &4+ H © gt 4
i A F e potexvirus 22 RARP & 7 # i % 4 17> 77 38 F & MT domain £2 RNA
helicase domain & 3¢ ;7] & AlkB-like domain » & #* i* 45 4 AlkB-like domain %_% %
potexvirus g % ih A E e i@ R 4 o

@ A 47 CP 2 Fldeiv 2 88 CVX-N015 &7 CVX-HO015 At ¥ 4 48 5 RNA
Ak 135 LA o potexvirus 1 CP i A B 4% 527 tym 4 A FIHAF Wik e

RE G

i *q% Lee & 4 (2011)1{' BaMV m}—:j YO8 CPiEFHL R

¥

AFME X ATIMARAT B2 FHY DR ff eFmigl s 2 5§ Fap?kf’f—*ﬁ
# I CP ¢ 22 RARP ¢ < helicase-like domain 2 # % 3 i£* > g2 A% CP B R %
W33 3 e WgFRpF e BHEIIL > L AP FmEE RNAJRH - Lie
R F IR EAPEHETE CYX 7 CP 5 & ,];«14 end 3 Fow NN (TR TS
(cis-actingelement)$ 2 3 7% » 3 &N B4R E:K;I;;},, A W enw i o @ AR ¥
HCP AFIEL B d 7w se 0 RN T 8% S FNEROEN 0 B A KT
£-4t CVX-NO15 2 CVX-HO15 i& 7 { + chfk Tl 2 ALt 5 Byl 45 chy 3
R EE FESe £k si(yeast two-hybrid system)#F 5 & CP § 2 3 (E ¥ s
40 0 T TR P

=&t i CVX-N015 ~ CVX-H015 & # :E‘_.féﬁ‘_f]}%«zr AL E A B F B kAL
high T @z fRf - ko AT REATHY B3 RNALRFEZP 50
fs Jl%»m%mCVX NO15 - # v % C
B2 FagY p# RNA R4 £ 4 2 %38 CVX-HOL5 7 CVX-NOL5-HR » H &6
CP R EArfR TNy A o WA Y HRI LR DR TV G F
ARMROA I UERIFR ARGV FIERS B I 2B g2 B Ry

R RS 2 IS PRI R TRy 1 i
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= ~ CVX-N015 &2 CVX-H015 ¢ 5 it %

FHAES RS ERS Er 227 558 B3R Bdupd o 45 potyvirus
@ v s hig e \5 4L chi]+ 4o Potatovirus Y (PVY) £ Potexvirus 4 0 PVX 48
ERAATP > @ E ah ks o £ ¥ RF PVX = £ % (Bance, 1991;
Damirdagh & Ross, 1967) ; Zucchini yellow mosaic virus (ZYMV)#2 Cucumovirus /&
¢ Cucumber mosaic virus (CMV) 4 & & % A3 ied e > @ = P AR eha s ~ g
A s BB HRE S 2 > il TRECMV iR P BR AL 3
a4 %A (Wangetal., 2002) e Apfie 2. © » 3t e s 4 B enth 4 (E T AR RS
%+ f Begomovirus / i African cassava mosaic virus (ACMV)4r East African cassava
mosaic virus (EACMV) - Jﬁw‘,’? ER A AEPFE S RBE mq}*;ir g T
ARREE DA BpA R HE Y R HE PR 4% (Fondongetal., 2000) 2 # -
AL MRS LR RS SRR S R s 4 (T SR e AT ¢
CVX-N015 & CVX-HO15 ¥ jpst & P& e ¥ R 2 Fie > 1* RT-gPCR &
ZEETHER AR B iL%:lj;;i%%év’vRNA AT T RIBE L rRA(R L=
Bl w ) pIh i€ A4 FRs FCVXAF LR L - ‘% §.5 8 Lot chm Y
2R e AR AR O RS H AR T2 p A SiEdr BN e F L b
@ & B hof 4 Dietrichl £ Maiss (2003)1]* # 5 GFP 2 DsRed 3§ % 3¢
-4t eh= 48 potyvirus » Plum pox virus (PPV) ~  Tobacco vein mottling virus (TVMV)
% Clover yellow veinvirus (CIYVV) » #-5 & g5 4 45 & BB # T - ¥ BRET] 2
Wk ot o WA R AT LAY EREEL; F 2 E ¢ T 48 potyvirus &2
Fid ¥ LK DPYX BABHET > VAP CSEY LAl F AT
v o 3 AT CVX-N015 &2 CVX-HO15 A& 2 fgthenz B &4 # ki o

F- 25 FHERRBS 2 AR ARRTHII F o F A § AN
% 3 i (cross protection) 2. £ 3 > srw;g:} il r;“]:}}%% AT RE Z oo A R
ESE R RS R B3 heF H McKinney 27 % 3548 ¢ i ~ XSG X Rk
52 Tobacco mosaic virus (TMV) 1 > L %2 & ¢ & = g o ¢ ﬁ';{,f‘f\fév’ﬂTMV :}%%
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TR S AR LR R R 2 P 2 4yl (Bennett, 1953) - i.}w CVX-N015 ¢
CVX-H015 #v H a4k} FpHh T 0 Jz AHELREF AT ET L CVX-
HO15 #r & & B e > 4450 873 7 B CVX-HOLS AR 5 B fr3lp 4 50 T *

%3 @ s CVX-NOLS » & £ & % i 945 34 chl® 48 o

ln

WERZIZFTH 222
AR FL CVXam B RFL > Fafl* v s ®Wa 2 FHiTIF
THpA e mre ek ks B A PHCVX A R L ik
Pl f3e e rarpg B i A EPEHafFd dmie BRe - 53 2
Bl BRSSP AT R P REAE BT Y RP T S
Her 5 i A E P R A PR AR B R R 7 e B
&0 Lz A fEee BEEW R 4 F A (Liamoca Zarate et al., 2004; Seeni & Gnanam,
1980)c k@ > Y PR L wme e - KB Efpvig 2k~ § 7 AR
A 4 F B2 %% = 2 (Cheng et al., 2012; Chen et al., 2017; Demuez et al., 2015;
Guptaetal., 2011; Lu et al., 2012; Lou et al., 2016; Ma & Lin, 2014) » # ",f LE
SR RETHYLOE AR RPN RATEF > e 2 3 R EEF 0 ¢ AR

®FcTeRAPs o AT Y FIR - FAHERY 1% R EZEE - 1% 2 1%
AR R THAR T EY SR 1%REFPFHET 1%E2 o 5 R

*O1%S R E R Y 1%t pF gk R} R 1% e F fe g e 1%8R 2 feeg £ (R

) R LI R G B fEREA T B B T AR EA S
AR B B BEA R U H R JR i e ‘;_:,»;_g_ D S 1 _Ef]ak EroR

(BlL =) 2w REA A F o & 1 chip AR ™ B i o g ulehd > 2R *
195k ‘8% fv 45 fie 1%4R 2 s AL 7 4k e G mgA TR 1%
F e 1%4T s L e BRI )0 R R A FRA R B AR

LGB (R L) MR g A 1% R E AT 1% iR B AAFET 8 RS

e WL TE 0 T {5 R R AR AR R AR 7 1% S d iR e 198 L B A B 0 T
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B EEATAR AR A AR gAY o Y 2R A RS e o a i
”y\ifg ﬁ%#;a ,’ﬁmé_ g > lﬁ%f‘ir‘g F;,_,Flg ) ﬁ E]i,lg—— mVT%’fE’/ﬂ i3 Iq\é}ﬁ_m ]«t ] g’}s
SR RRP R B R 5 20 S B RIS R A

Flel 2 AR R Ll SR FRANEY T 7 ARk e

N

o Ra o GERAIFT AL G RR RS SR L H bRy
1%+ frie (7 imoe BEA 3 > Frit A% B ARTT > ¥ T R A FRIEEA K
S IEPE 0 S IR F e R o Ft o FRRIALR P 1% R pEpE 0 B0
Mo B A AT S dm e BEAN L TSR R B R AT o

Rt hE kol £ et BEA JRRE A B L SRR T A PSR Y T
SR REFRERBRE O MERBFEEFRE THIER SR 3RER S
0.7MPEG BB hh2 FHAZ (B - ) LIEAREARRAS Y- S dofb I

Fef o k4 TR PFE Y Gk R (0.5-0.6 M) F o pt ¥ a2 i A E pliE 4 e

o

PZ R Ty k2 3 5 B (Cheffings et al., 1997; Liamoca Zarate et al., 2004)

0 AT R RS TR WE s KA kg sk o e e BEA RS R

Mo B NP IRATE R R AT IE R BRA PR T Bop ot KR S AR
B iR EATG A - WAARE T LA ARARL SRR 1T E ke

WERBFYRL HArdFHhl1 BRI LFE g2 A4 EDEAL SR Rl
TR - R ERAR Tt G A DR g AR b BRI AR {7 4 47 (Ramirez-Truque etal.,
2011; Montoya-Arroyo et al., 2014) » g2zt 40 R i 5 A 474§ 0 o FF 0T
P ARERI R DS Egy o 20t o B30k pHE i B4 fREEF iER B

B2 ier R R ASLE 48T 0 R AR g

AR i

FRAF 0 A4 CVX-NOLS &2 CVX-HO15 & B 5 7] & 4p § 428 £
PenEAtk A XAy i A4 S i LI R A Y RNA R
B4 FPELE P BPFRPL LB ES BRI O RIRP A F 7 i § §27 o
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M2 CP AT N2 a4 RNA BB AR MEES o V- 35 > it

P BEL AR 2 BRBEREFARE S22 0T 5T 20 R FTHROUE

2

e EN PR K RAFTT B RE- HHFEFCYX A FHFHHEHET - a2

o\

irg = Y g
FEE G

)
FRERBAMBT AR VR AU E R R AREL S FAEEE
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AR B REENL FEFT L%
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2R R b RIS € 13: 27-34.
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Table 1. List of primers used in this study

Primer name Sequence (5'-3") Reference
CVX-F GAA AAC CAA CCC AAC ACCAAACC (Liou, 2004)
CVX-F2 ACA CCA GTC CAA AGA ATG GCT TGA GAG (Liou, 2004)
CVX-R2 CTG AAACCA TCG CTAGTG TGA AAG AGT (Liou, 2004)
CVX-Hu-dT-R CGTACCCGGGTTTTTTTTTTITTTITTTITTTITTTT TTC TGA AAC TTG CAT TAA AAC  This study
CVX-Hu-F2 CCT CAC ATACAAAGT CCAATCC This study
CVX-Hu-R3 CTCAGTGAAGTTCCTTTGTTC CGC A This study
CVX-NTU-F2 ACC TGA TCC AAC AAA GGT AG This study
CVX-NTU-R2 GGG GACCCG GGCACTGGAT This study
dTVN [TTTTTTTTTTITTTITTTITTITTITTVN This study
Farm-F GGA AAA CCA ACCCCAACCCAAACCAACTCAC (&, 2007)
Farm-F5 ATC CAACCA GGC TCC ATC ATT ACC (&, 2007)
Farm-R4 CAG TGCATCCTTGTGTTG GTAA (&, 2007)
H015-CP-F ATG TCT ACT ACT GGA GTC CAG TCT This study
H015-CP-R AGA AGT CGA AGG CAG CAA This study
H015-CP-R2 CTACTC AGG GCC TGG GAG AAAT This study
H015-RdRP-R TCA GTC AAA AGT TGA GAAAAC ACGGCCTCCA This study
inverseH-CP-F TTT AGA GAT GAA CAAGGC TCCCGC AGT A This study
inverseH-CP-R GATTAGTTTTGATTT TCACAATTTGTT GAAACTT This study
inverseH-RdRP-F  TGG AGACGC TAATTGCCCTACT This study

inverseH-RdRP-R  CCC ACA GAA TAT ATA CCG GTAAC This study

d0i:10.6342/NTU201703675
53



inverseN-CP-F ACT AAC ATT TCA AAG GCT CTAGCAGTAGC This study

inverseN-CP-R GGT GTAGGT TAGTTT TCACTATGG This study
inverseN-RdRP-F  TGG AAA CTC TTA CAG CAC TAC This study
inverseN-RdRP-R CCC TCA GAA AAT ATA CCA GTA ACG This study
NTU-dT-R CGTAGGATCCTTTTTTTTTTITTTITTTITTITTTITTTC TGA AAC TTG CAT TAA AAC E, 2007)
NO015-CP-F ATG TCT ACC ACAGGAGTTCA This study
N015-CP-R AGG CAG CGA ACT TCT GCT CA This study
NO015-CP-R2 TTATTC AGG ACC TGG CAG GA This study
NHO015-RdRP-F ATG GCT CGT GTG CGT GAAGT This study
NO015-RdRP-R TCA GTC AAA GGT TGC GAA AAC AC This study
T7-CVX-F TAATAC GACTCA CTATAG GAA AAC CAACCCAACACCAAACC £, 2007)
T7-Farm-F CGATGG ATC CTA ATA CGA CTC ACT ATA GGA AAA CCA ACCCCAACCCAAACC (&, 2007)
gNb-PP2A-F1 GACCCTGATGTTGATGTTCGCT (Liu et al., 2012)
gNb-PP2A-R1 GAG GGATTT GAAGAGAGATTTC (Liu et al., 2012)
gHO15-F4 TCC CCT TGA GAACAAGTCTA This study
gHO015-R1 AAACTT TGT GTG GGG TGA A This study
gqN015-F1 GCG CCC AACCAG ACTGAGACAA This study
gNO015-R1 CCGGGACTTTTAATG TGT GGT GA This study
gNHO015-F2 CAC TGC AGA TAC TAC CTC AAT This study
gNH015-R2 GTT TCT TGA ACATGG ATG GGA This study

a. Sequences of restriction site are designated in boldface.
b. T7 promoter sequence is designated in underline.

c. Vindicates A, C, or G; N indicates any base.
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Table 2. GenBank accession numbers for the sequences of potexviruses used in this study

Virus species Abbreviation  GenBank accession number Remark

Alstroemeria virus X AlsVX AB206396.1

Alternanthera mosaic virus AltMV FJ822136.1

Allium virus X AlVX NC 012211.2

Asparagus virus 3 AV-3 AB304848.1

Bamboo mosaic virus BaMV D26017.1

Clover yellow mosaic virus Clymv NC_001753.1

Cassava common mosaic virus CsCMV U23414.1

Cactus virus X CvX NC_002815.2 Isolate Hu
JF937699.1 Isolate NTU
LC128411.1 Isolate dragonfruit

Cymbidium mosaic virus CymMV U62963.1

Foxtail mosaic virus FoMV M62730.1

Hydrangea ringspot virus HARSV AY707100.1

Hosta virus X HVX AJ620114.1

Lettuce virus X LeVX AM745758.1

Lily virus X LVX AJ633822.2

Malva mosaic virus MaMV DQ660333.1

Mint virus X MV X AY789138.1

Nandina mosaic virus NaMV AY800279.1

Narcissus mosaic virus NMV D13747.1

Nerine virus X NVX AB219105.1

Opuntia virus X OpVvX AY366209.1

Potato aucuba mosaic virus PAMV S73580.1

Papaya mosaic virus PapMV D13957.1

Pepino mosaic virus PepMV AF484251.1

Phaius virus X PhaVX AB353071.1

Pitaya virus X PiVX JF930327.1

Plantago asiatica mosaic virus PIAMV 721647.1

Potato virus X PVX M63141.1

Scallion virus X ScaVX AJ316085.1

Schlumbergera virus X SchvX AY366207.2

Strawberry mild yellow edge virus SMYEV KR350470.1

Tamus red mosaic virus TRMV JN389521.1

Tulip virus X TVX AB066288.1

White clover mosaic virus WCIMV X06728.1

Zygocactus virus X ZyVX AY366208.1 Isolate B1
JF930326.1 Isolate P39
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Table 3. Survey of CVX infection by NTU and Hu isolates in three pitaya orchards by magnetic

nanoparticle capture RT-PCR (MNC RT-PCR)

Single infection

Locality CVX infection NTU Hu Mixed infection
Chishang, Taitung (£ L ) 30/30 (100%) 3/30 (10%) 0/30 (0%) 27130 (90%)
Jiadong, Pintung (& 4 i % ) 29/30 (96.7%) 4/30 (13.3%) 3/30 (10%) 22/30 (73.3%)
Wandang, Pintung (& L § ) 30/30 (100%) 3/30 (10%) 1/30 (3.3%) 26/30 (86.7%)
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Table 4. Comparison of the full-length nucleotide sequence identity (%) of

CVX isolates
dragonfruit Hu HO15 NTU NO15
dragonfruit - - - - -
Hu 96.51 - - - -
HO015 96.92 97.21 - - -
NTU 78.39 78.05 78.32 - -
NO015 78.37 78.13 78.40 97.78 -

37 ~ W CVX A 8tz RARP B g1 it B 5140 b B (%0)

Table 5. Comparison of the nucleotide and amino acid sequence identity (%)

of the RARP gene of CVX isolates

dragonfruit Hu HO15 NTU NO15
dragonfruit - 97.15 98.51 87.56 87.95
Hu 96.39 - 97.60 86.59 86.98
HO015 96.69 97.02 - 87.89 88.28
NTU 78.15 77.76 78.10 - 98.83
NO015 78.19 77.91 78.24 97.75 -

a. The top half (above the diagonal) of the table shows amino acid identity; the

bottom half shows the nucleotide sequence identity.
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Table 6. Comparison of the nucleotide and amino acid sequence identity (%)

of the TGBL1 gene of CVX isolates

dragonfruit Hu HO15 NTU NO15
dragonfruit - 99.13 98.25 91.27 91.27
Hu 96.81 - 99.13 92.14 92.14
HO015 97.39 97.68 - 91.27 91.27
NTU 78.29 78.29 78.44 - 100
NO015 77.60 78.47 78.03 97.54 -

a. The top half (above the diagonal) of the table shows amino acid identity; the

bottom half shows the nucleotide sequence identity.

= R CVX A 8tz TGB2 BEt gt s fe A 5140 b & (%)

Table 7. Comparison of the nucleotide and amino acid sequence identity (%)

of the TGB2 gene of CVX isolates

dragonfruit Hu HO15 NTU NO15
dragonfruit - 94.59 97.27 78.18 78.18
Hu 97.00 - 95.50 73.87 74.11
HO015 97.90 97.90 - 78.18 77.27
NTU 81.25 79.12 80.30 - 99.09
NO015 80.90 79.12 80.00 99.70 -

a. The top half (above the diagonal) of the table shows amino acid identity; the

bottom half shows the nucleotide sequence identity.
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Table 8. Comparison of the nucleotide and amino acid sequence identity (%)

of the TGB3 gene of CVVX isolates

dragonfruit Hu HO15 NTU NO15
dragonfruit - 95.38 95.31 82.81 82.81
Hu 95.90 - 93.85 83.08 83.08
HO015 95.90 95.90 - 85.94 85.94
NTU 80.00 80.51 80.51 - 100
NO015 80.51 80.00 81.03 98.44 -

a. The top half (above the diagonal) of the table shows amino acid identity; the

bottom half shows the nucleotide sequence identity.

24 S R CVX A 8tz CP g =i f A 7l k A (%)

Table 9. Comparison of the nucleotide and amino acid sequence identity (%)

of the CP gene of CVX isolates

dragonfruit Hu HO15 NTU NO15
dragonfruit - 98.67 99.11 90.35 91.67
Hu 97.05 - 99.56 90.79 92.11
HO15 97.94 97.94 - 91.23 92.54
NTU 76.96 77.50 76.92 - 96.93
NO15 77.13 77.10 77.10 96.94 -

a. The top half (above the diagonal) of the table shows amino acid identity; the

bottom half shows the nucleotide sequence identity.
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Table 10. Comparison of amino acid sequence identity (%) among the RdRP,

TGB1, TGB2, TGB3, and CP genes of CVX-N015 and other cactus-infecting

potexviruses

RdARP TGB1 TGB2 TGB3 CP
OpVX 67.44 65.22 57.27 41.27 60.17
PiVX 76.28 79.91 63.64 44.78 77.19
SchvX 74.39 79.48 63.64 52.38 77.63
ZyVX-B1 82.64 79.04 65.49 65.08 81.22
ZyVX-P39 82.84 78.60 66.37 65.63 82.53

%L - SR CVX-HO15 2 # ¥ g % th A ¥ 48 4 2_ potexviruses £

RARP ~ TGB1 ~ TGB2 ~ TGB3 £r CP »= A & (40 F & (%)

Table 11. Comparison of amino acid sequence identity (%) among the RdRP,

TGB1, TGB2, TGB3, and CP genes of CVX-H015 and other cactus-infecting

potexviruses

RdARP TGB1 TGB2 TGB3 CP
OpVX 67.46 66.96 57.27 42.19 59.57
PiVX 76.07 79.04 60.00 47.76 78.22
SchvX 74.36 79.48 63.64 50.00 79.11
ZyVX-B1 82.60 80.79 68.14 59.38 82.30
ZyVX-P39 82.66 80.35 69.03 62.50 81.86
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Table 12. Ct values for the quantification of viral RNA accumulation in N. benthamiana protoplasts

transfected with transcripts of CVX-N015, CVX-H015, or their chimeric viruses by quantitative real-

time reverse transcription-PCR

Hours post-  Replicate Sample RdRP (Ct) PP2A (Ct) ACt

inoculation (RARP/PP2A) 2
24 1 NO15 22.569 + 0.005 22.153 + 0.067 -0.416
HO15 22.875 + 0.086 25.156 + 0.125 2.281

NO015-HRdRP 21.947 + 0.015 25.289 + 0.099 3.342

NO15-HCP 22.335+0.103 22.822 +0.036 0.487

HO015-NRdRP 22.205 £ 0.088 22.006 £ 0.019 -0.199

HO015-NCP 21.922 £ 0.060 22.286 £ 0.048 0.364

2 NO15 21.784 £ 0.010 16.672 + 0.022 -5.112

HO015 21.565 £ 0.074 20.931 £ 0.070 -0.634

NO015-HRdRP 21.576 + 0.059 19.863 £ 0.073 -1.712

NO15-HCP 21.443 + 0.055 19.702 £ 0.086 -1.741

HO015-NRdRP 21.454 + 0.029 19.656 £ 0.072 -1.798

HO015-NCP 21.515+0.017 18.522 £ 0.024 -2.993

3 NO15 20.939 + 0.037 17.777 £0.037 -3.162

HO15 21.049 + 0.074 24.330 £ 0.021 3.282

NO015-HRdRP 21.708 + 0.021 19.688 £ 0.040 -2.02

NO15-HCP 20.902 + 0.044 20.074 £ 0.044 -0.828

HO015-NRdRP 20.936 £ 0.024 19.007 £ 0.054 -1.929

HO015-NCP 21.864 £ 0.070 21.644 £ 0.361 -0.22

48 1 NO15 22.557 £ 0.026 21.804 £ 0.036 -0.753
HO015 21.998 £ 0.075 22.944 £ 0.027 0.947

NO015-HRdRP 23.502 £ 0.036 27.183 £0.093 3.681

NO015-HCP 22.365 £ 0.004 22.705 £ 0.046 0.34

HO015-NRdRP 24.064 £ 0.027 23.340 £ 0.118 -0.725

HO015-NCP 22.220 £ 0.105 20.963 £0.014 -1.257

2 NO15 20.883 £ 0.088 16.583 + 0.025 -4.3

HO15 20.786 = 0.070 18.883 £ 0.105 -1.903

NO015-HRdRP 20.501 + 0.069 17.665 £+ 0.081 -2.836

NO15-HCP 20.772 £ 0.088 16.874 £ 0.055 -3.898

HO015-NRdRP 20.652 + 0.027 15.831 £ 0.033 -4.82

HO015-NCP 20.651 £ 0.050 17.326 £ 0.015 -3.325
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NO15

HO15
N015-HRdRP
NO015-HCP
HO015-NRdRP
HO015-NCP

20.693 + 0.065
20.841 + 0.052
20.646 + 0.033
20.749 +0.071
21.086 + 0.005
20.691 + 0.035

17.160 + 0.040
25.369 + 0.082
19.815 + 0.044
19.972 + 0.008
20.462 + 0.030
21.031 + 0.052

-3.533
4.528
-0.832
-0.777
-0.624
0.34

a. ACt (RARP/PP2A) = (Ct value of RdRP) - (Ct value of PP2A)
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Table 13. Ct values for the quantification of viral RNA accumulation in N. benthamiana protoplasts transfected with transcripts of CVX-N015 and/or

CVX-H015 by quantitative real-time reverse transcription-PCR

Replicate  Sample  NO15-RdRP (Ct)  HO15-RdRP (Ct) PP2A(Ct)  ACt (NO15-RARP/PP2A)  ACt (HO15-RdRP/PP2A) AACt?
1 NO15 16.948 + 0.036 -~ 21.784+0.010 -4.837 2 -1.491
HO15 - 19.841+0.024  21.565 +0.074 - -1.724 -3.709
Mixed 15.400 + 0.016 16.293 £0.033  21.726 + 0.054 -6.328 -5.433 -
2 NO15 17.690 + 0.022 - 20.538 +0.054 -2.848 - -1.517
HO15 - 20.802 £0.024  20.489 +0.051 - 0.313 -2.004
Mixed 16.324 + 0.037 18.998 +0.018  20.689 +0.041 -4.365 -1.691 -
3 NO15 18.825 + 0.055 -~ 20.939 +0.037 -2.114 - -0.956
HO15 - 23.807 £0.037  21.049 + 0.074 - 2.758 -3.783
Mixed 17.913 + 0.085 19.958 +0.078  20.983 +0.041 -3.070 -1.025 -

a. ACt (RARP/PP2A) = (Ct value of RdRP) - (Ct value of PP2A)
b. AACt = ACt (N015-RdRP/PP2A) of mixed infection - ACt (NO15-RdRP/PP2A) of single infection; ACt (H015-RdRP/PP2A) of mixed infection - ACt
(HO15-RdRP/PP2A) of single infection
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Table 14. The yield data of pitaya protoplasts prepared from different combinations of cell-wall-degrading enzymes

Enzyme solution Protoplast density (x 10° cells/mL)?

Bright-field microscopy

Fluorescence microscopy ®

Percentage of viable protoplasts (%)

1% snailase 00
1% cellulase + 1% macerozyme 1.74+0.33
1% cellulase + 1% snailase 2.53+0.63
1% cellulase + 1% snailase + 1% macerozyme 10.68 + 0.46

0+0

1.58 £0.37

2.27 +0.53

9.95+0.64

0+0

90.26 +4.72

90.26 + 1.86

93.13+2.15

a. Average + SE from triplicate experiments.

b. Protoplast suspension was treated with fluorescein diacetate (FDA), which stains viable cells, right before observation.

c. Defined as a percentage of the number of protoplast density assessed using fluorescence microscope of the number of protoplast density assessed using bright-

field microscopy.
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Figure 1. Strategies for constructing the 35S promoter-driven full-length cDNA clones of CVX. (a) Two-step cloning method for generating p35S-CVX-
NO15. The 5” and 3’ fragments of CVX-N015 genome, which share a unique restriction site of Hpal in their overlapping region, were separately cloned into p35S
vectors to attain p35S-CVX-N-5" and p35S-CVX-N-3’. After treating both constructs with Sbfl and Hpal, the smaller fragment (flanked by orange arrows)
generated from digested p35S-CVX-N-5" was ligated into the larger Hpal-Sbfl fragment (flanked by orange arrows) generated from digested p35S-CVX-N-3’ to
create a full-length cDNA clone, p35S-CVX-N015. (b) Two-step cloning method for generating p35S-CVX-H015. As with the strategy in (a), the 5’ and 3’
fragments of CVX-H015 genome, which share a unique restriction site of ECORV in their overlapping region, were separately cloned into p35S vectors to attain
p35S-CVX-H-5"and p35S-CVX-H-3’. Subsequently, the smaller EcORV-Sacll fragment (flanked by orange arrows) generated from p35S-CVX-H-5" was ligated
into the larger Sacll-EcoRV fragment (flanked by orange arrows) generated from p35S-CVX-H-3’ to create a full-length cDNA clone, p35S-CVX-H015. 35S,

Cauliflower mosaic virus (CaMV) 35S promoter; NOS, nopaline synthase terminator.
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Figure 2. Schematic representation of genomes of CVX-N015, CVX-H015, and their chimeric viruses.
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Figure 3. Phylogenetic analysis of CVX-N015 and -HO015 and published potexvirus

RdRP amino acid sequences. The neighbor-joining method of MEGA was used to

construct the phylogenetic tree. The bootstrap values with 1,000 replicates are indicated

at each node. The vertical lengths are arbitrary; the horizontal lengths are proportional

to the amino acid differences of the sequences. Support values lower than 70% were

not included in the tree. Scale bar, 0.05 substitutions per site.
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Figure 4. Phylogenetic analysis of CVX-N015 and -HO015 and published potexvirus

TGB1 amino acid sequences. The neighbor-joining method of MEGA was used to

construct the phylogenetic tree. The bootstrap values with 1,000 replicates are indicated

at each node. The vertical lengths are arbitrary; the horizontal lengths are proportional

to the amino acid differences of the sequences. Support values lower than 70% were

not included in the tree. Scale bar, 0.1 substitutions per site.
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Figure 5. Phylogenetic analysis of CVX-N015 and -HO015 and published potexvirus

TGB2 amino acid sequences. The neighbor-joining method of MEGA was used to

construct the phylogenetic tree. The bootstrap values with 1,000 replicates are indicated

at each node. The vertical lengths are arbitrary; the horizontal lengths are proportional

to the amino acid differences of the sequences. Support values lower than 70% were

not included in the tree. Scale bar, 0.1 substitutions per site.
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Figure 6. Phylogenetic analysis of CVX-N015 and -HO015 and published potexvirus
TGB3 amino acid sequences. The neighbor-joining method of MEGA was used to
construct the phylogenetic tree. The bootstrap values with 1,000 replicates are indicated
at each node. The vertical lengths are arbitrary; the horizontal lengths are proportional
to the amino acid differences of the sequences. Support values lower than 70% were

not included in the tree. Scale bar, 0.2 substitutions per site.

doi:10.6342/NTU201703675



CVX-H015
97— CVX-dragonfruit
99| LCVX-Hu
CVX-N015
5L CVX-NTU
I:ZyVX-Bl
= 100 ZyVX-P39
99 PiVX

93

——— AltMV
Wl PapMV

Clymv

HVX
AIVX
75 TRMV

m VX

PVX

& CymMV

08
% PAMV

99
~L— AlsVX
— MaMV
% NMV
—im E AV-3
99 ScavX

|
1001 BaMV

W= ~ 12 CVX-NO15 £2-HO015 2 H # potexvirus 53 CP % i & 5|8 {7 A3 5 1
A3

Figure 7. Phylogenetic analysis of CVX-N015 and -HO015 and published potexvirus
CP amino acid sequences. The neighbor-joining method of MEGA was used to
construct the phylogenetic tree. The bootstrap values with 1,000 replicates are indicated
at each node. The vertical lengths are arbitrary; the horizontal lengths are proportional
to the amino acid differences of the sequences. Support values lower than 70% were

not included in the tree. Scale bar, 0.1 substitutions per site.
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Figure 8. Confirmation of p35S-CVX-NO015 or p35S-CVX-HO015 infection in
Chenopodium quinoa plants. (a) Photographs of symptoms on inoculated (IL) and

systemic leaves (SL) taken at indicated days post-inoculation (dpi). p35S-CVX-H015
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or p35S-CVX-N015 plasmids that were fixed at the concentration of 0.5 pg/uL were
rub-inoculated onto top three leaves (final quantity of 10 pg per leaf) of a C. quinoa
plant which was at the ten-true-leaf stage. Plants inoculated with ddH20O were used as
the mock treatment. (b) Western blot detection of CVX CP in inoculated leaves at 10
dpi. Five ng of CVX particles were loaded as positive (indicated as "+") control. The
lower panel shows the Coomassie brilliant blue R250 (CBR-250)-stained loading

controls.

doi:10.6342/NTU201703675
75



(2) 7 dp 10 dpi 12 dpi

Mock
CVX-N015
CVX-H015
(b)
— 3 T
E
c
S
o 2-
(=] = Mock
8 B3 CVX-HO15-infected
_'E" 1- Bl CVX-NO15-infected
(=]
A
=
0 -

7 10 12
Days post- inoculation (dpi)

W4 >~ 3o F g CYX-NOL5 2 CVX-HO15 s 4 4
Figure 9. Infectivity assay of CVX-N015 and CVX-HO015 in C. quinoa plants. (a)
Photographs of local symptoms on leaves inoculated with p35S-CVX-H015 or p35S-

CVX-N015. p35S-CVX-H015 or p35S-CVX-N015 plasmids that were fixed at the
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concentration of 0.5 pg/uL were rub-inoculated onto top three leaves (final quantity of
10 ug per leaf) of a C. quinoa plant which was at the ten-true-leaf stage. Plants
inoculated with ddH2.O were used as the mock treatment. (b) Virus accumulation in
inoculated leaves, of which symptoms had been recorded as in (a), was determined by
indirect enzyme-linked immune sorbent assay (indirect ELISA). The three inoculated
leaves of a plant were collected together as an individual sample. Bars represent average
values and standard deviations from three different plants of a representative

experiment.
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Figure 10. Northern blot of total RNA extracted from Nicotiana benthamiana
protoplasts transfected with transcripts of CVX-N015 or CVX-H015. After
transfected with 10 pg viral transcripts of CVX-N015 or -H015, total cellular RNA was
extracted at 24 hours post-inoculation (hpi) and 48 hpi, electrophoresed in an agarose
gel, and blotted onto a nylon membrane that were then probed with DIG-labeled cDNA
probes corresponding to CVX CP gene. Protoplasts transfected with ddH>O were used
as the mock treatment. Lane NO15* contained 1/5 amount of total RNA of lane NO15.

The lower panel shows the EtBr-stained loading controls.
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Figure 11. Infectivity assay of CVX-N015, CVX-H015, and their chimeric viruses
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in C. quinoa plants. (a) Photographs of local symptoms on leaves inoculated with
p35S-CVX-H015, p35S-CVX-N015, p35S-CVX-NO015-HRARP, p35S-CVX-NO15-
HCP, p35S-CVX-H015-NRdRP, or p35S-CVX-H015-NCP were taken at 10 dpi.
Plasmids that were fixed at the concentration of 0.5 pug/uL were rub-inoculated onto top
three leaves (final quantity of 10 ug per leaf) of a C. quinoa plant which was at the ten-
true-leaf stage. Plants inoculated with ddH>O were used as the mock treatment. (b)
Virus accumulation in inoculated leaves, of which symptoms had been recorded as in
(@), was determined by indirect ELISA. The three inoculated leaves of a plant were
collected together as an individual sample. ELISA experiments were repeated three
times, and bars represent average values and standard deviations obtained from
triplicate samples of a representative experiment. Different letters above bars indicate
a significant difference among the means of the treatments (P < 0.05) according to one-

way ANOVA.
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Figure 12. Northern blot of total RNA extracted from N. benthamiana protoplasts
transfected with transcripts of CVX-N015, CVX-HO015, or their chimeric viruses.
After transfected with 10 pg viral transcripts of CVX-N015, CVX-HO015, or their
chimeric viruses, total cellular RNA was extracted at 48 hpi, electrophoresed in an
agarose gel, and blotted onto a nylon membrane that were then probed with DIG-
labeled cDNA probes corresponding to CVX CP genes. Protoplasts transfected with
ddH20 were used as the mock treatment. Lane N015* contained 110 amount of total
RNA of lane NO15. The middle panel (5-min exposure) shows longer exposure of the

upper panel (15-sec exposure). The lower panel shows the EtBr-stained loading controls.
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Figure 13. Quantitative real-time reverse transcription-PCR analysis of viral RNA accumulation in N.
benthamiana protoplasts transfected with transcripts of CVX-N015, CVX-H015, or their chimeric
viruses. After transfected with 10 ug viral transcripts of CVX-N015, CVX-HO015, or their chimeric viruses,
total cellular RNA was extracted at 24 hpi and 48 hpi, followd by DNase | treatment and phenol-chloroform
extraction, and then reversely transcribed with oligo(dT) primer. A primer set that targets conserved region of
CVX RdRP genes was used in RT-gPCR. The data were normalized to tobacco endogenous gene PP2A and
represented as fold-change that is relative to CVX-H015-transfected treatment. Means and standard deviations

of three independent experiments are shown.
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Figure 14. Quantitative real-time reverse transcription-PCR analysis of viral RNA
accumulation in N. benthamiana protoplasts transfected with transcripts of CVX-
NO015 and/or CVX-HO015. After transfected with 10 pg each viral transcripts of CVX-
NO015 and/or CVX-H015, total cellular RNA was extracted at 24 hpi, followd by DNase
I treatment and phenol-chloroform extraction, and then reversely transcribed with
oligo(dT) primer. Isolate-specific primers that target CVX RdRP gene was used in RT-
gPCR. The data of mixed transfection were normalized to tobacco endogenous gene
PP2A and represented as fold-change that is relative to the values obtained from single
virus-transfected treatment. Means and standard deviations of three independent
experiments are shown. Star signs above bars indicate a significant difference among

the means of the treatments (P < 0.05) according to Student’s t-test.
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Figure 15. Microscopic pictures of isolated pitaya protoplasts. (a) Green
fluorescence of viable pitaya protoplasts after FDA staining; red ones were considered
to be dead. (b) Autofluorescence of chloroplasts. (¢c) Merged images of (a) and (b). (d)

Bright field images. Scale bars = 50 um.
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Figure 16. Remaining pitaya tissues that had been treated with different
combinations of cell-wall-degrading enzymes. All treatments were incubated for 16
hours in dark at 25°C for enzymatic digestion, and then the pitaya tissues were
harvested and kept being washed with washing medium until no more release of
protoplasts. The presence and absence of certain enzymes are indicated as "+" and "-"

respectively.
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Figure 17. Effect of solution concentration on pitaya protoplast yield. The ideal
concentration of solution (mannitol solution, washing medium, and sucrose solution)
was determined by estimation of protoplast yield with cell-wall-degrading enzyme
mixture composed of cellulase, macerozyme, and snailase. Error bars show standard
deviations for changes calculated from triplicate experiments. Different letters above
bars indicate a significant difference among the means of the treatments (P < 0.05)

according to one-way ANOVA.

doi:10.6342/NTU201703675
86



28S rRNA
18S rRNA

WA s BT AN ERE FHZ RNA BF
Figure 18. RNA analysis of pitaya protoplasts by agarose gel electrophoresis. After
24- and 48-hour incubation in culture media, protoplasts were collected for RNA

extraction. The 28S and 18S rRNA bands are indicated.
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Figure 19. Northern blot of total RNA extracted from pitaya protoplasts
transfected with CVX-N015 or CVX-HO015 transcripts. After transfected with 10 pg
viral transcripts of CVX-N015 or CVX-H015, total cellular RNA was extracted at 48
hpi, electrophoresed in an agarose gel, and blotted onto a nylon membrane that were
then probed with DIG-labeled cDNA probes corresponding to CVX CP genes.
Protoplasts transfected with ddH.O were used as the mock treatment. Lane NO15*
contained 1 /5 amount of total RNA of lane N015. The lower panel shows the EtBr-

stained loading controls.
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Figure 20. Amino acid sequence alignment of CVX-N015 and -H015 RdRPs. Sequence alignment was

done by BioEdit; domain prediction was done by InterPro.
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Figure 21. Alignment and domain prediction of partial RARP amino acid sequence of cactus-infecting

potexviruses. (a) Multiple sequence alignment was done by ClustalW. The result of domain prediction as

shown in (b) was done by InterPro.
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