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Bt ~ T8 © 2017 © Cymbidium ringspot virus 78 R MU foRl A 2 @ R HIER - &
S ELSETHZE 66(3):202-218 <
Cymbidium ringspot virus (CymRSV) & H A B A ZmH > B EA NS KA B EZIBF L Lk -

AT ST R B AT H AR B Rt T A RUSK A A 0 AR AN AR B B - BRIk & 0 AR
CymRSV #5%& & (coat protein; CP) Z 4 ¥ B /- 7]3% 5t 2 405 F# - J& A5 R ik- 3 & Béh 45 R &% (reverse
transcription-polymerase chain reaction; RT-PCR) ° CyRcpu/CyRepd 5] -F# 7T 3813 i £ CymRSV-CP A FH 2k
B sk 7 R 4 1370 bp 2 F B0 CyRw/CyRd 51 F #7738 18 h CymRSV-CP & B S ¥ & £ 540 bp Z A
0 7 RT-PCR ¥ 35 7T S 2 #8 ] 77 & 2 CymRSV RNA A2 4 R &% (DSMZ i 5%) > Ao T2 4845
ZAZER Y E 4 - CyRu/CyRd 51 T #7 60CHR &M /Z T » # RT-PCR ik ¥ T £ — i b CymRSV « 5 4b » 4
# CymRSV-CP 3k F 7 71 3% 5t 4 #5531 F (CyR-FIP/CyR-BIP/CyR-F3/CyR-B3) » vA R ¥ & - 17 18 53X A% 8% 38 h& ik
(reverse transcription Loop-mediated isothermal amplification; RT-LAMP) » T 7* 65 CIZ A% F# 1 h K& P &
DIREHRH FAZR Y T EEBEABREHFRIELER - TR — I CymRSV X AZHEH B > BH G#
RT-PCR #) 25 4 2 EHJE o & S nlikH @ » AATIRE A% CymRSV 2 R E$HE G A & » B4
# pET28b &R BLIAY » # Escherichia coli (Rosetta) %u ] f7 £ P #47& G KRB > HEF 5 T &4 41.8 kDa Z akd
M & BL%& G (BEP189) » H.¥T ¥ 2 & B 4 7 & = CymRSV % 7TinBd & A E R & ; vA BEP189 % & /R P %
2 % Ty (CymRSV#189) # Ml K -#% % i 4 § 72 R R & (indirect enzyme-linked immunosorbent assay;
indirect ELISA) & 7 7 2 ¥k % (western blotting) K& ¥ » 34 T# L FRZ Rk & AE T E 2 CymRSV %
TEAR AR AR S A A ERJE A2 AL R IL A MO R 9 LB IE R A A ERE 0 AR X 5 TR T R
J&E A CymRSV 2 & — M4 % 9% xR 48 5] o K#F 52 8 R B 45 RT-LAMP %7 CymRSV X 4 B2 e bz vA 4 B 3
SeE AT o AT R R A A K AE L ¥ CymRSV B8l 2 RT-PCR #47 > H A # = % T4uil T H 2 s
%] CymRSV -

FA%EEE - CymRSV ~ MM  RT-PCR &Ml ~ SOE- DRI AL B IE I8 -

'ﬁ‘fj% 1963 £ 1 5% B g & 2 B (Cymbidium spp.)
EWEE Rtk R E A S G REL (chlo-
rostic ring-mottle) > ¥ Bl Cymbidium mosaic
Tombusviridae F} ~ FEHtite %% 558 (Tombus- virus (CymMV) e L R B o R R A R

Cymbidium ringspot virus (CymRSV) & 7»

virus) (ERALE 75 0 F AL RNA 288 89288 (Hollings & Stone 1963) o JHfs 245 18 5 »
AOTRGEH kDa HHERANIBE  EEEEHRME - BES0 e
€ 30 nm (Fauquet et al. 2005) - (s E Y /KERE - 1 fEfE 1 3% 50aa 450 8% (Hollings
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et al. 1977) - CymRSV ¥ i & £ j* E A FHY)
b ERpE SR L EEEZ - HAT
RAEBON S A i - 508 iR
LB ERE - R EA M T EER RS
(strain) » HE TR 2 AL E & (white clover,
Trifolium repens) (Hollings et al. 1977) =
% (Cymbidium spp.) (Hollings & Stone 1963,
1977) > w48 ehy 27 F P2 0 R i 0% B JE 0 BL )
Al © CymRSV E1E 1963 > B b #7885 1% -
2000 4 A A P A B 4G | 42 % B (Elliott et
al. 1996; Siegmann et al. 1998; Freitas-Astua
et al. 1999) - HEWE KA T EIEERM M H
CEEERNAEEE - 0 EERRE TR
EERE RN —ERERHRERS B
TEEEA B ZBE - RILA O ZEN5EEH
CymRSV 2 B&HI > DUFH #3284

B P b H A0 8k o] R BIAE 0 3 M
% 30 f& (Zettler et al. 1990; Zheng et al. 2011b) »
H th CymMV B Odontoglossum ringspot virus
(ORSV) fERAE LG w4 » o] R B fC Ay s
BE% HECEESEANTER/{ERE
(Zettler et al. 1990; Wong et al. 1994; Khentry
et al. 2006) - BB HE A REAHTZHER
¥& Capsicum chlorosis virus (CaCV) (Zheng et
al. 2008b) ~ Carnation mottle virus (CarMV)
(Zheng et al. 2011a, 2011b) ~ Cucumber mosa-
ic virus (CMV) ~ CymMV ~ ORSV (Chang et
al. 1999) K Phalaenopsis chlorotic spot virus
(PhCSV) (Zheng et al. 2008a) » H th PhCSV
1 Basella rugose mosaic virus (BaRMV) B
[E]fE 54 (Huang & Chang 2006; Zheng et al.
2011b) » [ % L 0] 8L % Bl A& 2 Potyvirus &
7§ 3 47 16 T (Zheng et al. 2008a) » H
CRFCEZEMIEY ST EECUENETH
<~ Bean yellow mosaic virus (BYMV) ~ Jg{ Z%
K 2R} 2 Dasheen mosaic virus (DsMV) -
J& 4+ FAE B AE A 2 Turnip mosaic virus
(TuMV) » KA {EE0% 5 2 BarMV (Huang
& Chang 2006; Zheng et al. 2011b) °

R B PR R fE TR e (BR) A 504
A I RERERE EE (BR) 17 94 [ P 1 = 4 1 J
b G H R T 2 OO E R 0 9
T R B DR E B 5 IIENG, 2 o o 0T 20 B P

fi] 22 i S SR 5 TE i 5 Z A % (Khentry e al.
2006) °

ZHREBEREZBEIERSAERBZER
(Zettler et al. 1990) > {H B {C 5 % % K > 1F
B g in R B 2R B SUEHREER
K5 &% 2 A (Tanaka et al. 1997; Koh et al.
2014) - F5#5 H oM J7 0% o DUBFA B St AT 70 4 BE
HHEHEE R B AN EE W - 25
1A 5 95 A A T B 4 I T (6 9 35 2 A Rl
(Tanaka et al. 1997; Hu & Wong 1998; Eun
et al. 1999; Chang et al. 2003; Lee & Chang
2008) - H. 1 % 22 i 45 i U T S B VA (en-
zyme-linked immunesorbent assay; indirect
ELISA) AR EBRE » E#AF KA FiE
AR RERELZ &ty CEEEERREY
9% 35 M HI 20 B IR 5 2 1% % (Lommel et al.
1982) » B¢ & A i Tl A6 9 55 %% 42 o & DL R
T B A A 0 E 1S T B (Arunasalam &
Pearson 1989; Hu et al. 1993; Vejaratpimol
1998; Grisoni et al. 2004; Khentry et al. 2006;
Lee & Chang 2008; Liu ef al. 2013) ©

Ve A g R R g 2 2% R B FE ] - ERIE
fETHR S e I UG B IERERE - 1 ¥R BT
WEZ AN S-S TS L (Re-
verse transcription-polymerase chain reaction,
RT-PCR) Z JEFC RalaF % & (Ryu et al.
1995; Chung et al. 1996; Chang et al. 1999;
Zhou et al. 2004; Lee & Chang 2006; Yamane
et al. 2008) - A JE ] > 4H 85 55 & <~ - B b I e
PRI E 7 35 < BJH (Choi et al. 2010) 5 R
R 5 2 W b M A TR e S B 4% B TS
%€ (multiplex) RT-PCR (Lee & Chang 2006;
Ali et al. 2014; Kim & Choi 2015) ~ 7 8 §%-
188 B2 k% 1% 1 iE £ (reverse transcription
loop-mediated isothermal amplification; RT-
LAMP) (Lee et al. 2011; Tsai et al. 2016) FIE
i&# RT-PCR (Eun et al. 2000) &5 -

BN (Chang et al. 2005) B¢ IHET 2%
Tombusvirus J&H— V5[ T % > 0] s e [E
&R 2 Tomato bushy stunt virus (TBSV) K
Cucumber necrosis virus (CNV)  CymRSV £y
Tombusvirus &G » H AT BN A % A4 T
FE AT EYLFERE RS - RIR(LE
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i 2 B Ve i 1 B T e e 2 B M AE
F LR # S > AW 5E st # CymRSV i 3% H
a2l i he U - BRERXER TR A 51
B R et I 2w S i > DI E £
T > s bR Z AR & -

M7 E

CymRSV IEE8E i1 HIZRR

Cymbidium ringspot virus (CymRSV) £
BISME A FE - HABNEAR AL REZ
AL 8% o RBFZE 2 CymRSV #% % 1F ¥ 13
IHIZKE (1) EE T E CymRSV RNA # o (78
DSMZ i im) 5 (2) Zest il R A VIR i
MARAE (516 - 88) BITEAREGHR
pUCS7 E#E I (pUCS7-CyRCP) » HE&H £
E# S (coat protein, CP) 2 1140 {EiZH 1%
(nucleotide, nt) f7 51 DL K 2 f& R il B D) iz (5"
It Neol ~ 3' Ui 2 Sacl YIir) - &kl {2
CymRSV F #1855 £ 7 % 2 CymRSV &
H (T8 DSMZ k=6 Agdia /2 5] Hikn) °

[ & $%- 5 b5 B8 3 & & (Reverse
transcription-polymerase chain reaction,
RT-PCR) RIS |54

A B ae st RT-PCR i I 5% > J5
SECLHRNEBBEREYREER T L
(National Center for Biotechnology Informa-
tion; NCBI) #& [N &l B8 (GenBank) Fff % #f
2~ CymRSV & % (AY500885 ~ NC003532 K
X15511) fMEALE¥ 73 #1% » Beat 2 4H5 154 -
H—rigiE e &5 CP AW K E & H /W% ik
e % Z 5] T %f CyRepu/CyRepd (5'TCGTCT-
GGATAGATGGGAGAT 3'/5'AACATT CACT-
GTCAGCTTGTT 3') - B4 | F% 7E {5 4Y 1370
bp: % — B F ¥ CyRu/CyRd (5' CGGTGG-
CRATMTCTAGRAT 3'5' GAAGGTWACTGT-
GTAGTGGA 3') Ryffci5 CP &R & frakat <
fEfF s[4 ATEHE & BT A4 540 bp -

RT-PCR 1T BEAI N © (1) =2 M5 sl
YI4E & 2 Bl 2 il - AR RIE R SE(LE
Ytz Bt 2 HUEUEI 4 (Plant Total RNA mini

rere

]

66 % 531

Kit, Viogene, Viogene-BioTek Corparation,
Taipei, Taiwan) 7 B - #E/T B 2 &
RNA 7 ZZH{ 5 (2) RT-PCR W fE % B 7 B: » DA
M & DSMZ-CymRSV RNA = fd ¥ 4= & RNA
Bt R > KA CyRepu/CyRepd 3 CyRu/CyRd
157 Al S EE T T S E -

RT-PCR J3 DA 3£ AL B 20 B RT-PCR &7l
20 (GeneMark Co. Ltd., Taichung, Taiwan) ff{
Fo [ FERAT - NARESTE Ry 25 nL Z ) EE
REA TR EHE 1 pL RNA ~ 5 pl 7 5x
RT Reaction buffer ~ 5 uL 7 5x Enhancer buf-
fer ~ 0.5 pL 7 RT Enzyme mix ~ 0.1 uL RNase
Block ~ 11.4 pL 2z Nuclease free water ~ 10
uM ZZ AR ES T 1 pl o REVIEER S E
(Biometra T3000 Thermocycler, Germany) i
AT o FEMRME R SOCT #E 17 S 8% [ JE 30
min > FELL 94C &M 50 s » AR 2 Lg%
LR TT PCR LB » BRIFAIT : 94CT &
150 s> 60C T & 50 s> 72°C F %4 2 min
Ry—1EE > LT 30 EIEER - Fig—EER
LL72°CHE A 6 min o [ZJESS R DL 1.2% &k
H2 (SeaKem, Agarose, Cambrex Bio Science
Rockland, Inc., Rockland, ME, USA) # T 47
M HIFEEE S -

A 55 L CyRu/CyRd 5[5 ¥ BLH A 2
TR 9 MR HEEE > 1Y 60CH
EOm S N A#ETT RT-PCR [LJESF - BEH 2R #HEK
RSO AR = 2 R &% - BEETE
Cymbidium mosaic virus (CymMV) ~ Odonto-
glossum ringspot virus (ORSV) K1 Capsicum
chlorosis virus (CaCV) ; ¥ 85 2 Cucum-
ber mosaic virus (CMV) ~ Dasheen mosaic vi-
rus (DSMV) #1 Turnip mosaic virus (TuMV) ~
BETY% > Carnation mottle virus (CarMV) ~ 3%
%% 7 Basella rugose mosaic virus (BaRMV) »
§[F 7 Bean yellow mosaic virus (BYMV) e

2 85 §% - IRDR IR A2 % B B 1R A (Reverse

transcription Loop-mediated isothermal

amplification, RT-LAMP) &35 |5#E5%5
LI¥$[E CymRSV-CP . H W 51| Bofbife - 4%
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1% H A EIKEN A 5 2 5| F$ 3% 51 (LAMP
primer designing software PrimerExplorer, EIK-
EN Chemical Co. Ltd. Tokyo, Japan) #:{7 1] &
FA RT-LAMP [ JE 2 5[4t 4 {5 » 53571 s
CyR-FIP (5' GCCCAGCGTTAGCTGA
ACCAGTCCTTCTACGAACCGCAACCG
3") ~ CyR-BIP (5' TGTGGCTACCACAGC-
CACGACGCCCTTTGCACCATTGAGAC 3" ~
CyR-F3 (5' ACAAACGCAGTGGGTGACTT
3" A CyR-B3 (5' GCGTTACTCCCGTGAAG
GTT 3") - H{ DSMZ-CymRSV RNA =% 57 JH 15
i Z & B RN 0 {RI% T & RT-LAMP
= 76 40 6 4+ (RNA Amplification Kit, EIKEN
Chemical Co. Ltd. Tokyo, Japan) #17 [ J& >
SR HEE (4225 uL) & | uL BRI -
% 2 uL 2 40 pmol FIP }z BIP 5] ~ £ 0.25
uL 2 5 pmol F3 Fz B3 5] -~ 12.5 pL 2 2x
Reaction mix » 1 pL 7 Enzyme mix ~ 1 pL 2
Fluorescent dye J 5 uL 2 Nuclease free wa-
er s SZTEFGRAFTY 65C T HfE 60 min 12 » FF&L
95 C&# 1L JE 2 min » [ZJESEF DL 1.5% Bk
I (SeaKem Agarose, Cambrex Bio Science
Rockland, Inc., USA) #E{To T H &S E » A
DLE A 22 ki 2 AR LAFIRE - ER
HERENE R IERIE » a0 DU L OAE
HIEREEFOOIURE -

AR5 DU 4 fro | F4HEL e a2
HoAth 9 MR fCR RS - 7Y 65 CREGIRIE T #E
17 RT-LAMP [ JiE -

RT-PCR i RT-LAMP 2 & 8| BURE LE R

Y7 > DSMZ-CymRSV RNA [F$fHE 5,
DA B KT 5x R VIR 1% - B (AR R
B2 W 1 L i By 18R 0 57 Bl L RT-PCR
J& RT-LAMP 7 &l 5| 38 & 2 (& {4 A1 7 A B 184
i B H 1] 7 A SR
CymRSV $HEHEE - Bl e MtEERIR
RZTERE

LL#E A & & &% CymRSV-CP # I 7 51 2
pUCS57-CyRCP Af8t - ¥ E AL DL Neol/Sacl
IRFTEGEE 2 V) E% > & CymRSV-CP AN EEH
7> LRV R B 22 D) 031 [o] Wie 2 e B KRG pET28b

(+) (Novagen, Inc. Madison, WI, USA) I -
JE 15— BEAE P& pETCyRCP > 3 H/H B AU
A Escherichia coli strain Rosetta (DE3) 15 =
WN#ETT CymRSV-CP 2 £H « EAIRKLL MO £
R (Li et al. 1998) A 37TCTIB&EZ2-3 h
% fn A1 mg mL"' 2 IPTG (isopropyl-p-D-
thiogalactopyranoside) 3522 (/B # R (Chen
et al. 2002) - 4% 4 h 2 IPTG 3% & 8% % 1% -
HUBE & L 5.9% g B HE L 10 min - HUEICR
1 LL 0.5 M Tris-EDTA (pH 8.0) 2~ 4% f& /R /&
fif 5 =) o i #E 1T SDS-PAGE (sodium dodecyl
sulfate-polyacrylamide gel electrophoresis) 25
ko DyMRIWEAZ D& - BERHWEEATE
i R/NEY 41.8 kDa REE H Z BIEAKEIT R
BB RFED - Kbz REEER
Wi ks 1 mg mL" DR PR - WA B KR AE
VIR AR A E (*JE%H? 88 EfTRRE
I DL % T

B CymRSV-CP Z T ZiZiE Al
RS

® R % % P 15 Z CymRSV % 7T #i #%
(#189) 4li{b H 2 y& Bk & 5 (Immunoglobulin;
IgG) % > # 1T indirect ELISA F 75 J7 22 8L %
(western blotting) » i &1 [ & i & (Agdia F1
DSMZ) CymRSV 2 Jr i #8 b 5 1F 5 I8 i
TR SR > DAsT AL B #2 CymRSV#189 $i G
ZHRME

A5 55 55 DL CymRSV#189 $ifiG Bl L4l 2
& FA O T I AT P B AR 0 Y b A A
e AR A R AT ROFE » DAREAR BEHL AR B R
CymRSV 7 B — 1 A HI R 5 < A8 BR o2 9% A Ml
EZVERERAT

Indirect ELISA ¥ @ KA B LI
FeE A #EST (Clark & Adams 1977; Chen et al.
2013) » RZFEZERAT ¢ (1) R4 ERE R S TE
HUFriEEE R 0.1 g S > 1A 3 mL 2 15 mM
fi% B% $iy 4% 7% /% (sodium carbonate buffer, pH
9.6) R & HUAH &R R IR 96 FL ELISA 2
FEfZH (100 pL 7L > FFHES 2 (HEE > BER
3TCHERF 4 h (HACER) + A1&LL 1x PBST
(137 mM NaCl, 1.5 mM KH,PO,, | mM Na,H-
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PO,, pH 7.4, 0.05% Tween 20) Jf% 3 20 : (2)
Bz s 5 < DRGSR IE © DLE B2 CymRSV
#189 RIERKEH (1gG) H 1,000 MifE S fEHR -
RN S IEFLH (100 L £L7Y) » 4 25CREM
[ 3-4 h (B 4CIRH) » Z1&LL 1x PBST f
W3 W HESITHRR RIS IR R
HIH#ETT 2 ¢ (3) BLRUAG A HE © A E MR
6,000 7 fi 14 B3kt I Tl 8% 22 7 45 LI =F B e 1gG
(AP-conjugate goat anti-rabbit immunoglobu-
lin, Jackson, West Grove, PA, USA) > 100 pL
L' B 25CZ ERAE L IE 34 h s FLL1x
PBST i 3 K+ (4) 2EOKIE - JIAR
&k 1 mg mL”" 2 @R MEREEREGRE 2 AE (p-Ni-
trophenyl phosphate, p-NPP) (Amresco, Solon
Ind., Ohio, USA) » 150 pL L' » K JE 40-50
min » L ELISA 8 {8 % (PTI max micro plate
reader, Molecular Devices, Sunnyvale, CA,
USA) FHHAUK & 405 nm F ZIRUT(E - £ dnD
EERRY 2 BIEFEER SOCES - HE gl
i # 2 IERJE -
Pe 5 ARG HU O g MR A B Y 1.5

mL B OEN > IMAREEEE > 1A
200 pL dissociation buffer (240 mM Tris HCI,
pH 6.8, 10% glycerol, 2% SDS, 4% B-Mercap-
toethanol) JE 4] » F 0 A 200 uL > LDS /5%
(Laemmli 1970) JE& 1% » 1A BOUK i 24 3-5

in> LL5.9% g @0 5 min (REVEE EIFRME
{TE8 Uk s #r - HUBE Kk 58 Z SDS-PAGE f2 % -
f#E 7 PVDF B (Millipore Co., MA, USA) -
f 1 5 % CymRSV#189 % jT i #a sy B fifg
HELT R SE -
BRMME CymRSV ZieiEAliE
o LLER

I B AE A AR R 2 B EU U5
(Phalaenopsis spp.) ~ LT (Oncidium spp.) ~
/N AE W (Cymbidium spp.) K 58 T8 RE
T (Cattleya spp.) % 4 T K [6] B 1C & 0 £
a0 o3 Al B E BT S CymRSV#189 Ml Wy fé
i & P 8% (Agdia f1 DSMZ H fh) K& JE >
i # indirect ELISA H B Agdia % JT ¥ £5
HELIEREZBICE D BHUAETT ERE

oot 3

HI =k H B CymRSV#189 ~ CymRSV-Agdia fl
CymRSV-DSMZ $i48 7 K& ; i L CyRu/CyRd
5| F ¥ #E1{T RT-PCR JI5 > 2 S EEHM
540 bp ZIXEEEYI R B - DUERE R IEiANEZ
T HIGE S

fER
RT-PCR #:8l

AW FE R 7] & CymRSV-CP A K & &
B R W U BB oy % Bk 2 & S k5T 2 51 T
(CyRepu/CyRepd) » LL R 3t ¥ CP % B = Or &
BT 2 5[5 ¥ (CyRu/CyRd) » j* RT-PCR %
25 ] B D d R # T & DSMZ-CymRSV RNA
ZIEAEE I f'WEﬂEHZ%% YT ED A E
1,370 bp ([& 1A) Bl 540 bp (. 1B) Z#%1% R
B i’]@ifgﬁﬂzjid\*ﬁﬁ — I BRIE I
W | B E e oy i 1% 5@% CymRSV 2 % i
FeAldmeR (SR AR HIR) © 5521 CyRu/CyRd 5
- 3 B LA S 2 T DR 6 2 LA 9 TN
%N 60CH AR N2 RT-PCR [ fEH - 15
K B CymMV ~ ORSV - CaCV ~ CMV -~ Car-
MoV ~» BarMV ~» TuMV » BYMV K DsMV 2
T EE AR E A2 ST (8] 2A) -

RT-LAMP & RT-PCR A2 i@ HIBURELL
B

52 L RT-LAMP g 13 - $+%f CymRSV-
CP 1% [ & §5& Fit 3% 51 £ CyR-FIP ~ CyR-BIP
CyR-F3 J; CyR-B3 5| F-48 » AT > 65 CIA 5 66
fFINREL W% ITETIHEEXE T T
R R E - Bk 3 A7 T B DSMZ-CymRSV
RNA IF $f 08 i o] RS IE ZY) (B 3A L) »
DLE A T #122 8] CymRSV 2 IF ¥} 18 & 5 &
YeFFR LR (T o T B S U 4 e
[ (& 3A F) « ¥R LL Sx R 5k~ DS-
MZ-CymRSV RNA F ¥t 5 > DL CyRu/CyRd
5% #E1T RT-PCR Ml - AT H LR FE 57
Z % (1& 3B) > 1fif DL RT-LAMP & R 2 £ Hl
EFRRE 50 2 # e (8 3C) o 45 3 8w ¥
F> CymRSV 2 #% it ] - DL RT-LAMP £ FH
= 14 RT-PCR 1 I 25 [ BHUE - AHI5E S
DL RT-LAMP 5| F4HEL BN E #r & ~ 9 TR (E
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(A) 30

2.0
1.5

1.0

0.5

M Dz pCy H

0.1

1. CymRSV 5|7 ##E1T S H5% - G HG AN E (RT-PCR) Z 8K ST HTEER © (A) LA CyRepu/CyRepd 5
THHETT 1,370 bp £ RIEHE O I ZHE ¢ (B) LL CyRuw/CyRd 5|7 ¥ #E{T CymRSV #5& H BN =~ 540
bp %8s 7 B 3 E - 17 M : 100 bp DNA fFLERE 5 1T Dz @ 117 DSMZ-CymRSV RNA 4 & ; 17 pCy :
pUCS7-CyRCP f24E 5 5 17 H © (R RI4A 4 -

Fig. 1. Amplification results of reverse transcription-polymerase chain reaction (RT-PCR) for the detection of
Cymbidium ringspot virus (CymRSV). (A) An expected 1,370-bp DNA fragment was amplified from the commercial
DSMZ-CymRSV RNA by the CyRcpu/CyRepd primer pair; (B) A 540-bp DNA fragment was amplified from the
DSMZ-CymRSV RNA and artificial synthesized nucleotide fragment coding for viral coat protein (pUC57-CyRCP)
by the CyRu/CyRd primer pair. Lane M, 100-bp ladder DNA molecular marker; lane Dz, the commercial DS-
MZ-CymRSV RNA; lane pCy, the pUCS57-CyRCP positive control; and lane H, the total RNA of the healthy orchid
tissue.

% 5 B & CymMV » ORSV ~ CaCV ~ CMV -~ ] [E]Ji 2 41.8 kDa 37 & 1 7 4 1E K ES
CarMV ~ BaRMV » TuMV » BYMV & DsMV 8l 8~ CymRSV-DSMZ IF %f B2 54 4 7 {&
RS2 BRI ETRIE  HERCIERE 2R ES T & 41 kDa E 4 EKJE ([& 4B)
(EERALR)  BURILSI T4 AR AE  H Agdia ([& 4C) & DSMZ ([& 4D) Ry f& i

EZ CymRSV J5#H - B 7 CymRSV Z it i g th g v] B 9y ¥ & &Y
R . 41.8 kD BEP189 HE i
CymRSV REEMRE S TTMEG S 2 RREHEEENE

IEER N R ELE R BN > A9 2 CymRSV-
& BEP189 % B (1 7 {f £ CymRSV 4 % 1§
AT ZE 8 ¥ CymRSV-CP 4 E s H ZIEHESS > B HBHFEPEHEH 7T
Bt Fir € JH 2 pETCyRCP EEfH £k > X E. coli  HiBE (#189) » W] 5 Th FE F A PH 5 S8 B A 1T
Rosetta (DE3) 8 F N H IPTGFHEEKE > CymRSV ZHHl -
B & M % 3 %E [ (BEP189) » i SDS-PAGE ifii 7 indirect ELISA Z JE 1 » DSMZ K
Tkt A B BEPISO RIMEH 24 T8 Agdia Biffi i &€ 2 CymRSV % T Hi B i %
K& Fs41.8 kDa - BIFHAE(EMAR H AT IREH BEP189 K FE(E 43 Hl K 0.49 F2 0.50 >
A CymRSV-CP 7 pET28b £ HL & i it A ([E ¥ Ry IE I FEREE 5 1 #189 Piag Bl [E] R 2 £
4A) - i BEP189 R & H K Pu AT # f =~ EH ~ DSMZ kK Agdia 2 Bt i & 1< fE
Zoehifie (#189) ATE HEEAY > B ¥Hi8 52 ELISA REET B IE R EE > FI9E
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kbp M Dz C O Ca Cm Co Ba T By Ds H

(A)

kba M Dz C O Ca Cm Co H M Dz Ba T By Ds H
(B) s5

43 1 -

34

26 | 44 &

2. HBZ5[FH R L THRGE CymRSV 7 H—ME AR - (A) FIFH CyRw/CyRd 5[ FH7A R iEs%- 5
MR FE (RT-PCR) HEf TR [Ep 5 2 1% 73 F-3080 < 77 M 1 100 bp DNA B © {7 Dz © i DSMZ-
CymRSV RNA fF24E, 5 (B) PHI7 2285 A 04T » A2 RIEEmEE CymRSV#189 Hig S - 17 M : & HE /7 T 21508
{7 Dz : 18 CymRSV-DSMZ & HIE#E 5 3 1T C @ Cymbidium mosaic virus (CymMV) ; 17 O @ Odontoglossum
ringspot virus (ORSV) ; 17 Ca : Capsicum chlorosis virus (CaCV) ; 17 Cm : Cucumber mosaic virus (CMV) ; 1T
Co : Carnation mottle virus (CarMV) ; {7 Ba © Basella rugose mosaic virus (BaRMV) ; 1T T : Turnip mosaic virus
(TuMV) ; 17 By : Bean yellow mosaic virus (BYMV) : 1T Ds : Dasheen mosaic virus (DsMV) ; {7 H : {iEJ it
FE4HSS - H79EFTTE £ CymRSV-CP -

Fig. 2. The efficiencies of designed primers and prepared polyclonal antibody on detecting CymRSV specifically. (A)
Reverse-transcription polymerase chain reaction (RT-PCR) detection of the different viruses by the CymRSV primer
pair-CyRu/CyRd. Lane M, 100-bp ladder DNA molecular marker; lane Dz, the commercial DSMZ-CymRSV RNA;
(B) Western blotting assay, the tested samples were reacted with the CymRSV#189 antibody. Lane M, protein mark-
ers; lane Dz, the commercial CymRSV-DSMZ protein; lane C, Cymbidium mosaic virus (CymMV); lane O, Odonto-
glossum ringspot virus (ORSV); lane Ca, Capsicum chlorosis virus (CaCV); lane Cm, Cucumber mosaic virus (CMV);
lane Co, Carnation mottle virus (CarMV); lane Ba, Basella rugose mosaic virus (BaRMV); lane T, Turnip mosaic
virus (TuMV); lane By, Bean yellow mosaic virus (BYMV); lane Ds, Dasheen mosaic virus (DsMV); and lane H, the
healthy tissue of orchid. The CymRSV-CP is indicated by an arrow.

SyREy 2.31 ~ 2.75 K 2.40 ¢ BRMME CymRSV ZitiiEtaRIRET
Rt RERNWERERN T B EEIHR

B > CymRSV#189 by #% ] &1 H | JF 5i & B2 1 indirect ELISA 3£ 4 # 7 [ %t
CymRSV-BEP189 R EH IR &R g 5 g oyt s 17 CymRSV 2 B I8 #3125
CymRSV Ji 5 & 1 i iz £ IE A IE  pbah o B, D #1> CymRSV#189 £ & DSMZ il
CymRSV#189 GBS Al O M FE B 08 pgqia gifmi 2 % 0 i RN LB - 45
CymMV ~ ORSV - CaCV ~ CMV -~ CarMoV - HEEE T > 7 indirect ELISA B 3Hl Agdia %
BarMV ~ TuMV ~ BYMV 5 DsMV 52 5 ERE 55 s a7 o 1F Ji e 80 00 0 2 0 2 BT TE AR
i S U Y indirect ELISA RIEFEEITE 4 FRr @ (8 1) » HhasE 7 (85
0.03-0.10 Z ] ¥R &R IEME - HFPEJ52 5~ ELISA S{E A7 0.39-0.59 2 [ » 12 f#
BOEP WA CymMV SEHAN 9 2B HE B EMER 0.24-0.79 2R 0 9 B/ ML
ETERFE (B 2B) - LEERBETEMCHEST  EHELIENR 0.24-0.83 21 > 6 (EE @
el E > g8l CymRSV#189 HiEE RN indirect RERE LSS E AN 0.94-1.31 218+ ZRif » #189
ELISA P57 2B AME eI EF - B 1 DSMZ 277 b 8 (% B 11 B B AT S e 2R TE R
F¥# CymRSV fl #—P FEFE(E - 81 Ll 2R S R e R e -
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DUR #5%- RORIR AL B R % (RT-LAMP) J S8 8% -5 S B S S E (RT-PCR) ¥$4@ Ml CymRSV 2

BUREELRT - (A) RT-LAMP [ERJEE Z Bk HTEY) (L) M BRNERAE R BEIUR (T) - T M 100
bp DNA A4, : 17 Dz ¢ i DSMZ-CymRSV RNA fAEN, © 17 H ¢ (EETEIERISHE, - (B) 2L CyRu/CyRd
51 %> RT-PCR gl - Tig HI 17372 5 £% 2 DSMZ-CymRSV RNA #5248, ; FFAFTHE Ky 540 bp > %
WEZEY) - (C) LA CyR-FIP/CyR-BIP/CyR-F3/CyR-B3 5| F-4H11/* RT-LAMP {5k b » ml kg Hl S fe 5° % >
DSMZ-CymRSV RNA {25, o {7 M 1 100 bp DNA fZAE (i -

Fig. 3. Comparison of the reverse transcription loop-mediated isothermal amplification (RT-LAMP) and re-
verse-transcription polymerase chain reaction (RT-PCR) on the sensitivity for detecting CymRSV. (A) The amplicon
of RT-LAMP was analyzed by agarose gel electrophoresis (upper panel) and the amplification result of fluorescent
with white precipitate was observed by naked eyes (lower panel). Lane M, 100-bp ladder DNA molecular marker;
lane Dz, the commercial DSMZ-CymRSV RNA; and lane H, the healthy tissue of orchid. (B) The 5* dilution of
the commercial positive control of DSMZ-CymRSV RNA was detected by CyRu/CyRd primers in RT-PCR. The

expected 540-bp amplicons are indicated by an arrow. (C) The 5° dilution of the commercial positive control of DS-
MZ-CymRSV RNA was detected by CyR-FIP/CyR-BIP/CyR-F3/CyR-B3 primer set in RT-LAMP. Lane M, 100-bp

ladder DNA molecular marker.

Ll DL Agdia $U 88 i Y IE R E S 0 M —
AP 7 S BA MR G5 SRR 0 #189 ~ DSMZ
1 Agdia % % JC 5 #8 9 S8 4% S 2 00 38 16 4% &
~Z CymRSV J# 5 & 1453 T &% (41 kDa) > {H
Agdia ZTTH S I 48 81 [t 4 FERBE EE R
K& 24-25 kDa g HIFE— ML (B 5) > It
S8 e — 4 DL CyRu/CyRd 5| 7 ¥f #E /T RT-
PCR Al » 6 A HY 3R 540 bp 2 %k R BRI AT
(1) > #/REY indirect ELISA G yEfg il
H Agdia i FTte i 2 IEREE - TiE R
[ FE -

SE
AT ST BB N R 3£ 2 KR
CymRSV Frft 82 RT-PCR fa il H 5[ 1% > LL
J¢ RT-LAMP 5[ 5435 ] H—{ffz H; CymRSV
LAt - BRZ ZIehife CymRSV#189 » HELTH

B2 A IE IR T g thiig - BUn]
R E TS indirect-ELISA K 7Y J7 22 Bl A Wi 8
TP i A B 1T CymRSV 2 B — kgl -
FAEETE ¥ w32 2 M0 > DL indirect-ELISA
FEC& RT-PCR JAE; RT-LAMP 7 i B i 7€ >
AR I 2 T E Y IR

AW FE et 2 CyRu/CyRd 5] F¥%f > 2
60°C I & 38 FE RN #EFT RT-PCR » ilfi o B 7L
9% 3 CymMV F1 ORSV & 4: |7 JiE » i Bl <
kb B0 AT R 2 M 3 B RE CaCV -
CMV - CarMoV ~ BarMV ~ TuMV ~ BYMV }
DsMV Ji H L ik A A TE (B 2A) » #R DA
RT-PCR AT A %Mt CymRSV « ZARH5E ¢t
CymRSV #1722 RT-PCR j% » A] H— Mg H
CymRSV » By & 15 Bl 25 IE FH A B fE 6 fm B ik
WHEZ BEHRRE -

AWCE A RT-LAMP J* CymRSV fg ] »
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4. JEFIAIEIARRILY CymRSV R RFE [ SDS-PAGE ik 75 /7 BB - (A) CymRSV
Rl E MR (41.8 kDa) 2 SDS-PAGE 2 FE 8K E - 2 HIkEfn oy 58l H B2 CymRSV#189 Zithifs (B) ~
Agdia 4'F] (C) &z DSMZ (D) iz CymRSV ZIThifa T )7 SR E T - T M« EEE T8 5 17
pET : {2 pET28b(+) & (R AHHHEN) » {7 BEP : MIERMZIHHHEN 5 17 eBEP © 41k
R AMEFIRAVRHHEN © 17 Dz © T8 CymRSV- DSMZ & HFAE i - HidHATTE fy CymRSV-CP RIREH -
Fig. 4. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and western blotting assays of the
bacterial-expressed coat protein (CP) of CymRSV. (A) A 41.8-kDa bacterial-expressed fusion protein of CymRSV-CP
was observed in the SDS-PAGE assay. The polyclonal antibody #189 prepared in this study (B), and the purchased
polyclonal antibodies from Agdia (C) and DSMZ (D) were used to react with the bacterial-expressed CymRSV-CP.
Lane M, protein markers; lane pET, IPTG-induced bacterial cell lysate containing the expression vector pET28b(+)
without CymRSV-CP insert; lane BEP, IPTG-induced bacterial cell lysate containing pET28b(+) with CymRSV-CP
insert; lane eBEP, the purified bacterial-expressed CymRSV-CP; and lane Dz, the commercial CymRSV-DSMZ pro-
tein. The target proteins are indicated by arrows.

oA & 1 RT-PCR % 25 % 2 RS » o #& it
fE & % CymRSV Z & H3 % - LAMP & &
LAY 2000 420 H AW > J9F]F Bst DNA
polymerase > £ 65°C /2 A MY R B3 N {7
Z e - AT 95CHY = R i B DL A% BE S i
DNA A o &1 % 6 @& DL 4 55| T 51T
eI > 7T 3 DNA B p B 8T8 3 B
FRAURE S - A6 RE I R R ER R (pyrophosphate)
T2 JE 75 0 H Y S 8 T 12 RS D A /K Y B B T
B mMELANRT RyE EREG > HEK
JfE 4% B (Notomi er al. 2000) » =t 0] $5 it 4% 3¢

B A 058 FIEE - $1 ¥ RNA B > TRA R
TR — ZOEAT BELP B RT-LAMP 541 52 & -
TH & ey T I B — TR SR {6 40 e A B 448 i 2 B
il > HEHE BB HEALES PCRIAE
= BEE I NIR A S EAS R  EE TR
ERksOR > R AEE BAVE TR 2 A% I iR L
il AFERCE W Lm0 A
% R BE Vi A R R i S PE 4 2 H (Savan
et al. 2005; Huang et al. 2010, 2014; Fukuta
et al. 2013; Przewodowska et al. 2015; Tasi et
al. 2016) - LAMP = RT-LAMP J& R i 15 ¥
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B 5. DAPETT SRR E TR EIRI{ERE M2 CymRSV < BIIEERE (A) ~ SO0E (B) ~ /INEERT (C) FIZZTERENERT (D)
E 32 MIkE S 791 indirect ELISA fg i i1 CymRSV-Agdia S 42 IE S EF - 73 Al 8L 5 8L 2 CymRSV#189
5775?)1%“ i CymRSV % tHifg (DSMZ F; Agdia A E] HiL ) HEATRIE - {T M EHES T2 1T
BEP : 4732 CymRSV-CP ; {7 Dz : i85 CymRSV-DSMZ &4 ; 17 H © {REFITEAHAR - SivEFTE
Fy CymRSV-CP -

Fig. 5. Western blotting assays for detection of CymRSV from different orchids. The samples of Phalaenopsis (A),
Oncidium (B), Cymbidium (C) and Cattleya (D) positively reacted to CymRSV-Agdia antibody in indirect ELISA
were further tested in western blotting assay using the polyclonal antibody #189 prepared in this study and two
commercial antibodies purchased from the DSMZ and Agdia companies. Lane M, protein markers; lane BEP, the
IPTG-induced bacterial cell lysates containing the expressed CymRSV CP; lane Dz, the commercial CymRSV-DS-
MZ protein; lane 1 -6, the different tested samples; and lane H, the healthy tissue of orchid. The expected CymRSV-
CP is indicated by arrows.

DNA = RNAJFHF AR ERHE A HCHEFS  bunchy top virus (BBTV) (Peng et al. 2012)
B xh 2 B » E$5H Potato virus Y (PVY) (Nie Plum pox virus (Varga & James 2006) ~ Melon
2005; Zhao et al. 2012) ~ Cucumber mosaic yellow spot virus (Kuwabara & Sakai 2008) -
virus (CMV) (Zhao et al. 2012) ~ Tomato spot- Chrysanthemum virus B (Fukuta et al. 2005) ~
ted wilt virus (Fukuta et al. 2004) ~ Banana Japanese yam mosaic virus (Fukuta et al.
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1. DIEBATHE CymRSV ZIorHifa i fiE - B2k e R b R A AR TRl B E 2 bR -
Table 1. Comparison of the results for detecting CymRSV from different orchids in indirect enzyme-linked immu-
nosorbent assay (indirect ELISA) using the self-produced and commercial polyclonal antibodies.

ELISA reading (A s,,)°

Orchid sample #189 DSMZz Agdia RT-PCR”
Phalaenopsis 1 0.03 0.01 0.45 -
Phalaenopsis 2 0.03 0.01 0.51 -
Phalaenopsis 3 0.02 0.01 0.42 -
Phalaenopsis 4 0.04 0.02 0.49 -
Phalaenopsis 5 0.02 0.01 0.49 -
Phalaenopsis 6 0.04 0.02 0.59 -
Phalaenopsis 7 0.03 0.01 0.39 -
D-CK* 2.76 2.92 2.73 +
2 H-CK 0.13 0.05 0.29 -
Oncidium 1 0.08 0.07 0.37 -
Oncidium 2 0.08 0.04 0.27 -
Oncidium 3 0.10 0.06 0.29 -
Oncidium 4 0.06 0.06 0.26 -
Oncidium 5 0.06 0.06 0.52 -
Oncidium 6 0.08 0.06 0.41 -
Oncidium 7 0.09 0.07 0.25 -
Oncidium 8 0.07 0.05 0.42 -
Oncidium 9 0.11 0.07 0.24 -
Oncidium 10 0.06 0.06 0.25 -
Oncidium 11 0.06 0.04 0.66 -
Oncidium 12 0.03 0.01 0.79 -
D-CK 3.81 3.92 2.52 +
2 H-CK 0.22 0.17 0.23 -
Cymbidium 1 0.05 0.02 0.34 -
Cymbidium 2 0.06 0.04 0.24 -
Cymbidium 3 0.05 0.03 0.24 -
Cymbidium 4 0.05 0.02 0.24 -
Cymbidium 5 0.06 0.03 0.39 -
Cymbidium 6 0.05 0.02 0.83 -
Cymbidium 7 0.05 0.02 0.51 -
Cymbidium 8 0.08 0.02 0.41 -
Cymbidium 9 0.05 0.03 0.36 -
D-CK 2.34 2.77 2.51 +
2 H-CK 0.10 0.08 0.20 -
Cattleya 1 0.09 0.03 0.94 -
Cattleya 2 0.08 0.03 1.15 -
Cattleya 3 0.08 0.02 1.23 -
Cattleya 4 0.07 0.03 1.27 -
Cattleya 5 0.10 0.03 1.31 -
Cattleya 6 0.08 0.02 1.11 -
D-CK 3.08 3.45 3.27 +
2 H-CK 0.14 0.06 0.79 -

“ The polyclonal antisera to CymRSV prepared in this study (#189), andpurchased from DSMZ and Agdia companies were used for
comparison. The ELISA readings higher than two times of the healthy control’s (2H-CK) were determined as positive results.

Y RT-PCR was conducted by the CymRSV primer pair CyRu/CyRd. +, A 540-bp DNA fragment was amplified; -, no predicts were
produced.

*D-CK: the ELISA-positive control of CymRSV purchased from DSMZ.
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2003) ~ Potato leafroll virus (Ahmadi et al.
2013) ~ Wheat yellow mosaic virus (Zhang et
al. 2011) ~ Peach latent mosaic viroid (Bou-
bourakas et al. 2009) ZFE#+FE L. - BALE
% 3 CymMV 1 ORSV FA 3T it B B & Y
RT-LAMP & | #5 1l (Lee et al. 2011; Tsai et
al. 2016) » AbH5E$t ¥ CymRSV Frfifl# 2 RT-
LAMP # Ml 7% » B 5 % 58 5 RT-LAMP o] fig
MR T 2 gl - B BURLE & i RT-
PCR - i EA ¥ CymRSV gl 2 B —M3 R
AR ATHEBN I 3~ B B2 B e 7 -

RT-PCR 7% H 4 /& 1> ELISA #g Ml B &L &
ZAERE > TR R R - TR E L
ol E A 3 % B & BLE T E Bl (Wong et al.
1994; Jeong et al. 2001) ; #AT » ELISA # H
MR EE mie W EGREHEE EHE 2 K25 -
i CymRSV % T s L BB E H AT 2 /D
H Agdia (Agida Inc., USA) ~ AC (AC Diag-
nostics Inc., USA) fz DSMZ (Leibnuz Institute
DSMZ-German Collection of Microorganism
and Cell Cultures, Germany) 2 5k > i &5
BRI E G > AT E A Agdia ft DSMZ
ZEH BB E R ALt E B
CymRSV#189 §ifig ~ B IR HMIUIR - 454 in-
direct ELISA ~ RT-PCR kg 75 52 B % 7 fa Ml
45 B EE T » CymRSV-Agdia B i f# B ~ 700
W NMEEE R RN SRS EE
PSSR (R 1~ [E5) 5 i CymRSV#189 8l
CymRSV-DSMZ ¥ > 1F ¥ B i DA sz A [5] B A6
f#JH 2 indirect ELISA fg |45 FEAHTT - PG
77 2 BE o CymRSV#189 fEG IS MBS - H.
CymRSV#189 Jf> Jth i e ¢ 2 i 2 Hf A Bl
H 9 FE B fE % % (L #E CymMV ~ ORSV »
CaCV ~ CMV ~ CarMoV ~ BarMV » TuMV -
BYMV K DsMV) E4EIEH MR E - FHHIE
M fCEkin b B A ¥ CymRSV Z i Bl & — 1%
HERGIM = > 1Y indirect ELISA FI175 J7 & 85 A
1 CymRSV#189 ¥f CymRSV = 5 16 (i 7 41
& 2 8% PR [F it T & CymRSV-DSMZ %
e E - BURAHITATH L CymRSV#189
%ot Pi e F 7Y indirect ELISA K 75 /5 SR BLA
¥ CymRSV 2 oyt -

e CymRSV-Agdia 2L DAS-ELISA kit
By T E AR 7 = 0 AT 9T & I E H coating
IgG fi By indirect ELISA &M » 42 AW 58
g CAES 2T IEE — M 2 B0 1M S E
A gE 2 H ¥ CymRSV Z A& MR 7 F Y indirect
ELISA JEFRE - ZR]fi » indirect ELISA B &5 \]
BV R B e A e R AR 2 (BB AR 5T
Fir 8 %4 2 CymRSV#189 % 7T i #& LA indirect
ELISA AR A 2 | 5 — & H CymRSV Y%
R IEHIE DA E LR E 2R

N
N o

B

Elliott et al. (1996) DL ELISA /% K i &
CymRSV % JtHife (Agdia iz ft) $+ ¥R
[] Tl {6978 95 #E 1T ELISA 58 i g M V% 7 i 18 I
e S H s 2 ELISAEEER & PR
2 REfREE IR BE R IR R EEE A HE
GRS HEE— S DI EE A A
CymRSV Z fmill N G RZ 2 EF T+ - Wit
191 %E ek i 2 TE S (B IE HH CymRSV FrEL »
AR RS R Z AR 20 2 fE T
A2 BB AR M AE R Ry LS © ARWEFE TR 2
A E g A iy - 58 E o] 98 (L% CymRSV 2
TE Bl Ag Al -

DA B om s R A R E B0 S atbim
& BRI R 2 B S AT E
FHET AL EAREZEBEZEY 28X
B U E2REREHEOERZKZ
Bz 5|7 ¥Hic & RT-PCR Mg 0E A E R iR R 5
ZHEOERE  FHMAERAED R
1 Ty bt 9 5 B T Al B0 B G DL IR B 55 2
il CREEBAN N TR (Li et
al. 1998; Lee & Chang 2008) « 455 A DL1E
JEE FI I SR 2 58 B R 2R B AR SUR 3 (Tube-
rose mild mosaic virus, TMMV) (Chen et al.
2002) ~ B [E% 5 (Calla lily latent virus;
CLLV) (Chen et al. 2006) ~ F B & B il 5 #7 41
W& (Plantago asiatica mosaic virus; PIAMV)
(Chen et al. 2013) SEAEFF95 3 2 A I A 1T B
THIE R CIREER (B) 2 Al - FEADT SR
AR CymRSV FEIRIEY & ha T
7 i E R G R o #E 1T CymRSV B2 A% 1
el z NLER - UK AR EHRE 2 £
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B ARERL TR EHER R 2R HEHED
BUR - et A S Bk 2 ST R 2h 8
5 W AT A ke Hl CymRSV 2 % e i B - thHL
I S Rl g I B P 1 R A 2 A 9
BN BE - LHTFREEHE 5 EEED)
R Wi AEY) Z i E S BEE 5 2 E
TERA G - SR B RS 2 R R S
ATFE LR AT E A Ao o RN
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Tl 2 R -

CymRSV 5 %5 H ¢ 1963 R E i 785
% » H Al R B AE B fE R B 38 B (Elliott
et al. 1996; Siegmann et al. 1998; Freitas-As-
tua et al.1999) - #E {FRAEBON & - (5 H &
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Z B 5 BLRE E B B 2 S0 LS 0
Tl i i T A 2 IR T RE 5 [ R84 7 s
R o IhEE A E R RN E S PIAMYV JF
FBLEIEHE S EE > CIERR - HEEMEE
EHEEEKEHERRE WS (Anderson
et al. 2013; Hammond et al. 2015) - KL - %
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AWHFRE D BT REZ R GREE
BT RHGETE (BRI 5 AL L
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Abstract

Chen, C. C. and F. L. Chiang. 2017. Development and application of the molecular
and serological detection methods for Cymbidium ringspot virus. J. Taiwan Agric. Res.
66(3):202-218.

Cymbidium ringspot virus (CymRSV) is recorded in foreign countries, but not found in Tai-
wan. The molecular and serological detection reagents for the inspection of CymRSV on orchids
were developed in this study. In molecular detection, two primer pairs for reverse transcription-poly-
merase chain reaction (RT-PCR) were designed based on the nucleotide sequences of CymRSV
coat protein (CP). The primer pair CyRcpu/CyRcepd was designed for amplifying the full-length CP
gene and its flanking borders. The primer pair CyRu/CyRd was used to amplify the conserved re-
gion of the CymRSV-CP gene. In RT-PCR, the expected 1370-bp and 540-bp DNA fragments were
amplified by the primer pairs CyRcpu/CyRepd and CyRu/CyRd, respectively, from the commercial
DSMZ-CymRSV RNA. The annealing temperature under the 60°C, the primer pair CyRu/CyRd was
used to specifically detect CymRSV in RT-PCR. A set of four primers (CyR-FIP/CyR-BIP/CyR-F3/
CyR-B3) was successfully used to amplify CymRSV RNA under 65°C for 1 h in reverse transcription
loop-mediated isothermal amplification (RT-LAMP), and the results were able to be determined by
naked eye observation. RT-LAMP with a specificity for CymRSV detection and has a 25-time higher
sensitivity than RT-PCR assay. In serological detection, the predicted 41.8 kDa of the bacterial ex-
pressed fusion protein (BEP189) was positively reacted to two commercial CymRSV antibodies. The
CymRSV antiserum (#189) was prepared from the rabbit immunized with the bacterial-expressed
CymRSV-CP. In the detections of CymRSV by the ways of indirect enzyme-linked immunosorbent
assay (indirect ELISA) and western blotting, the prepared antibody #189 specifically reacted with
its expressed CP as well as with the commercial controls of CymRSYV, but not reacted to the healthy
orchid tissues and other 9 viruses on orchids. This is the first report to develop the RT-LAMP method
for detecting CymRSV and to apply the RT-PCR assay for inspecting CymRSV on orchids. Moreover,
the prepared polyclonal antibody against CymRSV is efficient to differentiate CymRSV from other 9
tested orchid viruses.

Key words: Cymbidium ringspot virus (CymRSV), Serological detection, RT-PCR detection, RT-
LAMP.
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