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£ B #AE KRR HAZE

RN BER e ZHTTER , T 248 P ARAE SRR BT S A EE AT 50903, )M 510640)

BE. AAZ AL E 2R ERZEEIL, RA IR &S -BEK % 9% & H 0 Z (double sandwich
enzyme-linked immunosorbent assay, DAS-ELISA ) &3t & & )N bk WA dd £ T 2502 7 X
09 534 B AL R AR R R 09 [ ety it ﬂwﬂl |, # B35 4w vt B A RT-PCR AR s bl 25 R it
FEAE, A T cp LB A3 shAem) 2] a9 g% - 9E 4T 2 Se b AL 47, DAS-ELISA #m 4 R 27,534
Faet A A4 A R A, Bk B R A 83.02%; ;t A 1404 th i 2 36 et 9% A (Cymbidium mo-
saic virus,CymMV ) , A 1945404 1 3 2 2R 52 9% 4 (Odontolossum ring spot virus, ORSV) , A 114544
it CymMV #= ORSV & 41 %, # b 5 53] 4 26.42% .35.85% #= 20.75%., RT-PCR #&il %4 R B =,
35St P 30 e g A, Bode i B A 85.71%; b, A 21 e i CymMV, A 6 e
ORSV, # 445t CymMV F2 ORSV H 412 % , #5531 4 60.00% . 17.14% F= 11.43% , 42 K i)
AL emE, AU AAE ZmERE I LY CymMVAORSVIZE 54, /3 fe & Rt H7
B, kR TREREFF 69 CymMV F2 ORSV 2 5 4 89 cp L B 5 5 # A4 4%, CP R L 82 5 5
ARSI K T 97.31% #2 93.67% , L.CymMV #= ORSV % A MEAF B4 540 55 & 47 B An b 22 1% 5
XERK,

SR A2 Ibet R A, B ZIRBE0% & ; RT-PCR; DAS-ELISA; & %itibadr; )" &4

Investigation of Chinese Cymbidium viral disease, and phylogenetic analysis of cp gene
of Cymbidium mosaic virus and Odontolossum ring spot virus in Guangdong Province
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Abstract: To investigate the viral disease of Chinese Cymbidium in Guangdong Province, the double
sandwich enzyme-linked immunosorbent assay (DAS-ELISA) was used to detect the virus in 53 sam-
ples of Chinese Cymbidium leaves with typical viral-symptoms, which were collected from the main or-
chid producing regions in Guangzhou, Shantou and Shaoguan cities. Thirty-five out of the 53 samples
were selected to verify the DAS-ELISA results by reverse transcription polymerase chain reaction (RT-
PCR). Additionally, sequence and phylogenetic analysis of these viral isolates detected in this study
were constructed based on the deduced amino acid sequences of c¢p gene. DAS-ELISA results revealed
that 44 out of the 53 samples were virus infected, with a detection rate of 83.02%. Thereinto, 14, 19 and
11 samples were detected to be infected with Cymbidium mosaic virus (CymMYV), Odontolossum ring
spot virus (ORSV), and CymMV combined with ORSV, with detection rates of 26.42%, 35.85% and
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20.75%, respectively. RT-PCR results showed that 30 out of the 35 samples were infected with virus (de-

tection rate was 85.71%). Among them, there were 21, 6 and 4 samples were detected to be infected
with CymMYV (60.00%), ORSV (17.14%), and CymMYV combined with ORSV (11.43%) respectively,
while no other virus was detected. The above results indicated that CymMV and ORSV were still main

viral pathogens of Chinese Cymbidium in Guangdong Province. Sequence and phylogenetic analysis

showed that cp genes of CymMYV and ORSYV isolates collected from different regions and various hosts

were highly conserved, and the sequence similarities of the deduced amino acid were greater than

97.31% and 93.67%, respectively. The differentiations of diverse viral populations had little relationship

with host species and geographical isolation.

Key words: Cymbidium mosaic virus; Odontolossum ring spot virus; RT-PCR; DAS-ELISA; phyloge-

netic analysis; Guangdong Province
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H A [ P _L 38 B A B ia AR08 B2 9% 1A 8025 7
WA SRS DN R B 45 0 B L A3 R A R B
H AT B 45 =2 A6 B 1) 32 2B, Xp[E 22 7l Ak &
ety

M 20 THE 22 40~50 47 R SIE. F Uk 4 1 2 22
JE R BENR VAR , [ N A2 2 0k 22 A6 B R A 7
RN #E PP 2 M 25 98 B AT T )2 B9 (Jen-
sen, 1952) ., HHI, Alfz Y = LM EE 2830 Fp, &
B AL HE 22 48 iR B (Cymbidium mosaic virus,
CymMV) | ¥ % ¥5 B #5 7 (Odontolossum ring spot
virus, ORSV) 8% JI/E M7 (cucumber mosaic virus,
CMV) | B4R &% 5 B (Capsicum chlorosis virus,
CaC\V) 7% 25 4% 20 4% 9% 7% (Basella rugose mosaic
virus, BaRMV) & , H A 1% 4 14 Jin 19 # % (Wong,
2000; Koh et al.,2014) . Jensen (1970) & ¥4 faf == Fl
K 2= AR FER £ 22 CymMV FHIORSV

B AR YL 5 LAY s Hu et al. (1993 ) K60 25 L 2 1
2 I B g SR A R 22 EE R 322 1 CymMV FTORSV
g, 2D H i 7 i BEZ5 9% B (tomato spotted wilt vi-
rus, TSWV) 5] & ; Khentry et al. (2006) #ff 5% & B
CymMV 275 | 28 [E 41l =2 #E i £ 2000 ). 78
A, XE T AE (1994) R RN SE (1997) 73 IR
R 2= FA R P R B R T ORSY il Cym-
MV, Il o5 TR s A A M3 5 1 2k
HRAIARTERR (1996) PN AR48 85 22 S0 24 g1 22 A1
JifR 2245 22 48 E ARSI S CymMV Fl ORSV ; K- 45
(2001)%F) 7R Ama Ul =B RS LR TLPE A
A7 B2 871 (AR EE A EAT T CymMV
FTORSV (AR , A BLUTHEHLIX AN AR AR RS
VLIRAFA 0 22 B BRI R U B 5 T P it X 2 oy
MW= TLVPGEEAE , 8 = S50 =2 0 7 I e
i e T 2, N TR 22 R e B R R i T AR
2246 WD AR AE (2009) R WTTTAE 139 4> 2B s A1
8N A BHEE il ARSI 25 SRR B, A7 31.7 %R
HG ) CymMV , 4 28.8% [FE i A 3 ORSV; 1
M 45 (2009) V8 25k B R A8 =2 AR 250 2 i
CymMV ORSV FIM# & G Y51 , H MR
BRI S EADCE, 3002 AR IR B
T H i TR AR R, E N2 A8, R
2 [ 2= BE R I 32 2 B T CymMV Al
ORSV, MX H B TERY 22 AE REAGE D
XA B ARSI ik AR AR )2 LR
FOR MF 2T 7550 IR s -5
fifi £ X, 2 IV (reverse transcription polymerase chain
reaction, RT-PCR) ST A4 I .0 — Tl I £ 922 187 3]
%€ (double sandwich enzyme-linked immunosorbent
assay , DAS-ELISA) 43 5l & W FH &) 12 895 F 49
SRS 29 BRI B . RT-PCR B AR HAT A
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R & R A REFIREXT 2R (Hu
et al., 1993 ; J& I HESE , 2004 ; B HEFE 25,2009 ) sl il it
WEE (RN S, 2017) A TR (R XV ER R I
IR BE RS BR #015 . DAS-ELISA J& 1 )iz Ad IfiL
AR R e sE B T ARl (BTl %
A S HAFAER PR o PR, o T A B A b A )
] 220 BRI R AS T T B BE RIS AR [T RE R
RT-PCR Fl1 DAS-ELISA £ AR X} A48 B 2% 77 Xk
SRR 22 B A A TR, I T AR ER T (coat
protein, CP) J& R[5 41 % A6 0 1) 1) 9 15 1647 3R 45 iF
1653, IR HAst AR A8 S AB 0 , LIy 1] 22 95 B By
PR R A EE ST PR AL BRI AN AR SRR

1 MR 57*%

1.1 ##

BEREES 2018 4E 4—7 A R4 22 T2 X
== [ R AL B AR T 40 FURN L SR FEBE 553 1) 5
Rk (B 1D B E 22t R 53 403, b, 7N
i X 24 /3 (GZ001 ,GZ002 ,GZ003 .GZ-2-1 . GZ-2-2 .
GZ-2-3. GZ-2-4, GZV-1, GZV-2, GZV-3, GZV-4,
GZV-5. GZV-6., GZV-7. GZV-8., GZV-9., GZV-10,
GZV-11,GZV-12,GZV-13 .GZV-14 .GZV-15 .GZV-16
MGZV-17) ] INTATHEIRIX 2043 (ZC005.ZC-6 . ZC-7
ZC-8.7C-9.ZC-10. ZC-11, ZC-12 ., ZC-13, ZC-15.
7C-16.ZC-17.ZC-19 .ZC-20.ZC-21 .ZC-23 . ZC-28 .
ZC-29.ZC-30 F1 ZC-31) il 3k 17 6 £ (ST-1.ST-2,
ST-3. ST-4., ST-5 HI ST-6) Al # 5 1 &5 I & 3 iy
(WY001,WY002 FIWY003) . JGEEAFEI T A7
W R RS T80 CORAF 2 H .

Pt A Y « A RN BL Nicotiana benthamiana M
ARSI RAF IR, T 16 h ERE(25°C)/8 h 2RI
(20°C) AHRHESE 509%~80% (I3EF 5 his 55, (@
() TR [E 22 i R SR AR F T R4S LB e o5 el
G = AR B IR R B M R 1

]

GZV-14
B1 REHERUBRFRESHREZREREMH

Fig. 1 Collected representative Chinese Cymbidium leaves

GZV-12 GZV-13 GZV-17

with suspected viral symptoms

X7 : DAS-ELISA i 7 & (G gl ik | fbn
U (AR A S A DG A& A CymMV  ORSV
CMV .CaCV .BaRMV BH X I8 (35 45 45 Fhi 2 A0 40
B R 7R T A , 95 E Advanced Cell Diagnostics 24
) s KIGFFH Escherichia coli DH5 o B2 25 41 i A1
RNA #EHGLF &, RARA LR (650 A FRA F
cDNA % — ## A i i 5] & PrimeScript® 1st Strand
cDNA Synthesis Kit,Oligo(dT) 5|4 . DNA 453" 1
fitf PrimeSTAR® Max DNA Polymerase £ pMD18-T
AR, T H EAEYE AR (Jea) A R 7 DNA K IH
WA 37 G Fn TR/ N i B U 6, 2 R AR
E5 NI DE SN /NI P E N 567 Wi B SRS s v T2

XA : S810R 5 2 i ¥ VR B5.00 4L, 7 [ Eppen-
dorf JB 13 2 7] ; iMark i #5{% . T100 PCR 4" 3 {3 F0l
Sub-Cell #% ig 7K *F HL 7Kk & 4t , 55 [&] Bio-Rad 23 7 ;
JY04S-3CBER AR R G0, AL nUE B AR T K& A
RS
1.2 Fik
1.2.1 JA#fF CymMV F2 ORSV #) DAS-ELISA #2|

¢ I DAS-ELISA 12551 & 1 E Ui B 5, X R 4R
(1) 53 4y BAT SRR #EAE R A9 [ == it | 647 Cym-
MV FIORSV K. 5%, bR gz v (ToK
RTREM 1.60 g iR = 41 2.92 ¢ B AN 0.2 g,
ddH,0 FEZ % 1 L,pH 9.6) %K FHLE 1: 400 Bt b
ok, IR 5) G4 4L 100 pL i A B EEkRAR ik re
PR, 4CIRIFE o KGR TR A R
0.1 g & Ttk , Fie e AL 1210 i A SB1 il
2 PR (1240 B0 1 26 1 2.0 g X438 24 000~
40 000 5B Z ML IG AE i 10.0 g JC/K WAREREN 1.3 g
B EAEN 0.2 g E-20 10.0 mL, 1xPBST 28 g 1
%21 L,pH 7.3)MHES 2500 iR %2 1.5 mL B0 48
Tk B E RS RN LR Bl
PRBUIARLZE vhi , I PBST 28 il kA 4~6 Y, B L
BT 100 L AR DA it il 4 b 375 9 5 [l sk 3 12
CymMV 1, ORSV FHE X A& | L 5 (1) JC i 75 1§ 22
R B IR BEFL A 100 pL; 24460 CymMV
B U CymMV BHAA X BE #6300 ORSV Bif Ui ORSV
PR IE T MR 3R &, AR S N = i 21~
24°C A NI 2.5 hy SR 5 (5] et il s Al P R VRAAR
FH PBST 25 M Y M 6~8 ¥k, FH ECBI1 Bibrbi A ZE vh
W VA I AR 11 2.0 g HHX 43 5 24 000~40 000
R Mg BERi 10.0 g S A& LA 0.2 g, 1xPBST %
W EARE 1L, pH 7.3) , FRRFLLL 1: 400 i BEBEAR
Bk VRS G L 100 uL in A BN EE AR AR T, CHE
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PIE &N T E IR 21~24CIFE 2.5 h; R AR 5 i bR
M NI, I PBST 22 vhil e b 6~8 UK, FH PNP JIX
W (— 2B 97.0 mL A L6 0.1 g B A4k
102 g,ddH,O ERZ 1 L, FHERIR 4% pH %2 9.8) I
JIE 40 4- i 2 R 1 Wl 12 T3 TS0 1 MR B2 R 1 mg/mL B IS
YA IR S5 He 4L 100 L i A B EEbRAR T, ik
TR & AR 21~24°C 44 K BV 20~30 min,
FEANA 3 mol/L 1 NaOH 50 pL 2 FF2 i, I FH bR
IXAE 405 nm P K Tl E OD . 7EHH{A % IEFL OD
BN AE ™ it BT 4 Rl Y OIS 4)$L ODE<0.155 [H
P55 B8 OD {E/FA P X B8 OD {E>10.0) (5 L T , 1
P LA 28 20 W R e ) 245 SR 2 15 S BH A < PIN=
(P-B)/(N-B) . Hrpr, PN JykE 5 5 FPEXT R ODE
(I LCAE, P N B 43 ARG AL il B RN 2
P REAY 34N A2 LI X S5 OD (B . PIN<2.0
B, PIN=2.0 F R BAYE
1.2.2 X JRAR P 5 AP R 469 RT-PCR 420

T 35 UE DAS-ELISA Filll iy st , L K e
AN E CymMV F1 ORSV fH & L5 25955 i IR A 0 7
B BRI, DN 53 403 AR A Th B B 35 I T T
CymMV ,ORSV ,CMV ,CaCV F1BaRMV ] RT-PCR
RN ARG NCBLEE E AR i CymMV FIORSV
LR EY S BARSE X B, ] Primer Premier 5.0 4%
PRI 5 B op 2 AR SRS 1, I R )
4:(2017) 39 CMV . CaCV Hl BaRMV 45 5 5|
Pr(F 1), 6 35 A S AT 5 A 22 1) RT-PCR
R, 51X i AR AR AR (IR IR A FR A H]

G

T At R 1) 2 B AR [ R &Iy 1, FH B 4 e o
12243 51 3% Fl CymMV . ORSV . CMV , CaCV il BaR-
MV BHPE X B 5 2R 10~14 dJ5 205k 42 HoA i
AU BEMTRE AR (1) A CQ I RE i 7oA B X R, D fik
SR B ICHEEE E 2Lt R o BIPEXT IR . S I RNA 2
BRI G106 B 5 43 ) B b B BRI 3 35 3 - L BH
o} HE RIS X6) B AR 490 B RNA . FH Oligo (dT) 514
# Prime Script II™ 1st Strand cDNA Synthesis Kit i
1755 —4% cDNA WA . LA % 55k cDNA A4,
K H 45 58 op &N S 275 3L N Ubiquitin 55 5145
Y1(F DFATPCRY ., 50 uL WA Z 2.5 mmol/L
10xPCR 2% #f ¥ 5 uL . 2.5 mmol/L dNTPs 2 uL .
10 umol/L 1E JZ [a] 51 ¥ 45 1 uL ., % s i il cDNA
2 uL.2.5 U/uL Tag DNA R4 0.5 uL, ddH,0 £k
JE R 50 uLo S 44 : 94 C TS VE 4 min; 94 °C AR
45's,54~60°CiE k 45 s, 72°CHEfH 1 min, 30 MEFF;
72°CHHAEH 10 min, B3 pL PCR F=4) FH 2% E iR b
BERCHEATHL UK o 5 45 FF &b PCR 14 7 M) RE S
2] Ubiquitin 55 H ) 5571 , W56 8] cDNA B4R IE
A A5 T FH T BEAE (i 1 PCR 3734 7= e 40 5l
G0 3] JHC JT %k b7 1 9 R S e R B, WU B T T
CymMV ,ORSV ,CMV ,CaCV F1BaRMV f] RT-PCR
RN | W) 1E 5 2545 R i ) PCR A 3 7 My g Ao
M #| 5 CymMV ,ORSV ,CMV , CaCV &, BaRMV [
PR FEAE i — B0 25ty D8 W AR o 2 A
ST AR , I Z A5 200 75 o

%1 AT CymMV.ORSV.CMV,CaCV 71 BaRMYV #J RT-PCR #13| ¥
Table 1 Primer sequences used for RT-PCR detection of CymMV, ORSV, CMV, CaCV and BaRMV

JATE/HE A GIL/E S I (5'-3") B KR/ C FEHIR/INMbp

Virus/gene Primer name Primer sequence (5'-3") Melting temperature Product size

CymMV PCymMV-F CCTGGCGAGGGTTAAGTTAC 62 780
PCymMV-R GCCAGTAGTGGAAACAAACT 58

ORSV PORSV-F-1 AATGGTGTTAGTGATATTCG 54 606
PORSV-R-1 CCACTATGCATTATCGTATG 56

CMV Cm(F1) GATTCAGTCACKGANTWYGATAAG 56 494
Cm(R1) CTGGATGGACAACCCGTTCA 62

BaRMV Ba(F1) GAGCGGTAGGATCAGGAAAGT 53 369
Ba(R1) CTGGTGGTGTTGCTGAAACCT 53

CaCV Ca(F1) GGTGCAAGGCCTTTAATGCTRGA 56 236
Ca(R1) GAKGATTGGACTTTTAAGAGAA 54

Ubiquitin Ubiquitin-F CCGGATCAGCAAAGGTTGA 58 110
Ubiquitin-R AAGATTTGCATCCCTCCCC 58

1.2.3  CymMV.ORSV cp L F 57 5 R4ttt

R CymMV 15 B 4 2C29.ZC17,

7C23.GZV013 F1GZV015, 1K i ORSV 43 B W)
GZV009. GZV005. GZV006. WY002, WY003 #l
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ZC005 [ RT-PCR 4" 14 /=4 , il DNA Ji¢ [n] fie 24X
A g TR o aifk . SRS alfk B iY e B
123 pMD18-T kA& |, #Ab K #T " DHS o /%32 25
Y, PRICBH M e RE R B, 28 B PCRAG N i, 3
$5 3~5 > IEff 19 B v B TR G 57, FH B/ 4 B
R R EUTORE , 26 e R PR AR Rk (BRI A PR
N FIHEAT IR . FH NCBI ¥ 3 £ ORF finder 2 5
(https://www. ncbi. nlm. nih. gov/orffinder/) X} Jit il
CymMYV F1 ORSV (1 cp KK 51 (8 FF I e SEAE 4 7
T, M NCBI M % (https://www.nebi.nlm.nih.gov/)
T ECHGE R E G E L H A0 A E SR b
X938 53 CymMYV F1 ORSV 43 B 1) cp FPRIAZ AT iR
JE A AN 2 B R T8 . HAE L3R4 Clustal Ome-
ga (https://www.ebi.ac.uk/Tools/msa/clustalo/ ) ¥ ixX &b

T # A CymMV F1ORSV F cp He K P51 5 A 55 35
1R TR B cp R P A AT — Bt oM s AU
MEGA 5.10 #A4:%F NCBI [ 3 Fp A A5 () FTASHF 58 3R
419 CymMV K ORSV 43 & W) 47 56 T CP & JL 12
JEN ) R G AT R P R G
bootstrap {E 4 1 000, I o] {5 B /N T 70% HU{E

2 ERE5SH

2.1 J&HEHR CymMV. ORSVHDAS-ELISA #ilZESR

53 Oy HEIRE A 44 G RS Sk B 5 57 A
i R 83.02% , A1 14 (UK H CymMV, £ 19 >
A H ORSV, A 11 446t 4 CymMV F1 ORSV &
BARYE K R4y 5 26.42% . 35.85% Fl1 20.75%
(#£2),

R2 I"REEZHEF CymMV #1 ORSV B DAS-ELISA #7125 R
Table 2 DAS-ELISA results of collected diseased samples of Chinese Cymbidium for CymMV and ORSV in Guangdong Province

CymMV ORSV CymMV+ORSV P i
R ——— - rn 8- Q=Y IR 2
Location of No. of mﬁﬁ"ﬁ]?& AL FHPERE i 2 £ 2R % mﬁﬁ'ﬁjﬁ Ko 2/ Total no. Total
sampling samples I.\IO' of posi- Percentage NO' of po Percentage NO' of posi- Percentage Of positive  percentage
tive samples tive samples tive samples samples
JoMTHT X 24 5 20.83 9 37.50 5 20.83 19 79.17
Guangzhou City
TN I X 20 8 40.00 3 15.00 5 25.00 16 80.00
Zengcheng District,
Guangzhou
ki 6 1 16.67 5 83.33 0 0.00 6 100.00
Shantou City
SR E 3 0 0.00 2 66.67 1 33.33 3 100.00
Wengyuan County
J3t Total 53 14 26.42 19 35.85 11 20.75 44 83.02

Herp N T T X 24 0 RE R 19 3 A A
BEAE , 6 B B K HH RN 79.17% ., Horb B 5 4 RE S
GZ-2-3.GZV-7.GZV-10,GZV-13 Fl GZV-15 1K Hi
CymMV, A 9kES: GZ-2-1.GZ-2-2 .GZ-2-4 GZV-1,
GZV-3, GZV-5, GZV-6 . GZV-9 Fl GZV-12 {L #;
ORSV,H 5{3#Eh GZ001 ,GZ002 .GZ003 .GZV-2 Fll
GZV-11 £ i CymMV 1 ORSV & G244, K H R 5
1 20.83%.37.50% H120.83%., £ 5L GZV-4.
GZV-8.GZV-14 .GZV-16 fll GZV-17 A4 i CymMV
B ORSV(5£2).

TN G IR X 20 s i vh A 16 1y s il Sy B
PR RRERG 38 80.00%, Hidr A 8 3Ffdh ZC-10,
ZC-12 ., ZC-17, ZC-19 . ZC-21 . ZC-23 . ZC-28 i
ZC-29 {LK H CymMV, A 3 {3 F i ZC005 . ZC-6 Al
ZC-11 1K ORSV, A 51 FE 5 ZC-7.2C-8 . ZC-9

ZC-13 F1ZC-15 ¥ 1) CymMV F1 ORSV & A 12 4L #5:
HRAY 58 40.00% . 15.00% F125.00%., A 44 FE 5
ZC-16,ZC-20, ZC-30 F1 ZC-31 K K i CymMV 1§
ORSV(#£2),

WSk 6 Byt rh A RS ST-6 46 i CymMV,
HA 5 FE i ST-1~ST-5 1K i1 ORSV, £ i #4531
}16.67% F183.33% , 3 B A H 50 100.00% . 7
KT AVREL 300k A 2 03 WY 002 FTWY003
UK HH ORSV, 1 ) ¥ 5 WYO001 £ i1 CymMV Al
ORSV & &4y, ¥ i 2843 51 K 66.67% H133.33%,
PR RS HH N 100.00% (£ 2) .

2.2 HXFEHEP SHFESH RT-PCREGNE R

PEH 35 BEAFESES T CymMV . ORSV .CMV
CaCV F1BaRMV [ RT-PCR K&l , 45 5 i /1%, 5 Cym-
MV FIORSV S, KA B EhdE. 35 My
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5 CymMV HeR B Bi—3401) 780 bp i1k &7
I RE A 254, 4345 ST-6.2C-30, ZC-29 . ZC-28 .
7C-23.7C-21.ZC-19,ZC-17.ZC-9 . ZC-12 . ZC-10,
ZC-8.ZC-7.GZ-2-3.ZC-31 .GZV-2 .GZV-7.GZV-8.
GZV-10.GZV-11,GZV-12.GZV-13 .GZV-14 .GZV-15
MGZV-16; 9 145 ORSV Hbp A Be—3hY 606 bpH
SRl I RE R A 104, A1 45 ZC-8 . ZC-7.ZC005 .
WY003, WY002 ., GZV-2, GZV-5, GZV-6 . GZV-9 Al
4 5 6 7 8 9

GZV-12; [A] 434 1 5 CymMV A1 ORSV H#x A B
—FUNRE SRS IR 4 4045 ZC-8 . ZC-7
GZV-2MGZV-12;4 5 ZC-16 .GZ-2-1 .GZ V-4,
GZV-16 F1 GZV-17 A9~ 4 BTAn B br 457k (K 2) o
SR T F 35 ek R 3 30 0 RE SR R R, B
K R R 85.71% 5 Horp A 21 3K CymMV,
6 1 {3k Y ORSV, A 4 /3£ Hi CymMV FIlORSV &
BRY K HRSH 60.00% . 17.14% F1 11.43%,

10 11 12 13 14 15 16 17 18 19

CymMV ¢p

ORSV ¢p

Ubiquitin

M P 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

CymMV ¢cp

ORSV ¢p

Ubiquitin

M: Marker; 1: ST-6;5 2: ZC-30; 3: ZC-29; 4: ZC-28; 5: ZC-23; 6: ZC-21; 7: ZC-19; 8: ZC-17;
9: ZC-9; 10: ZC-12; 11: ZC-10; 12: ZC-8; 13: ZC-7; 14: GZ-2-3; 15: ZC-16; 16: GZ-2-1; 17
ZC005; 18: WY003; 19: WY002; 20: ZC-31; 21: GZV-2; 22: GZV-4; 23. GZV-5; 24: GZV-6;
25. GZV-7; 26: GZV-8; 27: GZV-9; 28: GZV-10; 29: GZV-11; 30: GZV-12; 31: GZV-13; 32:
GZV-14; 33: GZV-15; 34: GZV-16; 35: GZV-17; P: BHEX I Positive CK.

B2 ImHREEZRFEEF CymMV 1 ORSV B RT-PCR il 25 58
Fig. 2 RT-PCR detection of CymMYV and ORSV in the Chinese Cymbidium of diseased samples collected from Guangdong Province

2.3 CymMV.ORSVH cp EEFFIFIRGHN DT
2.3.1 CymMV # cp K B 53 Fo 2 it AL 57
254 RT-PCR Fl DAS-ELISA YA 25 5 | 1%
K CymMV 43854 2C29 .ZC17.2C23 .GZ V013
FIGZVO15 1T cp FEH T Je R T, 45253
7R, CymMV 73 B WY cp L JfS 751112124 672 bp,
o0 2 A% 223 AN R PR 2H B Y CP, 5 2 4B 1Y
CymMV 1 cp FER P I B —35 . X LRI AA] 1)
CymMV 73 B4 cp BEIAL IR 751 S ity i 1 2 2

12 15 51 [] A 43 50K 89.73%~100.00% F1197.31%~
100.00%. H:H3E54) 2C-29 5 GenBank F HE 301
CymMV 43 &5 W1 19 cp 5& B 17 12 7 51 A5 0L 14 R
89.73%~98.66% , Z fith £ 1 2 55 1R )7 51 AH L 1 hy
97.31%~100.00%; =& *= 73 5 ) ZC29 . ZC17 1 ZC23
5 HARFRFR L7028 Cat BHE S0 250254 ONK26
I E 2 B 5022 0 B4 SMi2 Y CP & LR 41 58 4
— 3 (F3) . £ ep HHPINIER A AR ML X A2
FH CymMV 53 E5 W8] 15 BEORST
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R3 KARKEBH CymMV 5 BEH5 GenBank HEE CymMV 2B cp B EH F 5L 8
Table 3 Similarity comparison of ¢p gene sequences of CymMYV isolates obtained in the present study
with other isolates in the GenBank database
FF AR/ %
I3 EH) By En K5 Sequence similarity
Isolate Accession no. Host Isolated region YA IR
Nucleotide Amino acid

ZC29 - )& Cymbidium fEJ) 4 Guangdong, China 100.00 100.00
ZC17 - 228 Cymbidium W [E )" %% Guangdong, China 98.21 100.00
7C23 - B 2JE Cymbidium FEJ A Guangdong, China 98.21 100.00
GZV013 - 228 Cymbidium W) %% Guangdong, China 97.92 99.10
GZV015 - 2 )& Cymbidium FE) 4 Guangdong, China 97.62 99.55
Cat AY376391.1  RF¥F2ZJE Carttleya HZ Japan 98.51 100.00
Cephalotaxus HQ681906.1 |42 )% Phalaenopsis  ™[E China 98.66 99.55
CHN-HBWH21 DQ067880.1  #&>:J& Cymbidium FFE T Zhejiang, China 90.18 98.65
Christiecara Ramiah AF405724.1 - BT Singapore 89.73 97.76
CK27 AB541536.1  H>%JE Cymbidium i [ South Korea 98.07 99.55
C-LZ21 KP137372.1  ¥FE22JE Calanthe H 7S Japan 97.47 99.10
Cy BULBOPH MOGI CR  KX960748.1  &.%J& Bulbophyllum LY Brazil 94.20 99.55
CYKI15 AB541548.1  H%J& Cymbidium [ South Korea 90.77 98.65
Hangzhou FJ858205.1 2 )E Cymbidium FhE TN Hangzhou, China 97.92 99.55
Dendrobium Saleha AF405728.1 A1 f§h>%)@ Dendrobium  Hiji¥% Singapore 96.88 97.76
gdl AY360408.1  H*%JE Cymbidium ") %% Guangdong, China 97.92 99.10
GDDHLC5 GU295173.1  #*%J& Cymbidium W [E ) %< Guangdong, China 98.07 99.55
Guizhou CPO1 KF225473.1 - A E$5 0 Guizhou, China 96.88 99.10
Kagawara Red AF405726.1 - HNdE Singapore 98.07 99.55
Kebun Raya Bogor AB693983.1  HL*:J& Cymbidium E[ B JE V. Indonesia 97.47 97.31
KMMLC2 GU295171.1  #&>%J& Cymbidium rhE R Kunming, China 97.92 99.10
Korean type 2 AF016914.1  #%J& Cymbidium [ South Korea 98.21 98.65
M2 EU314803.1 - [ 575 Taiwan, China 98.07 98.21
NHRIK | AY050649.1  FE>%J& Cymbidium 5 [H South Korea 90.33 98.65
NIHHSK?2 HQ644132.1  #5>2J& Cymbidium #5[E South Korea 98.51 99.55
NJ-1 JQ860108.1 WM~ J& Phalaenopsis " [E China 98.21 98.65
ONK26 AB541573.1  SCL2%JE Oncidium % [# South Korea 97.62 100.00
Orissa Epidendrum AJ871374 W 22)@ Epidendrum E[J & India 97.47 99.10
Phaius tancarvilleae AJ564562.5 W %2J&E Epidendrum E[IJ¥ India 97.02 96.86
SCDXZC4 GU295172.1  #&>%J& Cymbidium FREPYJI Sichuan, China 97.62 99.10
Singapore 1 AY049770.1  KJE>%)@ Renanthera  Hifii¥% Singapore 98.07 99.10
Singapore 2 AY049769.1  KJi>2J8 Renanthera iy Singapore 98.21 99.10
skt1 AJ581997.3  RRi2JE Cattleya EfJ¥ India 98.21 98.65
SMi2 AMO055640.2  $122J& Paphiopedilum  "PEZ B Yunnan, China 98.66 100.00
Taiwan AY571289.1  2:#} Orchidaceae A [E 4575 Taiwan, China 96.88 98.65

RGBS HT BR L 35 CymMV 43 55 ) 7]
WK FIANEBEL A (E 3), KBIA 5K
WHEA R B, AR5 IRAGHI CymMV 4324 2C29 5
Bom3  HA i E B E ) CymMYV 2 B Y
REFWREA; 534844 CymMV 43 B ) 2C17 .
ZC23 .GZVO13 FIGZVO015 B35 K R, 5K H

] R ASHEET I S K CymMV 23 )
RETWAEB. AHFTIIRIGI 8 W RRAER
HEL, (LR A NB 73 B 9 04 A £ A6 5 [ 22 )
W2 KRR 2 ARE Y . R CymMV
R L5 5 BRI IRIR ZR
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99 — M2/Taiwan, China (EU314803.1) S
L NIJ-1/Phalaenopsis sp./China (JQ860108.1)
Singapore 2/Renanthera/Singapore (AY049769.1)
sktl/Cattleya/India (AJ581997.3)
@ 7C29/Cymbidium/Guangdong, China
CK27/Cymbidium sp./South Korea (AB541536.1)
_|: ed1/Cymbidium sinense/Guangdong, China (AY360408.1)

‘Ij Cat/Cattleya sp./Japan (AY376391.1)
SMi2/Paphiopedilum/Yunnan, China (AM055640.2) LA

100

100

H Dendrobium Saleha/Dendrobium/Singapore (AF405728.1)
_|— Kagawara Red/Singapore (AF405726.1)

Singapore 1/Renanthera/Singapore (AY049770.1)

ONK?26/Oncidium sp./South Korea (AB541573.1)

1 99 GDDHLCS5/Cymbidium/Guangdong, China (GU295173.1)
4‘jMMLC2/Cymbidium sinensis/Kunming, China (GU295171.1)

0.01 SCDXZC4/Cymbidium/Sichuan, China (GU295172.1) Ml
NIHHSK?2/Cymbidium/South Korea (HQ644132.1) J

91 ® ZC17/Cymbidium/Guangdong, China

@ 7C23/Cymbidium/Guangdong, China
73 ® GZV015/Cymbidium/Guangdong, China
@ GZVO013/Cymbidium/Guangdong, China

93 — Cephalotaxus/Phalaenopsis/China (HQ681906.1)
C-LZ21/Calanthe sp./Japan (KP137372.1)
Hangzhou/Cymbidium/Hangzhou, China (FJ858205.1) B
Taiwan/Orchidaceae/Taiwan, China (AY571289.1)
Korean type 2/Cymbidium/South Korea (AF016914.1)
Guizhou CP01/China (KF225473.1)
Kebun Raya Bogor/Cymbidium/Indonesia (AB693983.1)
Orissa Epidendrum/Epidendrum/India (AJ871374)

Phaius tancarvilleae/Epidendrum/India (AJ564562.5) J J
Cy BULBOPH MOGI CR/Bulbophyllum/Brazil (KX960748.1) I
Christieara Ramiah/Singapore (AF405724.1)

—— CYKI15/Cymbidium sp./South Korea (AB541548.1)
7 99 — CHN-HBWH21/Cymbidium/Zhejiang, China (DQ067880.1 )
NHRIK1/Cymbidium sp./South Korea (AY050649.1)

I

B3 BT CPRERF I UMBRERE CymMV B3 B H RE B R
Fig. 3 The neighbor joining phylogenetic tree of CymMYV isolates structured based on CP amino acid sequences
NI A 2 WA EORIR (B 5%5) o ZEIEARC o W I AFTE N E FP 81, R BRI T 70% SRR R EUE

The description is represented as the isolate/host/origin (accession number). The diamond indicates the sequence obtained in this

study, and bootstrap values below 70% are not shown.

2.3.2 ORSV & cp A B 77 v & SRt AL 5341

454 RT-PCR H1 DAS-ELISA K645 5 | 4841
¥ i ORSV 943 B 41 GZV009 . GZV005 . GZV006
WY002 ., WY003 Fll ZC005 47 cp KL 551 5 R 48
P, 255 R, ORSV 23 B W) cp KR 4 i J 7
G135k 477 bp, TN Z % 158 2 B 1R 2H 1Y Ab
FeEH, 5 EHIE R ORSV cp £ H K FE—5,
H5HEREZER 374 ORSV 53 B4 cp FL K FE47 51
Bl X R0 ) 1 43 M, 2 B LA R I 0 AR AL Sy
96.65%~100.00% , 2 1% 25 11 28 H: 12 1y 91 AH AL 1 A
93.67%~100.00%. H:rv, 7324 GZV009 5Bl e

VU A4 S0 22 43 B9 W) TAIP Jakarta (1) cp K2 DIA% AT R
F 5 B 11 SE R 7 A AR R B AR, 43001 R 96.65%
193.67%;GZV009 52N E ()7 &R . BTE) (B
i1 [5] () ORSV 43 B3 W) cp Fk PR A T 1R Al 4 1) 2 14
IR F SRR By, 43501 R 99.16% #1198.10%
(#£4); HIrE W 2C005 AT WY003 (1) CP & IR JF
G 5E4—5, FB ORSV B cp = K A HE A ] 5k
U5 Hh AR AT 3245 B P Il 24 e B AR ST o

ARG AT R B, 431 ORSV 4 & 4]
RBAEM2ANKBEIAL(E 4) . AIFFEH 64 ORSV
Y ESHI WY 002 ,.GZV009,.GZV005 .GZV006. WY 003
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F1ZzC005 520 [ R i | EEE JE P Y A 45 [
F A ORSV 73 B W AL IZEHE , HIZSHEH ORSV

W P ALEE [ 2L A RE S R % S5 S A
R4 FHARIFBH ORSV HEW S GenBank HEE ORSV 2B 418 cp EE FFIRIUE LR

Table 4 Similarity comparison of ¢p gene sequences of ORSV isolates obtained in the present study

and other isolates in the GenBank database

Y1, Ui ORSV AR - n] RE- 5 7 T FP2EA
MR R A K

JF AR %
EWY) e a2 FHE 15 Hly Sequence similarity
Isolate Accession no. Host Isolated region PR SRR
Nucleotide Amino acid

GZV009 - 2R Cymbidium "PE 4% Guangdong, China  100.00 100.00
GZV005 - 2R Cymbidium "PE 45 Guangdong, China 99.16 98.10
GZV006 - 2R Cymbidium "PE 45 Guangdong, China 99.16 98.10
WY002 - B2 )R Cymbidium "PE 48 Guangdong, China 98.74 98.10
ZC005 - E 2 g Cymbidium ") % Guangdong, China 99.16 98.10
WY003 - )& Cymbidium FE) 4 Guangdong, China 99.16 98.10
TAIP Jakarta AB693990.1 (L% )& Oncidium E[1J& R P43V Indonesia 96.65 93.67
CHN-HNZZ03 KU873002.1 8|42 & Phalaenopsis ~ "[E China 98.74 94.30
Isolate 2 AF406771.1 2 >%J& Cymbidium #[# South Korea 98.32 96.20
XM2 MF034076.1 W82 )& Phalaenopsis "1 [Effi & Fujian, China 98.53 96.20
2243a AJ429093.1 - [ Germany 98.95 96.84
ORSV AF405727.1  #>2)8 Epidendrum %[ South Korea 96.65 96.84
Gunung Sindur AB693988.1 £ >%J& Dendrobium E[1 3 JE V5 V. Indonesia 98.95 96.84
GZ1 KF836063.1  H{*2J& Cymbidium FPE M Guangzhou, China 98.53 97.47
GZ7 KF836081.1 Wik~ )& Phalaenopsis  "'[E ] M Guangzhou, China 98.53 97.47
KO-31 AJ606107.1 W% & Phalaenopsis  #i%E South Korea 98.53 97.47
Le 98-745 AJ429092.1 - 5[ Germany 98.74 97.47
O PHALAEN MOGI CR  KX960755.1 - [ 74 Brazil 98.74 97.47
0-L722 KP137380.1 HF& %)@ Calanthe *H [E PG Tibet, China 98.53 97.47
ORSV 2 AF406778.1  Jift% Aranda BN Singapore 97.90 97.47
ORSV AF406775.1 W2 )& Phalaenopsis W1 [E A1 Taiwan, China 98.95 97.47
Sikkim FJ372909.1 3 >%J& Cymbidium E[1J¥ India 98.95 97.47
CK1 AB541474.1 =) Cymbidium i#i[E South Korea 98.95 97.47
Cy-1 S83257.1 2 )& Cymbidium H 7 Japan 98.74 97.47
853 AJ429094.1 - f5[% Germany 98.95 97.47
ORSV DQ139262.1 H{*2J& Cymbidium rh[E 47 Taiwan, China 99.16 98.10
FS12 KF836075.1 W18 >2 )% Phalaenopsis W EWELL Foshan, China 99.16 98.10
gd KF836084.1 )& Cymbidium "PE 48 Guangdong, China 99.16 98.10
Guizhou CPO1 KF225471.1 W2 & Phalaenopsis " E 5 Guizhou, China 98.95 98.10
GZ4 KF836078.1 WM 2)& Phalaenopsis  H ) M Guangzhou, China 99.16 98.10
GZ5 KF836079.1 WM 2)& Phalaenopsis  HE ) M Guangzhou, China 98.95 98.10
ONK17 AB541521.1  3CL2%JE Oncidium i [E South Korea 98.53 98.10
ORSV:CP MG821323.1 M2 )& Phalaenopsis  ENJ¥ India 99.16 98.10
China AF455274.1 > g Phalaenopsis H1[E China 99.16 98.10
ORSV AF455273.1  WME 2 JF Phalaenopsis  #li[E South Korea 99.16 98.10
NHRIK 1 EU683879.1  #i>2J& Cymbidium i#i[E South Korea 99.16 98.10
SW8 KF855954.1 - TRAFNI Australia 98.74 98.10
Taiwan DQ139262.1 %%} Orchidaceae 1 [E 4575 Taiwan, China 99.16 98.10
Singapore-1 U34586.1 - BN Singapore 98.95 98.10
NIHHSK2 HQ644131.1 1>~ )& Phalaenopsis %% [E South Korea 98.53 98.10
ORSV E04305.1 022 @ Oncidium [ 7% Taiwan, China 98.95 98.10
Fujian EF632298.1 - 1 [ #5 % Fujian, China 98.95 98.10
CYK3 AB541489.1  #:)E Cymbidium i [E South Korea 98.32 97.47
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0O-LZ22/Calanthe sp./Tibet, China (KP137380.1) B
| [ ORSV/Epidendrum/South Korea (AF405727.1)
SW8/Australia (KF855954.1)

CYK3/Cymbidium sp./South Korea (AB541489.1)
Guizhou CPO1/Phalaenopsis/China (KF225471.1)
¢ GZV006/Cymbidium/Guangdong, China
2243a/Germany (AJ429093.1)
ONK 17/Oncidium sp./South Korea (AB541521.1)
Cy-1/Cymbidium/Japan (S83257.1)
ORSV/Phalaenopsis/South Korea (AF455273.1)
GZ5/Phalaenopsis/Guangzhou, China (KF836079.1)
Taiwan/Orchid/Taiwan, China (DQ139262.1)
ORSV/Oncidium/Taiwan, China (E04305.1)
¢ GZV005/Cymbidium/Guangdong, China
Isolate 2/Cymbidium ensifolium/South Korea (AF406771.1)
FS12/Phalaenopsis/Foshan, China (KF836075.1)
XM2/Phalaenopsis/Fujian, China (MF034076.1)
¢ WYO003/Cymbidium/Guangdong, China
Singapore-1/Singapore (U34586.1)
Le 98-745/Germany (AJ429092.1)
China/Phalaenopsis amabilis/China (AF455274.1)
GZ7/Phalaenopsis/Guangzhou, China (KF836081.1)
NIHHSK2/Phalaenopsis sp./South Korea (HQ644131.1)
CHN-HNZZ03/Phalaenopsis/China (KU873002.1)
ed/Cymbidium sinense/Guangdong, China (KF836084.1)
¢ ZC005/Cymbidium/Guangdong, China
Fujian/Fujian, China (EF632298.1)

¢ GZV009/Cymbidium/Guangdong, China

853/Germany (AJ429094.1)
¢ WYO002/Cymbidium/Guangdong, China

Sikkim/Cymbidium hookerianum/India (FJ372909.1)
NHRIK1/Cymbidium sp./SouthKorea (EU683879.1)

0002 | KO-31/Phalaenopsis/South Korea (AJ606107.1)
— | ORSV 2/drandal/Singapore (AF406778.1)
ORSV:CP/Phalaenopsis/India (MG821323.1)
O_PHALAEN MOGI CR/Brazil (KX960755.1)

CK1/Cymbidium virescens/South Korea (AB541474.1)
GZ4/Phalaenopsis/Guangzhou,China(KF836078.1)
ORSV/Cymbidium/Taiwan, China (DQ139262.1)

GZ1/Cymbidium sinense/Guangzhou, China (KF836063.1) .
——— ORSV/Phalaenopsis/Taiwan, China (AF406775.1)

TAIP Jakarta/Oncydium sp./Indonesia (AB693990.1) | II
I Gunung Sindur/Dendrobium sp./Indonesia (AB693988.1) ]
B4 BT CPRERF T UMIEELE ORSY B3 BEWHI RGHH LR
Fig. 4 The neighbor-joining phylogenetic tree of ORSV isolates structured based on CP amino acid sequences
K N A FRRIE N 7 /35 EARIRCE 5 ) o ZEIBARIC O B N AW E P81, R R T 70% SRR EUE
The description is represented as the isolate/host/origin (accession number). The diamond indicates the sequence obtained in this

study, and bootstrap values below 70% are not shown.

3 iTig ] 22 P 525 R SRR, 4 2.2%~11.8% . ASBIFTE K
PR R4S [ 22 KR b CymMV FIORSV I A4
1 20 T2 90 SEARLIOK , FINSPERBITIRIN sy 20,7500, 35 85 TS I 5 4 RO 6 3
CymMV Fil ORSV J& fie 225 09 22 AL S F0H IR, gy 4 524 52 4R CymMV I ORSV FY LA
X2 Pl 15 AL A (R U =2 AE (Jensen, 1970; I EIRE e i #a 4. Ajjikuttira et al.(2005) B 5045
24,2004 BHERAF,2009) . KBFAF(200DX T ARE m CymMV 19iE 3178 [ fiE 5 ORSV [ CP H {E,
SAEK R AR A R R T, AN [ RS b B R R A A A PR N RS 3 , i EE R HE
J&t CymMV HIORSV [y FLR A 4.1%~10.8% M0 H 2 qpffady . 22 AERERG O 52 2, LB LR A
EIHESE (2004) BOR AT ARB B LIS A 1S3 65 B SRIE R S5 AR , %45 BRI I B 245 20
[ 22 R AR I 2 2 3 4E o CymMV HTORSY  FIEL I 2 A ARV L 1% Rl i sk R A B
ARG W E AR AF (2009) XV 2 AR TR Wig 2. R, 55 N5 CymMV 1 ORSV 7E
R 2 R B, R 22 IR 22 5 G R CymMV AL R [E] 2246 b AN ] A U (R e PR R0 A I Bt
ORSV Y LA 1K 66.7% F156.7%, i sk 22 2245 MIBFEBORBIOFTERIHE, ) R A 2248 ML K
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2 RHEIIE b A B ORI R CIR BRI 5
2015) , AT 30 FAE I B AR Y , L FEAT R B 8
Rhabdovirus &AL 5 EE @ Tobamovirus . 245 2
Y J B J& Potyvirus 35 Jifi BE 229 5 J& Tospoviruses
25 (Wong,2000) . {H [ P X 22 45976 B0 1 8 IS
T CymMV H1ORSV, HI 10 4E36 X)) KA
22 PRI BRI I R A ARSI LT R WLAGE . ABFSEIR]
Fsf % F RT-PCR M DAS-ELISA 4% R X |~ R 44 [H 2%
Fo 7 DR YL A 1 ] AR SR A TR, R B
B J5 A 4 CymMV F1ORSV, K & # CMV . CaCV
I BaRMV G B EE A, (A7 BA M 85T
S5 B 1 R IR A A L A 16.98% A it
GZV-4 .GZV-16 .GZV017 . ZC-16 55 A K H 9k 7 o
U 0T, TR PEAE (2019) DA AR 48 198 LU T JILAE DX 1) ) e
2ERISC0 22 EE K CaCV, H &S R 5 10%.
CaCV TEM R b 3 sUBESE AL IRBEEBE AT, 52
Wi 22 AE WL E A . PRI, ASBIF T v oA S R AE R A
DR BE AR &G, AT RE & A CymMV ,ORSV .CMV |
CaCV Fl BaRMV ZAMHT = AR EEAN S, S R T 2
18 By e 38 F P SR AL P AR B e — A A A I . ©
I, A= B 1A R4 2 7 16 X5 R 6 20 415 G . 25 3k
B Hm B 2 Bh I i) 0 SEAL BRI (5 4% (T
PHAE,2019) o X =2 4600 #5:0 1Y Bl 45 S AR89
FIEER, A R R SR Y R L . R, T
ZiAria MR FBoxt 2 A6 Rpm A T 407 L 1)
SASAI , FE X 22 A0 P SR AT S T T4 o

ARG EER BR , CymMV 1 ORSV F cp F: [H]
FAT TR T 91) K Gt B 11 28 B2 ) 9 Ak 1 AN ) i X
FURIRI2F 0 53 B ) i BE RS, W CP 2 SE 1R )7
SIFRITE 5K T 97.31% F193.67%. 5 B HIE /Y
CymMV 4 B WAL, AR 53 B WY CP 2 SE 1R
G RIEE T3k 96.29% LA _F (JE [E#E 45, 2004) , 5
TETE 2253 BN ep FE DR 2 i 2 (2 3L 1R 7 91 [R) D
PEIIIR 95% VL b (ZE8 55 ,2014) , SACF 5T 45 51
—F. [E N X ORSV AR B W) cp Fe K A9 k8 48
D ARHFGEXT 61 ORSV 70 B W) cp FE IR P4 4T T
FEXE AT, Bk AR E (7 R RIS B B TER
i E 1 24 ORSV 73 B W) R 4 K R el , ¥ 11 e F
Yt B VSR T A AR LR Y B L 4300 R 99.16%
M98.10%. XK Jy it — TR A M AT ORSV Ryt f%
LA BGRE LB EZE 2 F R . CymMV Al
ORSV (1) CP YE N HME— &5 & 1, vl L R0 e

YA A T SRR, SIS B R R A E A
1M SE B XA 9 1) &R 48 4= 4% (Maule et al., 2002) o
CymMV F1ORSV 1 cp F K741 31 ELAT 55 8 g [ U
P, U A [A] 9 905 25 43 25 0 T e 5 A AE LAY BUs
P£, [0, CymMV FlORSV 1) CP ¥.(£) va i 4
il 4 , LA B KL T CP-RNAI B4 LN 40K (0 F 2, 2475
S 2% cp F K7 50 AR, A F 55 285 S 0T R I &k
CymMV 1 ORSV Kl fi i i) il 25 1 35 & BUiw 289
LA —E SR
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