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 ZE. BNEMHE (Cucumber mosaic virus, CMV ) J&—F Al R | WA WG RE, 18 EVEHEET
17 o ARBFSTEN X 22 e I RAE MRS T 2 P U AR . R St seat 38 68 i PCR ( RT-qPCR) Hl R #5534
M FERY I (RT-LAMP ), RT-qPCR R TagMan #54H%, RIEIN5EEEH (coat protein, cp) FEFE FE5FF 51 15|
Yy B ER, op SORE R R AR E S ST AR E B 4 5 RT-LAMP R4 D cp 38 BRI SF KO B 11 L 4h518; LL CMV
#2278 0% 3 ( Cymbidium mosaic virus, CymMV ). 15 2% ¥R BEH5 3 ( Odontoglossum ringspot virus, ORSV ) {5 # RNA
F MR 4T RT-qPCR M RT-LAMP RS PEAGIN 5 DL 10 586 BE R B 1Y CMV RNA SR AR #E 47 R BRI 5 5 2 #hoy
X H [B] 22 FERE FL AT CMV SR B W . 25 R R . ARIFSEE#SI A CMV RT-qPCR. RT-LAMP 6 %X BE A
CMV PHPERINR , FEARBIARAIM S R I, 2 ROy i B AR ; RT-qPCR 5 RT-LAMP [ R —2, HIEK
Fi ke 100 £ 5 HIR] 22 AERE LG CMV BHPE R BRAS HH 3618 26.7% . X R BA A58 #5719 RT-qPCR Hl RT-LAMP 35 BL.A7
PRI . REUE SRR, HAE G SR AR 7 AR b W 22 AR CMV B L .
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Establishment and Comparison of Two Methods for Detecting Cu-
cumber Mosaic Virusin Orchid
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Abstract: Cucumber mosaic virus (CMV) is a virus that can infect various monocotyledonous and dicotyledonous plants.
Two efficient detection methods for CMV in orchids, real-time quantitative PCR (RT-qPCR) and reverse transcription
loop-mediated isothermal amplification (RT-LAMP) were developed in the study. For RT-qPCR, a TagMan probe-based
assay was designed using conserved regions of the coat protein (cp) gene, with a cloned cp plasmid serving as the stan-
dard for calibration curve construction. For RT-LAMP, specific inner and outer primers were designed based on the cp
gene conserved sequences too. Both methods specificity detection were performed using virus RNA from CMV, Cymbi-
dium mosaic virus (CymMYV), and Odontoglossum ringspot virus (ORSV) as templates, and for sensitivity detection was
performed using 10-fold serial dilutions of CMV RNA as a template. Additionally, field-collected orchid samples were
screened for CMV infection using both techniques. The CMV RT-qPCR and RT-LAMP detection methods established in
this study detected only CMV-positive samples without cross-reactivity with CymMV or ORSV. The sensitivity of RT
qPCR and RT LAMP was consistent with a dilution of 10° times the original solution. The positive rate of CMV in field
orchid samples was 26.7%. The results demonstrate that the RT-qPCR and RT-LAMP established in this study have strong
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specificity and high sensitivity, and are suitable for monitoring CMYV infection in orchids in actual production processes.
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A B AR S OB M E R Sl . AR
K, FRE AL b A& R, (B Fp i L A —
R AR Y AL RE AT AR ™ Ml T i 51 XL
B o o dme i UL B S 2% A6 9% 7 ( Cymbidium mosaic
virus, Cym MV ), 2455 ( Odontoglossum
ringspot virus, ORSV ) 4k, ¥ JK fE Mt %5 5
( Cucumber mosaic virus, CMV ) % & i BE % JiX
Y22 4p 1 A 55 7 Cucumber mosaic virus,
CMV) J& T2 LM 5#EF} ( Bromoviridae ), 21
A6 75 J& ( Cucumovirus), 7EAH P95 # 18 3
WHERK, B MR RKEYWRET 5 414,
AEfEIZ 4L 100 ZF} 500 ANJE MY 1300 ZFpHEY)
1 B S A 7 OB AE ) R B 0 B RE
T % o S e e O | N L S
EMTHEY F, CMV o] T2 5 i AN il
KERG ., BB ABIER SBENA R
EHHY CMV 15 5 (82 R T 3 1 B
HFBE AR, HIEXT CMV B0 5T £ 5
AE v TR W 1 U O R AR T
P OISy L AR R BT LA 4
e ApEG It B EE Mg e
ORI K oy T sk 220 4 5k
AR ERAE R R, 5 LT, EEmE
IARAEIA T ™, JE A S5 5 H 450 A 00 BB 7 L.
Fri kA, (EXTEARE RS, A LT, B
Prag B 5t S p kI ke B R Sk vy L B
M, (ERG BT PR, &5 IR B
HBAR R, NGHET; o FEYS R0k R
SeVETR, REE R, N T 2R S Y
R R . CMV 195 T Akl Oy i 2 A i
BT AAR R 22 AR Y CMV 12> TR 2R
Wik b

AT LUBRGL 2401 CMV cp £ K H 1 3E
#HS T — 1% RT-qPCR & RT-LAMP £ 5712,
DIE PR | A7 20 H W 2% A8 AL A 7= v CMV
JERYLE D, D CMV SR 252k

1 MBS
1.1 ##
5 NAE 582 ( Cucumber mosaic virus, CMV ).

% % I BER 7%  ( Odontoglossum ringspot virus,
ORSV), 2Ab#E =M% ( Cymbidium mosaic
virus, CymMV ) 2k H 3 Agdia AR M ARSET AR
PR 2EF ST AR

RNA £HUX#]4& ( SteadyPure Virus DNA /
RNA Extraction Kit ), BUhifif&ilil e . —2k
RT-PCR X7 & . —2& RT-qPCR X5 & . iR
Ykl GoldView W H 3R am AW TREA FRA ] 5
PCR Wy afifbil &l B RARA AR (dbnt)
HIE/AF; WarmStart® LAMP i£7%4& ( DNA &
RNA) Iy H AT IRA R 5EkE Bkl pMD-20T
JAZAS YN DHSe W A EAY T/ (Kig) AR
YN

F B A LS M R R A B A
( BioDrop DUO+, HEMMARATR ), 2ta
it PCR 1 ( QuantStudiol, ZENHAY RS
Al ), BERZ RS0 (Biospetrum AC 410, [
UVP A+ ), B (DYY-12, dtmix—4Ya
PR F] s
1.2 FiE
1.2.1 3l4p3%#t M NCBI F# CMV cp R F
1, FIH ClustalX HXtfE, 35 BERSEF 215 H
PrimerExplorer V5 &1} LAMP 71514, FIH
Primer Primer 5.0 #K {1l RT-qPCR 5|4 .
TagMan ZEGHRE K2 K519, 197k 1
Fr7s
122 RNA #3  #4lE RNA 25U & ( Steady-
Pure Virus DNA/RNA Extraction Kit ) 158 #2HL
RNA, XM AL S B AR E D IR . B
100 mg FHYHLVE TR A HIE, BHEE A
200 uL PBS W, AAEHH 2 1.5 mL .08 T
WM A 250 pL Buffer VLS., 20 pL Proteinase K
1 1.0 pL Carrier RNA, F4rR%2), 56 C/KIG
15 min; 12 000 r/min &.0> 3 min, W FERE
BELDEH, A 250 uL Jo/K OB, Fe0rWeT
IRAT; ¥RV % Mini Column /', FHE 2 min,
12 000 r/min #.[> 2 min; RWA., RWB &5 H
50 pL JCREK e, 133 RNA IH WK .

XTI R RNA $28, o #1750 1 2040
FERRAE, TR SLEREAIR
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Tab. 1

RT-LAMP and RT-qPCR primer sequences

5194 FK Primer name

J¥%1 (5-3") Sequence (5'-3")

#% 1 Note

RT-qPCR 5|4 FF AATCAACYAGTGCTGGTCGTAAC
FB CATCGS CGAAAGATCATACA
RTF  AGTGCYGGTCGTARCCGTCG
RTB GACCAGYTGCTAACGTCTTRTTAA
probe
RT-LAMP 5|4 F3 TCWACCGTGTGGGTGACA
B3 CGGSGKACTTTCTCATGTCR

(VIC)TCGCGAAAGTTGCTGCGACAAG(BHAQ-1)

cp FEH KB

cp #:[A RT-qPCR 314

VIC H¥EHHE, BHQ-1 v K 3 H

FIP CCGTCCGCGAACATAGCAGAGGTCCGTAAAGTTCCTGCCTC
BIP CAGTATGCAGCATCCGGAGTCCCGCATCGCCGAAAGATCA

1.2.3 FmaM@E LI 1% FF/FB i CMV cp
HEARY 59, i RT-PCR ol &
PREM B, BRR BRI R 501 bp., EIIEH
KRB, 3T pMD-20T, 4k A DH5a, #i
P FEPE R

RT-PCR /A Z 4 . : 2 pL [, 12.5 L ZE Mg,
1 ul 514 (AHRJE 0.4 pmol/L ), 1 uL #A RNA,
#IE H,0 BLAKF A 25 uL, P44 50 CT
A5 30 min; 94 ‘CAS M 305,52 ‘CiBk 305,72 C
FEfH 30 s, 30 MER; 72 CHE 5 min,
124 ArfE@&eg# s L) RTF/RTB 3 qPCR 73
¥, probe i TaqMan 2 YGHERER, 10 F546 & B 1Y
A DNA it , BAMRE 3 ~EE . qPCR K
R :0.4 pL DNA 45,10 pL Z2 0Pk ,0.4 uL
14 (LW EEH 0.2 pmol/L ), 0.8 pL #REF (&
JE4 0.4 pmol/L), 0.4 pL ROX Yuk} (&RHEF N
0.08 pmol/L ), 1 uL Jfiki DNA, #M5¢ H,0 LA
UM 20 pL, P BE4A4: 95 CAEM: S min, 95 C
R 5s, 52 CIEff 30s, 40 MEH,
1.2.5 RT-qPCR #1 LI RTF/RTB }j RT-qPCR
514, probe A TaqMan 541, {# i — 23 RT-qPCR
R & AT R SO i PCR,

RT-qPCR 1A ZR4AL: 0.4 uL DNA E4&
0.4 nL S5 56, 10 uL 2200, 0.4 uL 5|9 (&
WA 0.2 umol/L ), 0.8 puL REF (RHRE N
0.4 umol/L ), 0.4uL ROX Pk (KU )FE N
0.08 umol/L ), 1 uL #ikr RNA, #M5E H,0 ELAAFH
20 L. M. 42 CHIASYE 5 min, 95 CAF
75305, 95 CiBk 55, 52 ‘CHEfH 30 s, 40 PMEH
1.2.6 RT-LAMP # DL F3/B3 N4h5|4), FIP/
BIP NN 519, i F— 2k RT-LAMP {5 & 17

FG S T IR S o

RT-LAMP W ARZR : 12,5 uL WV IRA Y
( Warmstart Lamp Kit, NEB, USA ), 2.5 uL #}5|
Y (F3/B3) (&¥RJE N 0.2 pmol/L ), 2.5 uL N3]
Y (FIP/BIP ) ( Z9K)JE M 1.6 umol/L ), 1 L it
RNA, #h78 H,O EAAEFR 25 uL. RAVEIMA
20 uL A, 60 TR 1 h, 85 CHEHF 5 min
Lk N .
1.2.7 wRMLRE SHET PG K 2216
BEATRE SR AR, [ RIJCIBY 18T T 2246t B, BR
RRMEKAEE, BAOHEGHFKE 100 mg, #% 1.2.2
FI 5 AR E RNA, FFik 7R 2285

2 ERS5HH

2.1 1: ;I)-Isl lfﬂ’]@_L

2.1.1 cp AR Ay % RT-qPCR 47/ W £k
s i CMV [HPEM B RNA, DL FF/FB 4
Sy 3G cp FEH K AT ETR, B EN
501 bp; RTF/RTB " H1 H 9 1 B K JE K 127 bp
(Z5R AR BR ), A PCR [FIRF] & 191U cp 3
HaeRKy =Y, 5 pMD-20T &4, HikE
DH50, 7% PCR KiF)5, PRHCBHIER &Y KH:
F%, HHEFRL, ME ODayeo, MRIEMCIE M ks
BB A5 2 TR M N 1.8x10° copies/uL.
10 1% B0 BE e B % R RE BRI 2 1.8x10°~1.8x10°
copies/pL, ETARAEMZ& A 1 Fros, fanEihgk
FREN y=—3.244x+44.359 ( R*=0.999 ), ¥ %%
(E) M 104.24%, 255 8= AWFGE o v RS B 7 B
Bkt 5 Ct (HEA RIFMLEXR . XAHN
Ct Mdlln) Ct #4778 5 RE I LB, AN
HEEZMERET (£2),
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3l 14T RT-LAMP #0074 X431 #ILe |
sl SN EE SRR BRI TR (255K R ), R
2} #i CMV RT-LAMP S 2645 &5 R i 2 fie
5 25¢ TN, WAL BRI L UK I IR SR,
ol 1 e 5 RT-LAMP Kol 7
19t 22 HRMEKRN
171(; ' 1(',4 1(')5 1(')6 1(')7 1(')8 ' 2.2.1 RT-qPCR #F#4m DL CMV, ORSV,
Quantity CymMV Ji 5 RNA fE N EEARAGI RT-qPCR HY%F

1 CMV i qPCR #RfE i £
Fig. 1 Standard curve of CMV qPCR

2.1.2 RT-LAMP#MFxe&E 5 it CMV [H
A BE RNA, UL F3/B3 M4h51¥), FIP/BIP NN

Sk, S5RWE 3 frx, L CMV RNA AR i
P AR B ALY 2k, ORSV. CymMV fy
B IR R A8 LY B i 2, B hg 45 5 5 i
—5, 7R CMV RT-qPCR K il 77 B4 S B4

R2 CMVOPCREEMDITER
Tab. 2 Repeatability analysis results of CMV qPCR

ZH N EH Reproducibility of intra-assay

#H [A]# & Reproducibility of inter-assay

DNA Vi . — o A EL 22 H
DNA concentration/ SEY(E b2 SERE SEHME b 22 GRS i
(copies-uL™) Mean value Standard Coefficient of Mean value Standard Coefficient of
deviation variation/% deviation variation/%
1.8x10° 17.528 0.074 0.421 17.559 0.086 0492
1.8x107 21.011 0.069 0.329 21.061 0.115 0.674
1.8x10° 24.374 0.084 0.346 24.435 0.140 0.703
1.8x10° 27.552 0.062 0.224 27.661 0.223 1.106
1.8x10* 30.683 0.055 0.179 30.812 0.261 1.177
1.8x10° 33.661 0.094 0.280 33.951 0.548 2.392
222 RT-LAMP #5Htm i CMV RT-LAMP

1: DL2000 DNA marker; 2: CMV RNA.
B 2 CMVRT-LAMP #&ifll& R
Fig. 2 Results of CMV RT-LAMP detection
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1: ORSV RNA; 2: CymMV RNA; 3: CMV RNA.
B3 CMV RT-gPCR 7 &4 14
Fig. 3 Specificity detection of CMV RT-qPCR

S14%F CMV RNA . CymMV RNA . ORSV RNA
17 RT-LAMP ¥ 38, K5i% 7k ek . 455
Kl 4 fros, SERH KRR E] L CymMV RNA K&
ORSV RNA MR 1G9, ML CMV RNA
RN RN/ U R TR B I X
RT-LAMP il 75 ik HA X CMV 5, 45
KGR 3L,

M: DL2000 DNA marker; 1: CymMV RNA;
2: ORSV RNA; 3: CMV RNA.

B 4 CMVRT-LAMP 4SRRI R
Fig. 4 Results of CMV RT-LAMP specificity assays
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10°, 10%, 10°, 10° i B A BMR #EAT RT-qPCR
Al RT-LAMP [ REPERI . RIGE SA Ry
RT-qPCR ¥ 3 M & v %1, 4 RNA T B 1
10'~10° BHEPRE B Y 4, Ct (HMATE 13.467~
33.016 Zia], FERBHME; Btcoh 100 FBR it
Ct{E M 36.094>35, H|E A BM: . RT-LAMP ;=¥
HOBER IR ZE R (K 5B) W, LU 10'~10° Fi Bt
TR BOAR ()UK TE 25 BB A O 4% %10%%&
SRR UK A B DNA 4. 258 5 4
A[%l, RT-gPCR #1 RT-LAMP %f CMV RNA MjuﬂJ
(1) R B R R —3K
N
0.80
0.70

0.60 [
0.50 [
g 0.40 [
0.30 [
0.20 [
0.10 |-

0 1 I I
2 14 18 22 26

Cycle

\

IN urax‘\x

34 38

A: RT-qPCR ¥l ; B: RT-LAMP £l ; M: DL2000 DNA marker,
1 24 ddH,0, 2~7 3%1°h CMV RNA (% 10°, 10°, 10*, 10°, 107,
10" Fis B o
A: RT-qPCR detection; B: RT-LAMP detection; M: DL2000 DNA
marker, 1 is ddH,0, 2-7 is diluted solutions of CMV RNA at 10°,
10°, 10%, 10°, 10% and 10', respectively.

5 REFHEKMER
Fig. 5 Sensitivity results

2.4  H 8 s

9 T KB HE ST ) RT-qPCR 1l RT-LAMP #6:3l]
I IEAE S bR P R N P, X T S BE AL 3K )
15 ¥R 22 AERE R IEAT CMV K . 25 3N 6 FfR,
RT-gPCR (& 6A) 5 RT-LAMP (& 6B) M 15
A FEEEIAE R PR 4 A CMV BHE, PR H
N 26.7%.

3 itig
CMV 5 HL Y95 BEAG M Jy 12 T2 A fyis 2B

o 17
200 7
1.5+
2 1ol
0.5F yy 1-16
gy
0 T 1 /I 1 1 I i )
2 6 10 14 18 22 26 30 34 38
Cycle
B

M123456 78 91011121314151617

A: RT-qPCR #ll ; B: RT-LAMP 4l ; M: DL2000 DNA marker;
1~15: #E5h; 16: ddH,O; 17: FHPEXTIR,
A: RT-qPCR detection; B: RT-LAMP detection; M: DL2000 DNA
marker, 1-15: Samples; 16: ddH,O; 17: Positive control.

B 6 HiEtmansR
Fig. 6 Detection results of field samples

T AW 12220 ) Hodh ) g 2 A vk 7
FRR YU, B5 HBEREAY:, HARRE,
ARG BFP SEAEA, YT e T kit
(R Rl NVESIENEE AN S ala ke o3 a1l R7 e = V)
PCR Fil LAMP &AL, WiBEmds s IM ML ®
RT-PCR J5 k4 % 2478 5 Fhoa s H W R B K1
PSR R R 2258, E T nT LA SR RS
W73, %073 T A 995 75 BH P R 5 I vk
M 10° copies/uL, {HIZBIFFE A HEAT M IRIRE & 146
W, SRR R R AR T R AP sy T
IR R A 3 R AE R 3 RT-LAMP AJ gk 4G
Mk, #STH) LAMP 3 R U A B RT-PCR
5510 15 WP S T AR 248 CymMV
ORSV #1 CMV Ay =1 RT-PCR ¥, FHiZ )7
TEXT 17 AW 22 R S FEA TR I 5 A& B8 13 SRR
&Y CymMV ., 2 MRS ORSV ., 1 AN sk
Yt CMV; XUE %P0 K 5 i MAE MR 8 . K
SAEM R . KRG SEANREEY T2 H
RT-PCR ik , FIHZ i Ail 17 251 4y KRG HE
atr, BURAERH R R R0 15.9%, K EAEM %
BEPHER N 35%, K8 AL T B R N
17.9%; ZHANG Z5PO% 88 = 1) CMV iR s 1
RT-LAMP #;ill#:, A CMV cp Bk £59% 7 2
A IR B >4 20 fg/mL, BA% 4t 1) RT-PCR & 100
fi5, X E T RE A H 62.5% 8 CMV B
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DL CMV A I A 5 5 S0 ~7 — oA il
(218200 s {4 RT-LAMP 5 RT-PCR #17 [t
%20 AR5 % e F] qPCR A H R F 3 943 1
RrHE A, 1 LAMP FE SR8 24 1 50K i 4 AR
WZ ) THZR N, WIS TEXT 2268 R
MG TERY— ¥ RT-qPCR Hil—¥: RT-LAMP
R gy, FEXFIX 2 RGN AR T T . 2
T 00 5 2% A 5 A% TR HR BUCAE N A RSB 2 h
iti, HHBEAEX CMV K EESPE, R
PERIN s, 2 FhO % CMV RNA A BiR 7
Ff—30; X 15 #REEFET TR, RT-qPCR 5
RT-LAMP [ FHVER 360 26.7%, i ih R —3K,
HUF 2 Fh 7k RRAS LE R A S R A 7 v AR R SRR
P CMV [WIE AT WM . H Fr o T A 2E A
5 1 S ST FE KT DNA KGN Y 3L hi I, 7EEF X RNA
JREE RN B, 7N RNA %5 ¢cDNA,
BAE XA S R s e R SRR I R, )
HRZJGH cDNA ANREELC/ M RNA F54 . A
PEARBIGE R — 2 2 Oy e, — i e 1
RIS, O — 72 T B KFRBE U/ RNA
B cDNA I FEFPXT RNA EREEREN, LIE
LA Hb A P R S A R

RT-qPCR #4411k & —Fp I F PCR F AR FI5
ILYRAEE LRI, ZITEE DNA § 1 [H]
1N RSE S0 o0 (= s 03 0 o0 (= s B D O S X G
FETERUE B, HA R MEE S TS
Yo/ DRy RE s, (HFTZRE 2R o RT-LAMP M 2000
AR LORPY, I EA P R R,
i 3 A AP B AR X 38 A AR SR ) e A i A2 22
WX, EREEMEKEME, (ZIrEfAAE
SRR T REME . 21 R S R,
ARt 2 Py ik v AR A B SR AR 06 A
HAMER, AP EAE CMV R R I R
YIRG RE PR P | MER . REA AR
. KEFE.

CMV 253 B 5 A8 77 FUOUL B AR )4k 35 1)
BUREEZ —, H PRI vk R s, (A
246 CMV 5 FA Y2 # Ry A8 WL . A
FEESIIY 2 B CMV 50 F A W22 A D ik 5 24
16 CMV R cp FEFRHATY 1S, A RS PE |
RfgrEs, HEASEPRN HMEMR S 2 Firik
(ARSI FRAERH 1 h 2245, {HAR 3 RNA AR
I RETFAERT 1 h, J5 ST A 2R R AR CRAIE A IR

IR T, ML 3, A0 RNA 42, DI
R CMV BRI | B AT s | vER
ZeVF ARSI - B
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