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Fet% o ik BL 9 4% 7% (0.05 M, pH 7.5)
W E 1% o TR B 25 %2 (Chenopo-
dium quinoa Willd.) BEBF 57 Bl K 38 FE 1N %8 /g
TN HEREEH 2 W TR G5 CMV (Cu-
cumber mosaic virus) ~ CGMMV (Cucumber
green mottle mosaic virus) ~ PRSV-W (Papaya
ringspot virus-W) ~ ZYMV (Zucchini yellow
mosaic virus) JE 5 T HER S RITEITREZR A
AT IR -
fETRE RNA BYHHENREL

HU 0.1 g e/ 500.05 g 2 REZIREE S -
BN KRR PO - M2 B R P iR it < #R
F- it LL TriSolution Reagent Plus (GeneMark,

Taiwan) fifi {4 RNA > ffiHUSE AT 2 RNA {f
FIR -80CH R BRI -

Real-time RT-PCR 5|5RY&%5

Real-time RT-PCR 5| + & #£ f Primer
Express'™ (Applied Biosystems, Foster City,
CA, USA) WHGFTanst » EES | FE R AlIESR
% Bio Basic /4 5] (Bio Basic Inc., Canana) fff
& e 2]F (CCYV-cp-Q0330-117-F/R » 413
1 FroR) —M4 G CCYV RNA2 |y CP A
K %1 (GeneBank accessionsAB523789) » 4%
G AL E 73 Al Ky 55 5,447-5,469 K 5,545~
5,563 {él #% H B - Y THIH & 117 bp » [HE
RT-PCR &1 51 B & H— M L Ekst CCY V-
0510-probe % 1 Hy&E & 7 51 » DA Or 1% BE 1
PANE o H—MeE L ER BT R G oy R T 7 AR
6 o LLAreal-time RT-PCR g5 & e a5 -

TagMan Y IRETRVERE
TagMan Yt HE 8t 2 %] CCYV-0510-probe

® 1. FEBBATER LS [T B R ET
Table 1.

(# 1) £#5 Primer Express'™ (Applied
Biosystems) ¥ 48 ff 3% =t » ili % € Biosearch
Technologies (Novato, CA, USA) &k - A &
— M 4E 4 A CCYV RNA2 1 CP % K FF %]
(GeneBank accessions numberAB523789) » 4%
BRI E R 5,487-5,508 (Hf%EH 1l - H
57 13 Ui oy BIEE E & Y)E FAM (6-carboxy
fluorescein excitation wavelength = 494 nm)
J BHQI1 (excitation wavelength = 534 nm) -

#211 RT-PCR # real-time RT-PCR 7574

A 55 T {5 FH Y RT-PCR Z2%( &y Access-
Quick RT-PCR System (Promega, Madison,
WI, USA) » & FE#) £ & AccessQuick Master
Mix (2x) 12.5 uL ~ 0.1 uM CCYV-cp-Q0330-
117-F/RCCY V-¢p-Q0330-117-R 5[F ~ 2 uL 1§
P4 RNA ERGTE Ry 25 L o RTEGRE R
45°C 45 min ~ 95°C 3 min ~ 40 {A G E Y 95C
305 ~52C30sH172C30s:72C 5 minfil116C
JE fit © Real-time RT-PCR Fr i Ff Y 50 A & 40
£ KAPA PROBE FAST Universal One-Step
real-time RT-PCR Kit (KAPA BIOSYSTEM,
Woburn, MA, USA) « 1F 20 uL f 7 FEBERE T »
A B K JE P 43 5 Fy © KAPA PROBE FAST
qPCR Master Mix (2x) 10 uL ~ 0.1 uM CCY V-
cp-Q0330-117-F/CCYV-cp-Q0330-117-R ~
0.75 uM CCYV-0510-probe ~ dUTP (10 mM)
0.4 pL ~ ROX Low (50x) 0.4 uL ~ KAPA RT
Mix (50x) 0.4 uL ~ 2 uL t5 %) % RNA - 7 JE
e B+ 42°C 5 min ~ 95°C 3 min > 40 {# {5
#Y 95C 3 s~ 52°C 30 s f1 60C 33 s » Real-time
RT-PCR 7 JEE {& JHI 1 2% & ABI PRISM" 7500

The primers and fluorescent nucleic acid probes used in this experiment.

Primer/Probe name Sequence (5°-3”) Tm (‘C) Primer location” Primer size (bp)
CCYV-cp-Q0330-117-F GTCAGATATTGAAATTCTTAAAG 52 5,447-5,469 23
CCYV-cp-Q0330-117-R GAACCATTAACGTAATCAG 52 5,545-5,563 19
CCYV-0510-probe FAM-AGCGACCATCATCTACAGGCAA-BHQI” 58 5,487-5,508 22

“ Primer location based on GenBank Accession number: AB523789.

Y FAM: the 5’-end of probe was labeled with 6-carboxy-fuorescein; BHQ1: the 3’-end of the probe was labeled with Black Hole

Quencher-1.
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Sequence Detection System (Applied Biosys-
tems USA) °

RT-PCR # real-time RT-PCR AJ&—14%
AIE

Fo W E P st st 5| FRIER #5126
CCYV PRI EHE — - DL3H@BEMEE CF
N~ PN ~ BN F1 5 4R A B 5 A8 ik
(CGMMY ~ CMV -~ PRSV + ZYMV #1 CCYV)
B i B Y 4 RNA # {7 RT-PCR DL & real-time
RT-PCR [Z & » H [ JEY) K R 20 ATk
CCYV ZERUE 7 A5 Az

Fo B TE A asc s T AU PR $t 3% J€ 2 real-time PCR
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GACAATAAACAAA-3’) F1 CCYV-cp-753-R (5°-
TTATTTACTACAACCTCCCGGTG-3") 5|1 #E
T PCR [ZJE » [ JE & 1 Ky * 95°C 3 min ~ 40
(EEEE 1 95C 30 s ~ 557 30 s 1 72°C 30 s »
72°C 5 min F1 16°CE R » Pl 38 7Y 7 B %8
¥ 1> % #2 pGEM-T Easy (Promega, Madison,
WI, USA) » WA Escherichia coli IM 109
(Promega, Madison, WI, USA) E4H##E DNA
Pl Gene-Spin DNA extraction kit ClFEHs » &
&) fHAAE - FFLLT7 RNA B & EEZ (Pro-
mega, Madison, WI, USA) #E 17 ffd 4 8 §% &2
JE > {i¢ld RiboMax large-scale RNA production
system (Promega, Madison, WI, USA) ZEz 5
B » [ZFEY)4E DNase | R # 1% > iz 1% L RNA
G LEHAAL RNA I HA#E S DEPC /K -
& A AN SR R flr B4 CCYV CP RNA J EE DL
10 £% 75055 F > B 100 ng uL™" (FHE T 9.8 x
10" copy %) #ifEZ 9.8 x 10 copy Efl NTC
(No Template Control) » 54 MiLLL CCYV &%
fEMR 2 & RNA =001 - fEY)2 RNA 24k
RT-PCR J real-time RT-PCR 7 JF& (& (4= & 41 Fij
ﬁ o

FHREMETARY CCYV fRE1E A
PREHMEMES K (18 ) FlF/L (11

rere

]
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&) HErRA R BUEE R 404547 0.1 g Y2
RNA AV B 461k > K2 LL RT-PCR F real-time
RT-PCR #£17 CCY'V 75 5 1 HI$E (< B8 Hif [F Py 21
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CCYV 5|5 HARETPRETRAFE I
AIE

Ry et o] B — g CCYV 7 35 I % iR
SIFEAEES - AELE CCYV HEFFY
FIFH CCYV RNA2 ) CP N 5 1 B 1 R 5% 5
T 8] F CCYV-cp-Q0330-117-F K CCY V-cp-
Q0330-117-R #1 % #} CCYV-0510-probe (3
1) -
RT-PCR # real-time RT-PCR 1R CCYV
HE—IRIE

B EE LS| TR B CCYV 28
HE—M > DL RT-PCR J57% > 47 Rl $1 ¥
BEER N ~ (BN - CMV L EF IR -
CGMMV [ 4% & JNAE # ~ PRSV-W 24 %
FINEFE - ZYMV 4% B INHE # ~ CCYV
BUFL R N AR (CCYV-1) FI CCYV EiZtr
JLFEBE (CCYV-2) #94 RNA # 77 RT-PCR
JE > U & R IR I Y RNA 1Y 2 e (NTC) {E
BEHEM WhEEBEXKMER &
CCYV EMyE7E INEM (CCYV-1) FIEIE
PR (CCYV-2) iE W 4HE 4 117 bp FEY) 2 %%
F B HHEAMNER B L CMV ~ CGMMYV -
PRSV-W ~ ZYMV [ 27 18 ik R (i BRI 7 &/
JREEEE K > BAAE Ry & BT IR AH — B By S IR E )
(AE 1A) - BERARBR NS TFEEH—
M o B LA real-time RT-PCR J3 A #1750 > 45
RERHAAE CCYV i EE NS /L 24
G S IHTERZE (18 1B) o CtfH 5 21.9 % 23.0 >
i #% H At JK B % 3% 40 CMV ~ CGMMV -
PRSV ~ ZYMV i 2 fE 1% - RBEFEAERIK
EARG N - BB RO S A E - & Ll
B EUR 0 FTREET Y 5T RIER BT 12 real-time
RT-PCR 757450056 > B ¥ CCYV mHAER F B
BEAEHE—% -
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] 1. %Uﬁﬁ RT-PCR (A) flI real time RT-PCR (B) J5 7A@ M CCYV HYH— kR - 17 1 ° NTC (fAZ Bttt
H”ﬁﬂ) T2 EREERIN 173 (EFEEN 174 CMV (Y ERIN S 175 1 CGMMV JFWERL S 176 ¢
PRSV-w BZ*E%EI'\ 77 ZYMV RAOFEERIN 178 CCYV-1 iAW EE N 179 1 CCYV-2 FiEmE /N s T M :
100 bp ladder -

Fig. 1. Specificity of RT-PCR (A) and real-time RT-PCR (B) for detection of CCYV. Lane 1: NTC (No Template
Control); Lane 2: healthy melon; Lane 3: healthy squash; Lane 4: CMV-infected melon; Lane 5: CGMM V-infected
melon; Lane 6: PRSV-w infected melon; Lane 7: ZYM V-infected melon; Lane 8: CCYV-1-infected melon; Lane 9:
CCY V-2-infected squash; and Lane M: 100 bp ladder.

Real-time RT-PCR ;X CCYV #& H| &8 R T #ifE CCYV CP RNA R B DL 10 f%f7

. SRR » HAHE R 9.8 x 10" CCYV copy HH

98 x 10" CCYV copy EFINTC #1041 >

By Ml &, real-time RT-PCR % JH| CCYV 1Y IL RT-PCR F3E Ml BEE - SRET > B
FTHE > DA real-time RT-PCR /A2 E &= CCYV FEH[ % 9.8 x 10° copy £ (8] 2A) - AH[EEE ML

MR HEE  HFHEE CCYV ER&HMIN  real-time RT-PCR J5 /A » ERUE £ 9.8 x
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2. FJH RT-PCR (A) #I real-time RT-PCR (B) J5 M| CCYV &8 Hffls ME i g %L CCYV CP RNA F B
(BB R - (A) RT-PCR FIREIEAERAS R - 1T NTC : ez e I4H 5 17 1-10 1 9.8 x 10" £ 9.8 x 10!
copy no. ; {7 M : 100 bp ladder - fEEEH 45 (B)—(C) » #iiif - Ct{E » /K34 : CCYV transcript RNA (9.8 x 10" t0 9.8
x 10" copy no.) FE51#5¥# log copy number {& -

Fig. 2. Sensitivity comparisons of real-time RT-PCR and conventional RT-PCR assays for detection of CCYV. (A)
Amplification of 10-fold serial dilutions of the CCYV transcript RNA (9.8 x 10" to 9.8 x 10" copy no) by the RT-
PCR and analyzed by gel electrophoresis. Lane NTC: No Template Control; Lane 1-10: Cloned plasmid of CCYV

(9.8 x 10" t0 9.8 x 10"); M: 100 bp DNA ladder. (B)—(C), Amplification plots obtained with different concentration
of RNA transcripts and the standard cure of 10-fold serial dilutions of CCYV RNA.
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10° Copy % - &8 fh Rl 455 > E MM CCYV
BHY | real-time RT-PCR o] 1 i (K95 35
JEFEE] 9.8 x 10° copy % » fi Fj RT-PCR I 7T
o AR 3R F5 9.8 x 10° copy % » B8
s~real-time RT-PCR 75725 RT-PCR 471,000
fif o K L7 real-time RT-PCR S B[S B Ep4E R
@ B R AR Hh 4R e (W0E 2B) o HEREAE  CHfE
fEAAfE - CCYV-Transcript RNA copy $riy ¥ 85
B (log CO) » MR T2y = -3.5176x +
46.066 > R* =0.9991 > E = 92.44% > [l 5t Es
ERTERANEEREIR

HEF&EM CCYV &

KR age hmHEEHILRE 18
EFERINER K 11 @ RER » 73 5 2L RT-
PCR 1 real-time RT-PCR J5 = fg i - &5 5 &4
/& 0 {E RT-PCR HY &} 73 f@ Ml Y CCYV Z % F
JNHE L ERE3 ~4~7 10~ 14 /1 16 5% (&
2) 0 g I 33% (6/18) » DA K B I HH ) A%
261758 (2 3) 0 MHIZ 27% (3/11) i Ml
H CCYV © fij{f real-time RT-PCR fY& 57 » f&
A CCYV 2R E NHE K m 3~ 478>
10~11~12~14~15 16 F1 17 58 (£ 2) f&
2 61% (11/18) DA B /NHME B R 2 ~ 6~ 7
I8 5% (£ 3) > ftiZ 36% (4/11) - H» &
4y FH R A a2l MOS8 ~ M12 ~ M15 ~ M17 K S08
L RT-PCR A H CCYV » {H{# ] real-time
RT-PCR RI| 7] & H] & CCYV » &8 71~ real-time
RT-PCR #f}f* CCYV Hf %514 RT-PCR -

SE

CCYV Bt 5 E R IEYHIHTRH Z
— o HRORE h ER R Y R S B AR (Huang et
al. 2010) > E R A EEIEEM R EE # 4
EERE— - BHAj{# A real-time PCR 5
VAR B B 02 58 R RS T A
W Cucurbit yellow stunting disorder virus
Cucumber vein yellowing virus (Gil-Salas et
al. 2011) ~ Cucumber vein yellowing virus
(CVYV) K Cucurbit yellow stunting disorder
virus (CYSDV) (Gil-Salas et al. 2007) & - &
ABREE M BT R RT-PCRIEF > H

#¢2. bb# real-time RT-PCR fil RT-PCR fg I FHRE
Y CCYV st -

Table 2. Detection of CCYV infection of melon in the
fields by TagMan real-time RT-PCR and RT-PCR.

Field sample® RT-PCR TaqMan real-time RT-PCR

Mol = -

MO02 - -

M03 + +(223408)°
Mo4 + +(612209)
MO5 - -

MO6 - -

Mo07 + +(5818352)
MO8 - +(4147)
M09 - -

MI10 + +(27095676)
Ml1 - +(1573)
MI12 - +(2031)
MI3 - -

M14 + +(7033961)
MI5 - +(2657)
M16 + +(36441)
M17 - +(8310)
MI8 - -

ccyv + +(18655203)
HE - -

NTC - -

“ HE: healthy melon; NTC: no template control; CCYV: CCYV
infected melon.

Y “+” indicates the presence of a clearly visible band on the
agarose gel, whereas “— indicates a negative reaction.

* The number of CCYV copies was calculated from the equa-
tion of standard curve by linear regression analysis plotting
the threshold cycle values vs. the logarithm of the actual start-
ing RNA copy number.

¥ CCYV (CCYV-1 fll CCYV-2) & 4 117 bp
CCYV EVZ IERIE » HEE M ATsEtaIs[F A
HEH—M o {#H real-time RT-PCR 7R ¥ E7L
CCYV Z & INERA e - T @ B E
BN RFEAREIK - CMV B £ & LER -
CGMMV [ Zv 7+ & LA Ik ~ PRSV-W g 4%
BNV ~ ZYMV B E R BRI B &
FZFE - &8 Lt 2 {EatBass R an > Frakat iy
5|FLL RT-PCR & real-time RT-PCR J5;£3tEs
B CCYViRBRERR EAEFE M -
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2% 3. EL# real-time RT-PCR 1 RT-PCR #g:HIFH E]
JIVY CCYV B4t 5 -

Table 3. Detection of CCYV infection of squash in
the fields by real-time RT-PCR and RT-PCR.

Field sample® RT-PCR’ TaqMan real-time RT-PCR
S01 - -

S02 + +(2072)*
S03 - -

S04 - -

S05 - -

S06 + + (88756)
S07 + +(77357)
S08 - +(1558)
S09 - -

S10 - -

S11 - -

CCYV + +(2550351)
HE - -

NTC - -

“HE: healthy melon; NTC: no template control; CCYV: CCYV
infected squash.

¥ RT-PCR results: +, indicates a clearly visible band in gel elec-
trophoresis; —, indicates a negative reaction.

*The number of CCYV copies was calculated from the equa-
tion of standard curve by linear regression analysis plotting
the threshold cycle values vs. the logarithm of the actual start-
ing RNA copy number.

Huang ef al. (2010) Ll CCYV f Hsp70h
N st ol +¥ > W HRT-PCR T E X
/E?/%Z*RR/EJHj CCYV i - WAEEL R
50 7 A HI CCYV o Slf B8 s HL A S &8 B
FIE — 1 (Kubota et al. 2011) » H ot 1 {5 ]
CCYV CP &M T ERETEAH 4
il £ DAS-ELISA & » & H] CCYV CP & H 1Y
THE T E 2ng mL™! ;5 Lin et al. (2012) L CP
RN ARG et EATENE 107/
FE R EHY RT-PCR 5[+ ¥ - EE%AE’JEH%Z*
REUR > FIHME2F8E 2 ELISA AR E
B i RT-PCR JARIE - LA #fE RT-
PCR 7 23k - £ &K 58 » Abrahamian
et al. (2013) % LA hsp70h Jk A 71 [E] 5 A A
CCYV Jx CYSDV 197374 » BUnk I & B
" F] 100 fg o AHFZEF]H CCYV transcript
RNA # {7 real-time PCR & & sl by > 45 52
SEOR M W 2B B A £ 107 ng (9.8 x 10° copy

Ho4t 3

number) > WETL CCYV fH 4 > B
B U 88 S Abrahamian 15  [E4h » A
72 0 DL EY B2 CCYV 3£ LY 4 RNA =
B o DL10 5 %0 FifE 720 0 | 10 ng puL™' &
T2 10° ng uL" #7305 © DL RT-PCR /£
BHUBEBRE  SRESBERETZE 10% ng -
7FE [E] £ fh DA real-time RT-PCR J5 A400 » BR
BEETE 10" ng GERKTH) - LH L
2*;‘& 1E CCYV kg HIEEHUE I > real-time RT-
PCR J774LEE RT-PCR & 100 fZ 0L | - DL RT-
PCR 1 real-time RT-PCR 75 = 5 ;] CCYV »
£ RT-PCR A 8 73 » 7 & I H AR dnd =
33% ~ BF JINHH eI dn g 2R 27% o T AE real-
time RT-PCR BV &} 53 » 4 % /L H E & & i H
R 61% > DL R B I [ RE S i R 36% - 48
By B R BTy 5 [ FRIERE - N am
2 RT-PCR = & real-time RT-PCR 1 [ J&E
17> FH AR AR Ag R o pEAh - 3143 RT-PCROHIA B
CCYV My HfE s > &8 real-time RT-PCR fZ
JE T i HIBYE] CCYV » 88775 real-time RT-PCR
H 7 CCYV 1Y H4 % = 7 RT-PCR » HH &5 R
HEHI » real-time PCR JEE(RETE 2 CCYV
FAEE S > e RO IR 2 (B - F A
real-time PCR % - & A B i 50 Fs 5 8H FH FET 098
EZE AR -

5| FA SRR
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Evaluation of a TagMan One-Step Real-Time RT-PCR
Method for the Detection of CCYV

Cheng-Ping Kuan"", Yu-Chang Lin’, Ching-Shan Tseng', Ying-Huey Cheng’, and Ting-Ching Deng®

Abstract

Kuan, C. P, Y. C. Lin, C. S. Tseng, Y. H. Cheng, and T. C. Deng. 2015. Evaluation of a
TagMan one-step real-time RT-PCR method for the detection of CCYV. J. Taiwan Agric.
Res. 64(3):204-212.

In this study, a diagnostic assay for Cucurbit chlorotic yellows virus (CCYV) using TagMan-
based real-time reverse transcription polymerase chain reaction (QRT-PCR) was developed. Specific
primers were designed by targeting the coat protein gene of CCYV. The sensitivity of qRT-PCR for
the detection of CCYV when compared to that of RT-PCR assay was approximately 100-1,000 times
higher. The assay is highly specific for CCYV only, no cross-reaction was observed on cucurbits in-
fected with other cucurbit viruses using this assay. The technique is sensitive and accurate, and allows
rapid detection and quantitation of CCY'V in both field and experimental material used for the surveil-
lance and diagnosis of CCYV.
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