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AHFTHE HESE—MIRH SN EERAIZE NRZF I BERERESZ)F7) - BB E S B4
#| (R-PE) w14 Bl o 41 A& %5 (LiquiChip) 47 % LB HIh B RETEASE S —HERL » BEM
1% 4% RT-PCR 69 ERE IR 349 100 12 o sk TEIIEA B0 0] CCYV & 309 F INAE G BRE »

RASEE | IUERRSkE(LEE (CCYV) ~ RXRRERET ~ fadll] -
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]l

JI\ 2H ¥8 %% = {68 3 (Cucurbit chlorotic
yellows virus; CCYV) ks Closteroviridae ¥}
Crinivirus J&§ 2 & &K% 5 - A KA B W %
IE B RE RNA FT4H B > o3 Jll 6 %4 By RNAT J&
RNA2 (Karasev 2000) - 2004 &5 X AF H A
WAER P s 2 By R E 2 5
i 7E Wb S0 H oy JE AL (Gyoutoku et al. 2009
Okuda et al. 2010) = & &’ 2009 F1EE %
2 I N (Cucumis melo L.) & CCYV [
74 A 2010 EHSESEF (Huang ef al. 2010) «
[Hh 975 B TS MR R o DL~ ok M D7 S
fEELEIEY) > &F L& E 8 RE#M K (Cucu-
mis melo L.)~ 8] J\ (Cucumis sativus L.) ~
B JI\ (Cucurbita moschata Duchesne) ~ 7§ JI\
[Citrullus lanatus (Thunb.) Matsum & Nakai.]
FiFEFHEY) (Gyoutoku ef al. 2009; Huang et
al. 2010) = [ 2009 F 5 H FAJ 7L G B E %

W CCYV $HEFNAYRZ - 5t 2010 F£E
B EEEE LR NESE - HEUNRIELE
H o HECROMINERER B2/ NS - K
R R OREUEE > TEREEER
B E e

H At CCY'V i 35 % i (i I #Y 75 745 8
T L0 50 P B2 P 3% e 2 I A 0BG R Y AR SED
(Enzyme linked immunosorbent assay; ELISA)
(Kubota et al. 2011) ~ FZ# 55 55 5 e 22 60 S
& (Reverse transcription polymerase chain re-
action; RT-PCR) £ (Gyoutoku et al. 2009) % -
(pEZREA e S N S e EE =
HR R RIETHEBE - H xMAP Ktz %
St I AT B ST HIEE o oA A A 5] — B
] [E] — K BBt € 2% B AL IR (Tayor et al.
2001; Dunbar et al. 2003; Dunbar 2006) » &}
Fe RN & SUH R4S & B — MR e IR Bt Bl
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TR RS R 2l R U B S A
CCYV o

MEETE

RERRERE

ZYMV (Zucchini yellow mosaic virus) ~
CMYV (Cucumber mosaic virus) ~ PRSV (Papa-
va ringspot virus) ~ CGMMYV (Cucumber green
mottle mosaic virus) JREBEF S hEZ T EHE
S BB IR+ A SR DU TR B A2 4 Il B T 7
¥ Fd J\ (Cucurbitapepo L. var. zucchini) Jz %%
%2 (Chenopodium quinoa) ' » & ¥ HEfE R 5
73 AV 2 B AU L Bt 2 R N EE R 4H 4%
LL0.05 M gk i 4% T R ff P 1 32 7 > HUEE 5 4
&% LL RT-PCR g HIZ & R BRE - Bt CCYV
ZPENBGER M bk B & it & - &L RT-
PCR # & B Tl € P HEE Fs CCYV i 3%
ORI -TOCHHEHA -

5|55

FIA Primerplex 2.0 (USA) #ifis » ¥ CCYV
WHER KEYIZEE YT F3%ET - DUFT
BRZ5IFFI&ER » et EZ H—5]
T (AR 1) » gl -

BY)E RNA 21t

i tE 9 40 4% DL TriSolution Reagent Plus
(PROTECH - &) s B4 i HUE £ & RNA >
F S RACEHTIN 2 EHRE - SRR
0.1 g FEYIEHE - AR R E 1% DA 6k K Gh i
R ARAR - O AF B4R &K RS A 1.5 mL

x 1. KRRBATEAZ5 TR -

Table 1.  Primers and probes used in this study.

MEEEO S o > HL 1 mL TriSolution Reagent
(Genemark, &) il A FAtEELE S - AR
EH15-30 s HEALWEYR ZR NRE S
min I mL Y TriSolution Reagent (Gene-
mark > 57&) 1A 0.2 mL #Y Chloroform-Isoamyl
alcohol (24 : 1) (AMRESCO, USA) - BIZIE %
15 s WA =R E 2-3 min o #E—F R Z
4C M HEEL (12,000% ) 15 min > I H_E @R
W (EGKE - K% 0.6 mL AVBERE) 2 Ay EE
= I mL #Y TriSolution Reagent (Gen-
emark * 57%) 1 A 0.25 mL Isopropanol fz 0.25
mL PS & PG (Polysaccharides and Proteoglcan)
Removal Solution (Genemark » & &) » JE &5
S B E0m 10 min o K aEREE MY 4 CTHE
L (12,000x g) 10 min (RNA DLE @08 J7
AIUBRPEERE) - NOBER LR > AL
mL 75% JfE DARE a5 R R S RNA JURY) -
R 4CTEEL (12,000 g) B 5 min » R
TR SO fRE D0 TR ) HE 7T RZ KR 510 min e fT AL
% RNase-free water 40 pL » FHfIE 77 F 85
BRA - BUEDURYIR 65 CEFE 20 min -
REBRREEEHERNE (RT-PCR)

I 92 7 B LU L4 4 RNA 2 g
A 0.5 ug oligo (dT),s & 0.5 pug random hex-
mer primer * DEPC (Diethyl pyrocarbonate)
FEHKECE 25 uL - Bl 70°CHIZL 5 min % - iR
HERKFmal > BHoarliiA s ub Z MMLV
RT 5x reaction buffer (Promega, USA) ~ 5 pL
> 10 mM dNTP (40 U uL", Promega, USA) J
1 uL 2 MMLYV reverse transcriptase (200 U L™,
Promega, USA) » B 42°C/K A8 H/EFH 60 min >

Primer/probe”

Sequence (5°-37) Position (nt)

CCYV-368-0923-probe (5> modified NH2 C6)
CCYV-368-0726-F1

CCYV-368-0726-R1 (5’modified Biotin)
ndHB-476-0726-probe (5* modified NH2 C6)
ndHB-476-0726-F1

ndHB-476-0726-R1 (5’modified Biotin)

GCCAGGAAACACGAGTCAGA 5432-5452
CCATCACCAGACGAGTTCAT 5229-5248
GCCGCCAAATCACCATCT 5579-5596

GAGAAGAACCTATGATTAGCTT
GCCTTTCATTTGCTTCTCTTC
GCCTCATTAGACCGTACATCT

144268-144289
144090-144110
144545-144565

“ CCYV: GenBank Accession no. AB523789.1; ndHB: GenBank Accession no. AJ316582.1.
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LLE RS — e cDNA -« 7 1% B 48 8% 7 W) i
7 PCR SZJE > 7 0.2 mL f & 008 o o Al
A 14 uL 7 ddH,0 ~ 2 L gk EY) ~ 2.5 L
10x PCR buffer ~2 pL 2.5 mM dNTP ~1 pL 0.4
puM CCYV [E[H5[F (CCYV-368-0726-F1) ~ 1
uL 0.4 uM CCYV Z [m5]F (CCYY-368-0726-
R1) > 1 uL 0.4 uM hdhb-476-0726F [F[5]F- »

1 uL 0.4 pM hdhb-476-0726R [Z a5 ]F 52 0.5 L
2 U uL"' Taq DNA polymerase (Protech » 5 &)
Z1&LL 1,000% g) B0y 10 s » BEEFHEST PCR [
JE - Hprogram Z0 T : 94°C ~5min FH94C ~30s >
57C ~30s > 72°C ~30s (30 cycle) F 72°C ~ 7min °
(& HL 10 pL 2 PCR EPHELT 1.5% BASE K
Pagim

CCYV #%E8 - B I EEFR 3 DA

R Z TR DL CCYV 43 Bk 3% 3
f& 2 RNA2 cp £ [N 2 H — 5[ 7 ¥ CCYV-
368-0726-F1 ~ CCYV-368-0726-R1 i {7 RT-
PCR [Z fE 1% - ¥ 4 I 2 EE ) (A [l UL E 4

(IlustraTM GFXTM PCR DNA and Gel Band
Purification kit, GE Healthcare, UK) [g] Uy 4%
{bZ DNA | F TA & 75 # 38 1 5 i pGEM-
T Easy vector (Promega, USA) » 'E#% DNA [
NanoVue spectrophotometer & £ 1% 52 (GE
Healthcare, USA) {F Byt b IF S FEAH FH -

R B ERE TSR AE

A FE AT A 2 B8t gl A S
F1- BOHHZ CCYVRHEEFVZ HEE
I > 5] (CCYV-368-0726-R1) 7 5 I
fEIE biotin 5 I f¥ H AR & Ee st IRt (KNG
25-40 mers) FRAERST S° Im&E AL (Amine) 2
Bfi (BB R A E - 58) » DUFI B2k
Z R R AT IR AS o IR ER BT Z 1F F R A s AT
LR RMERE RS SR EEERE
%% 30 s R HL 100 pL (1.25 x 10° i 2k) »
s (14,000% g) 2 min AFx FFK » fIA 50 uL
2 0.1 uM MES [2 (N-Morpholino) ethanesul-
fonic acid] (pH 4.5) > B % 20s- jI A 2 uL

(A) . )
COOH NH, e—
DNA probe

(B) Unlabeled primer Extension

5 | > ,

| ] cDNA

---------- A A
Extension Biotin labeled primer Biotin
Streptavidin

(C)

(D)

& 1.

 E— —

C—_ e
Read by LiquiChip

BRI R ST 2 RAE R R AR E  (A) TUEREL M5 0wl 2 R ETTRL S © (B) SISk K E K%

BRI S TERE biotin 7 AfR3E 2 V)T (EAS15 R RZ5[F7 A biotin) ; (C) #EITRZEEMEACIIE - AANA

streptavidin {EF © (D) PLAYECEHETTEDEM -
Fig. 1.

Flow chart of bead-based DNA probing system. (A) The complementary anti-tag sequence coupled to a bead

set; (B) Amplification products of biotin at 5* end side; (C) Hybridization process with streptavdin added; and (D)

Read by the LiquiChip system.



262 H SRS

it &5 & [0.2 nanomole CCYV-368-0923-probe
166 57 {MEk (B 5.3 nm K/)\) s ndHB-476-
0726-probe Ei 30 55 i Bk Beads (H.{K 5.3 nm KX
/IN) 5 biotinylated probe-CCYV ; 5’-biotin-
GCCGCCAAATCACCATCT-3’ ; biotinylated
probe-ndHB ; 5°-biotin-GCCTCATTAGAC-
CGTACATCT-3"] > & % J8 & > Bt 10 mg mL"
EDC [1-ethyl-3-(3dimethylaminopropyl) car-
bodimide hydrochloride] (10 mg EDC dissolved
in 1 mL ddH,0) » /il A 2.5 uL 10 mg mL"' EDC
BAERE - M T REOLRGT » BE%& 30
min ¢ fJIA 1 m L 22 0.02% Tween-20 J&&1% »
BEL (14,000% g) 2 min » EfF FIE %A
1 mL220.1% SDS B84 Bty (14,000% g)
2 min > K FEREMA 100 pL TE buffer
BEOCORIFIN 47C -
ESFEEC 2 FEER SR S (SA

PCR ZEWJHL 5 uL » S A 1.5x TMAC (Tet-
ramethylammonium chloride solution) 33 pL >
BIMAH AWM Z et (RERIEE 2,500 beads
# &) » 2 1%%H TE buffer 2 50 pL » i1/ PCR
% » Verti thermal cycler (Perkin Elmer-Ap-
plied Biosystems, USA) #A 124 95C ~ 5 min >
50C ~15-30 min (FXBEFERC) » (L 10,000% g)
5 min © EFx F3ER 0 A 75 uL 2-4 pg mL”!
streptavidin-R-phycoerythrin 245755 1x TMAC »
J> SO°C N EZHE 15 min » Z 1A Z 5 LiquiChip
200 (Qiagen, Germany) » 1542 7 I 38 FL 31 1 e
% °
E-REWNELEE

il CCYV H—Malls - Az mER
& CCYV (3 {7 % 77 BEFR) ~ CMV ~ PRSV
CGMMYV ~ ZYMV ~ [#FEE L ~ mJL ~ 7EIL
BB /K - &8 bl RT-PCR KZJET% - i
PR ST RSB E BT AT T 3 EHE
2 RIZIE = B T MEZIEFEBCH B BUE » Rt
CCYV #FINZ 22 RNA DUEE KT 10 %
%5 #i %2 (50 ng mL" £ 5 ag mL") fif B RT-
PCR (&} PCR) f#5 - RT-PCR (&} PCR) % &
VI B PR PR S BT - I D2 e BRI A B DL
SEAGEEEE - H.81 RT-PCR (& BUE L -

rere

]

63 % H41

FrE R EES 3 B > W0 H#E(T 2 RHE » 455
2% Excel 485t EF= T -
HRE cCcYV Al

FREE RS 2 PN ROE R AR - EEE
F4H&%470.1 g #1748 RNA 2 ZEH 4L
S0 B {0 e i 4l A ) B 5 A #E 1T - RT-PCR Jz
[ FE &5 S B I~ /% ¢ LiquiChip 200 (Qiagen,
Germany) 17z H]

R

MR B RS T 2 E—1 B

7 5t B i FJ RT-PCR 3£ B4 g &} 2 CCYV
ZAE Y AH 4 2 et Y o EE 4R 368 bp 2
CCYV B — e | BeEY) > DL 476 bp 1
PIER R B (ndhB) EY) (R ZEslbg R -
AR 2 A% T I ) LB R AK I T S AU I S TE
FIA A Sehe M B 2 MR RS L B - &€
e M BE R AE B I CCYV K IE > [fii % CMV
ZYMV ~ PRSV }x CGMMV % £ il J8 % & K
fERERE N ~ R NG IVE P B i 1 /K B
JE IR AH B A S FE - [EIBFBEOR A —HEYIER A
E% (ndhB) R > HEREEEIN ~ EE LKL B
¥} ndhB ¥E 51 & £ K IE - L SUER Y & RNA
FEE R (& 2) -
MHUE CCYV 2 5E L4 RNA 1F B
B F 2 e AR PR RS &L 451 10 (21
REREHEST RT-PCR RELBRIZBR TR S 2 4105
HiC 1% % e BT (2 FE (% Y68 53 A7) o 3lf [ B B i
RT-PCR J£ 2 /% 648 2 ffgflE o G558 80
DL RT-PCR SELLEE K43 #7 > Hi3H 368 bp CCYV
H—EEY & 476 bp 2 B — 1% ndhB E ) -
A AT E R R S 8 107 FHE AR E 50
pg RNA & > FRAET IR REHE
10° > & 0.5 pg CCYV & - HILER » 8
BUERMER LR TR S 2R IB R % e 2 BT ES
RT-PCR JEHE =47 100 % (& 3) -

HH R R =1 R A g
F B RT-PCR £ % HE BBl L 2 2 &/

== /=)
Soo

Sy
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Cucurbit chlorotic yellows virus BH—e 5 BT 28k iR 5B ERE Cucurbit chlorotic yellows virus

(CCYV) ~ Cucumber mosaic virus (CMV) ~ Papaya ringspot virus (PRSV) ~ Cucumber green mottle mosaic virus
(CGMMV) ~ Zucchini yellow mosaic virus (ZYMV) ~ {#EEFJK ~ &L PEIK » FrAES s s & 2 st

[FEIRFSIE - S ER SRAEEAIRR -
Fig. 2.

Probe specificity tests with target and non-target DNA, including Cucurbit chlorotic yellows virus (CCYV),

Cucumber mosaic virus (CMV), Papaya ringspot virus (PRSV), Cucumber green mottle mosaic virus (CGMMYV),
Zucchini yellow mosaic virus (ZYMV), as well as healthy squash, melon and watermelon. All probes were tested in a
multiplex format (2 plex assay). The background signal was subtracted. NTC: no template control.

JVEE AT AR - SEREUR IS HRAERINER
th DL RT-PCR £ o] fg Ml £ 4 Bk E A CCYV >
{8 Bk X B 4R 8t R G AR 6 1R mTJHI 2]
CCYV (#EFRAHR) « HER A » FIJ7AH
FEEE N A CCYV © B4y 368 bp
RT-PCR )& B S Ol U &L HETT 2 T R 2
Fr o REBIY CCYV Z B E HAARNTE 77 F B,
Fe %I B AH 5] & 35 BiL CCYV (GeneBank acc no
AB523789.1) # 98% (45 R A #R) » KL
RURA I 52 P TE ] 2 WA BR AL BE PR S Al 21 470 3
CCYV fg 45 A T SE M -

R

H Al AR L BE PR BT 22 4 ME F & AL
E 1@ E E A AEH] (Tayor et al. 2001; Dunbar
et al. 2003) » MEFE Crinivirus HYfg 0 AT SR GR
Z o [ A4 PCRIA(EBNE s E /B > 1M
i R e BR824 > R HE— RS ]
BANE 2 R E R B IC S IE - B R R(EZ H—
PEMER - BAh > (EHBERZERRE 2B A
A [E] B AR 96 {5 L B 2 (BB - 2RT 0 BhUA

HE SRR R ER A A AREEARD
ANE > HEEREREES AT RIENR
i e AW E RE IR 0 & CCYV ERETHT i
TR P S i S FE B H £ DNA R BR 45 515 »

FITEE 4 2 8 e a5 9 [ o] #E — 2D i 30 PCR #i5
W FEY) o 2 EERIZIE IR ST RN R R
Sy R RT - A A B AR 25 T 3 1R (Rl — &2
JE % tf (Dunbar et al. 2003; Dunbar 2006) -

I ARGIEM b 5akat— Y e 5 [ 15
Fy B IR AE AT [E] B AR 25 AR AR Y B R AT
& AWFTRTE A 2 % o EE T DA B AR I
CCYV Jw# » Wi A—tE AR R K e 2 N
P25 B (internal control) o X L E iy B A & i
B P i 2 (8% (Dunbaret al. 2003) » [ZJiE
B4 5-6 h o [ fEER SR8 S B 5 | PR e e

Eh BFARM - 4 RT-PCR 2 & & E(LH
% % e IiC % {4 (hybridization condition) & »

ARt B ES R - R AHEHZ 5]
T- CCYV368-0726F1/R1 > ndHB 476-0726F1/
RIEEGN CCYV g lIEYER - 19 E
HE MDA L PR BT BO A B RT-
PCR ZEHE -
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Fig. 3. Minimal detection limit (sensitivity) of CCYV by RT-PCR (A) and LiquiChip detection system (B). Samples
were run in 3 duplicates, and the experiment was run twice. NTC: no template control.

CCYV A FI H ifn 7% 2 74 £ A ELISA #&
ERE 7 (Kubota er al. 2011) > {H Kubo-
taet al. 58 5 CCYV 5 5 R 5 H U B )
ES R abmEE A AEBY e R bR
SETME  FRERBLHEYE T EERF
& (Kubota et al. 2011) o A% LUEL Y RT-
PCR AR CCYV » BHERLMERZ B IR S R i
& > W] 12 = he ORI BE U 4942 100 £% /£ RNA
REIFEMRNER T » I ERALEREE
H CCYV 95 2 W4 ©

H f& CCYV g Ml > IR 73 Bl 4E %€ L JgK 24
CCYV 28 NBEAF 5 LL RT-PCR JE R ik
PR PR BT A S B0 & AT A M CCYV ¥R 55 >
{H 5B &5 R B 15 PRIE & Lo F RT-PCR
fR It 4 PRB P PERCHE - B PRI PR PR BT 1
R 6 PRiftta i - HHBLEIH - HEREER ATRE
P EEE > £/ RT-PCR JESENH - (HHE
FTER X Bt 1t RIS R] REFi2 5 P R i 2 2
R NIL > IR IR S 2o bR B S
BN > A BEFBURE - B IR R
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B BIRAREDNHER S YA > T TR R
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A DNA Probing System for the Detection of
Cucurbit Chlorotic Yellows Virus

Cheng-Ping Kuan"", Ching-Shan Tseng', Wen-Shiue Chang’, Hsin-Der Shih’,
Ying-Huey Cheng’, and Ting-Ching Deng®

Abstract

Kuan, C. P, C. S. Tseng, W. S. Chang, H. D. Shih, Y. H. Cheng, and T. C. Deng. 2014. A
DNA Probing system for the detection of Cucurbit chlorotic yellows virus. J. Taiwan Agric.
Res. 63(4):259-266.

In this paper, a PCR assay coupled with microspheres to rapidly screen field samples for Cu-
curbit chlorotic yellows virus (CCYV) survey on melons was developed. The RT-PCR was designed
to have the same binding sites for the forward and reverse primers of the CCY'V viral coat protein (CP)
gene as the target amplicon, but it had a unique internal sequence used for the probe site. The ampli-
fication of the CCYV viral RNA and the detection by LiquiChip were monitored with two different
fluorescent probes in a multiplex format, one specific for the CCYV CP gene and the other for the
plant chloroplast source gene, ndhB. The detection sensitivity of multiplex RT-PCR by LiquiChip was
100 times higher than only detection by RT-PCR for CCY V. The hybridized beads were processed and
analyzed on LiquidChip instrument, which detected the presence of CCYV RNA and quantity of each
PCR product from melon samples. Therefore, it may have great advantage to the certification program
of melons.

Key words: Cucurbit chlorotic yellows virus (CCYV), Nucleic acid probe, Detection.
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