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K E ) SaMV R4t 2 &R ERAR R . (48] I PCR 7 ik & MM 3 8 SF AR 1D 3R 4E, a4 B AL 8 4 5 A
RELN LR, BTN AN, SR Ead. R NKE R R G REEH TN,

KBEIA: ROBEEIN (PCR) ; M FAmI84er; AL, ZYMV; WMV; CMV; PRSV-W; SqMV

Dot-blot Hybridization for Detection of Five Cucurbit Viruses by
Digoxigenin-Labelled cDNA Probes
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Abstract: [Objective]l To provide a good alternative assay in seed health test, epidemiological and transgenic research,
dot-blot hybridization was developed to detect five viruses infecting cucurbitaceous crops-Zuccini yellow mosaic virus (ZYMYV),
Watermelon mosaic virus (WMV), Cucumber mosaic virus (CMV), Papaya ringspot virus- watermelon strain( PRSV-W )and Squash
mosaic virus (SqMV). [ Method] Digoxigenin-labelled cDNA probes of the five viruses were synthesized by PCR with specific
primers. The probes were applied in dot-blot hybridization to detect ZYMV, WMV, CMV, PRSV-W and SqMV in crude extraction
of infected leaves. And three SqQMV probes of different lengths (0.55, 1.6, 2.7 kb) were designed to research the effect of
hybridization. [ Result] The sensitivity for detection of the crude extraction of infected leaves by ZYMV, WMV, CMV, PRSV-W and
SqMV was down to 1 : 160, 1 : 160, 1 : 320, 1 : 160, 1 : 320, respectively. The three SQMV probes of different lengths showed no
differences. [ Conclusion] The digoxigenin-labelled probes prepared by PCR could be used for accurate and rapid identification of
five viruses infecting cucurbitaceous crops with good stability, sensitivity, specificity and reproducibility.
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FlRIRE 2K %509 %, Thomson™, Singh!" 1
g2 5 F ) RT-PCR #0117 ZYMV. CMV Hl
WMV, ZIEREL TR s, BRI,
AEEIEZN o LR 5T 2288 T3 10 R AR S
s, B S AT AR SR e kAT, A
FORER, ROERER T, EAEENA, R —
DRI KRR o BRI = 2520 2P AR ZYMV A
CMV JEKIZH cDNA fEAERER, HRAeas Tl 1
WX 1 SR 1) = R4 v DL P s 23 1 K
AEBL, B PP BRICAEAE U PR G Yeit AT L
A EA TR 22 S50 = A R N FH 45 SR B . 4Pk A
B e i b bR iC R ET R, A
M, WAV YRGS, IERIYI AL IR A s R A3 T
R N Y DA IS A= B
S s R AR R R R BU 7 SRR BT 1A
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PR B9 AT AE— e R R AR R . s,
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Table Primers used for probe preparation by PCR

TR IR G, D BT R Bl 25 (K PR o
BAEE < AT IR A T ORI B o DR R A5 B AR 5
e

1 MBS

1.1 ##

1.1.1 WA AEE  ZYMV. WMV, CMV, PRSV-W
I SQMV5 Fiag i (A SE G = R AT, 5 Rl 25 (1) 41 e iR
P 35 DA e i R AR SI2 B 5 58 RO DR AT«

11,2 FEAEAGEGFIVER TagDNA 25 I B
TAEWTRAR AT (TaKaRa) . JE A Hybond
771, DIG TREFFR G FIA N & Roche 24 H] 77 i
e R A B = 4 A i

1.2 A%

1.2.1 5% ITS5 68 ZYMV fl CMV 5|92
HU7I8 WMV, PRSV-W I SqMV 5|4 %+ 4
GenBank I CUREMAHKFA () , W EEAETA
WIHA MRS A R A B

1.2.2 FEFIHI LG R sEA FoRCh BR, H
PCR % i DIG AR & PCR iEbic =z . B
dNTP JEY)H, DIG-11-dUTP 5533 dTTP ) L5 CMV
(<1kb) A 1:3, ZYMV. WMV. PRSV Al SqMV
(>1kb) J1:6. 25ulffPCR RNIAFRN: 10X
PCR ZZH9 2.5 pl, PCR MiE EARidiR &Y CMV 4
2.5 ul, HANAFCH 125 ul, IO ANTP 1.25 ul, 5
SR 3" 514 ZYMV. CMV. SqgMV 43514 0.8
pumol-L™', WMV, PRSV 4 0.4 umol-L™", Taq / 1.3 U,
JFORAAR ZYMV. SqMV 4 1 pl, WMV 4 0.5 ul,
CMV Jj 2 ul, PRSV Jy 0.25 ul, i ddH,O % 25 pl.
[ IS A — PR LA H R BRI ) PCR =445
NVFEF A 94 CTIAEYE 3 min, 94°CAEPE 20s, Bk
UL W R, 72°CHEM 90s, 35 MEHR, 72°CHEM 10

i 5 A 33514 B BERE

Viruses 5’ primer 3'primer Tm (C) Probe length (kb)

ZYMV GGATCCAGCTCCATACATAGCTGAGACAG TGTCGACAGGCTTGCAAACGGAGTC 62 1.2

WMV TGGATCCGACAGCATTGAGAA TGTCGACGTCTTTACTGCG 54 1.2

CMV CCGGATCCATGGACAAATC TGTCGACTCAGACTGGTGCACC 55 0.7

PRSV-W GGATCCGCAATGATAGAGTC TGTCGACAATAGAAGCGGTGGC 52 1.2

SqMV TGGATCCGCGTGGTTTGAT TGTCGACAACTGGGAAAGAAGC 50 2.7
AGGCCATGGCTATGAACTAGATCTTGCGC GTGCTCGAGTAGAAAGTAAAATAGGTGGGT 58 1.6
AAAAGGGGGCCATTGTTCA ATCTATCGCGGCCCTCTCATTG 54 0.55
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min. HX S5 pl PEIREAT 1%5 it s th vk AT, L4
BHT-20CR1EEH

1.2.3  REMRAEZAS RNV PEFE SqMV IR
EFRL 25 ngml! O4RER YL SQMV 1T 2 v
WHEHATIAT, £ 0.5, 1.5 3. 4.5, 6 h flid i 705
BRI R.

1.2.4  BE RUAASHTIIERAET (1) SR B ARy ek

(1) FERUES S TR B S 5 FhANTA)
FERIPUHT R, ] 0.1 mol- L B Eh 22 (pH=7)
BT, 4000 r/min 5.0 10 min, HU BV, FZAAFRE
Pihde 2 ¥, B, H RNA #iBéii (H,0 : 20 X SSC
: =5 ¢ 3 : 2) #4710, 20, 40. 80. 160. 320,
640 M RERIEAT AR B e, A — b AR E A B 1 VG
PO I 4 PR I, TR R
REPRFE S Spl T Je e o EYVEEAEIRAT T Mk
Fric

(2) BRI S RNEERE B 120°C HERE
30 min BEATIA E o A W2 RN RS, I
FATHE (0.02% SDS. 5XSSC. 50% 25 1 I
0.1% N-laurysarosine. 50 mmol-L™ B#&%%. pH 7.0.
2% B TRASY T 42°CTHZYAE 20 min, FEHIZY
AW, B DIG Aric REE Tk K A2 PE 5 min, 0
WA RIK L, MG, 42°CHRAZ 1.5h )5, i
KiE 2XSSC.0.1% SDS i Pk 2 ¥k, &K 5 min,
i 0.5XSSC. 0.1% SDS T 68 CULhE 2 ¥k, Bk
5 min.

(3) K PERS SR AR (0.1 mol-L™!
LR, 0.15 mol-L”! NaCl, pH 7.5. 0.3% mtif)
PEME 1 min, 7725, FBAW (1% B3 0.1 mol-L™!
LR, 0.15 mol-L”! NaCl, pH 7.5) ] 20 min Ji5,
TN ABRRE T 5 000 £ (T i = oAk —h ik
IR A0, R 30 min. BGJR, LGS eI
JE PP BDESE 2 K, BFIK 10 min, IIAKLIME (0.1
mol-L™! Tris-HCI. 0.1 mol-L" NaCl.pH 9.5)*F 2 min,
PRI NBT/BCIP %, BH bR, friss]
AR RANS, HEEKRIE S min Z00RN, BT
E(E)GCH

FITIAL 3 MR A0, DA R .
1.2.5 AN JE R ERERO BE S 4228 5 FoT 43
BT T KRN 2.7+ 1.6+ 0.55 kb 119 3
Bl SQMV #54F, LI 25 ngml™ AHRET 2 il B gL
SQMV ¥ P P v RO T 2438, kIR 1.2.4, MR
FATEES

2 HRSN

2.1 HEFERRICRETRIIIE

PCR ¥ #8714 1% TP raIK)G, s Ebrid
1) PCR F=35 35 A0 N (M AR AR 104 S8 =R K, 142 i
Ty 8 F kb N T DIG-11-dUTP, 2» FEHK, ¥k
SRS, kRIS (E D .

M: Marker; 1: CMV % 2: CMV %#; 3: PRSV #4f: 4: PRSV
X 5: WMV /%R 6: WMV SH#E; 7: SqMV #8%F; 8: SqMV X

M: Marker; 1: CMV probe; 2: CMV control; 3: PRSV probe; 4: PRSV
control; 5: WMV probe; 6: WMV control; 7: SQMV probe; 8: SqMV
control; 9: ZYMYV probe; 10: ZYMV control

1 PCR #RICIRET BRI
Fig. 1 Agarose gel analysis of Dig-labeled DNA probes by
PCR amplification
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F SGMV [R5 5 I8 SqMV (1) 75 #A 25 1 1k
ATAACIS, 2448 1.5 h gt o] Wak sd S B, Bl A8 I (]
MIAELG, B R R BB, Ik I PR R S A B R
A SAR IR IR, AR T RIS 5. D,
FAE N R I AR I B R 1.5~6 hoe ST 530 fai 48 7
%R, 2438 1.5 h AL LA R sk,
2.3 5MDIGHRICIHRSTHIRYERFRME

HBE AT 5 R 2 BoR, ZYMV, WMV, CMV,
PRSV F SqMV IJFEF BEASIN 4 [ I 4% P i = g -
PEOR ) e KRS 3 )8 12 1604 1 : 1604 1 :
320, 1:160 F11 : 320,

Kl 3 WoR, RERRERET S & ER GL T A i SR
W SO A B E, SRR R 4 B
P03 B R - R IO S N e S, oA I

DA EIREG 25 R W], 5 FhERET Y REE AR I Hh 7 A
WIALZARE S B EER I, HAT BT I R B R

Sk
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a: ZYMV; b: WMV; c: CMV; d: PRSV; e: SqMV; 1~8: JiiHt
FEEAIIL 104 204 40, 80, 160, 320, 640 fiF MK

a: ZYMV; b: WMV; ¢: CMV; d: PRSV; e: SqMV; 1-8: Extraction solution
of leaves and their dilution to 10, 20, 40, 80, 160, 320, 640 folds
respectively

2 BRI 5 MRS AT A A R R BURRY R
e

Fig. 2 Sensitivity analysis for the detection of 5-virus infected

zucchini leaves extracts by NASH

A

I
a’.
A

a: ZYMV #%F: b: WMV #8%: ¢: CMV %% d: PRSV #%l: e:

SqMV %ﬁ“, 1: CK-: a2: ZYMV: b2: WMV: c2: CMV; d2: PRSV;
€2: SqQMV; a3~a6: [ ZYMV LIS K 55k 4 FiiiEE; b3~b6: f WMV
DAAMEI 5340 4 M8 c3~c6: bR CMV LLAMK Y4 4 B 855 d3~d6:
B PRSV LASMEI 534 4 Fipi e e3~e6: B SQMV LASMEI S35t 4 Fijgs i
a: ZYMV probe; b: WMV probe; ¢: CMV probe; d: PRSV probe; e: SqMV

probe;1:CK’; a2:ZYMV; b2: WMV, ¢2: CMV; d2: PRSV; e2: SqMV; a3-a6:

the other four viruses except ZYMV; b3-b6:the other four viruses except
WMV; c3-c6:the other four viruses except CMV; d3-d6:the other four
viruses except PRSV; e3-¢6: the other four viruses except SqMV

B3 BEmZ3 MRS 5 Mfs R T A A R R BUR AV HY
SED
Fig. 3  Specificity analysis for the detection of 5-virus infected

zucchini leaves extracts by NASH

2.4 REWMEEM

5 FIREE 5 [R]— PG R0 IR A R 248 43 il
23, REUMERRE SRS BRI, e P .
2.5 AREKERFMFZHIS0

AR 45 ALl 4 FIEL 5 W] I, 3 i SQMV -5 R
TR FIRE SO I s 22 ), KR AC S R s, R
PCR ¥ Hb 5y = s ic IR B R B s %28 45 TG %
i o

1 2 3 4 3 G 7 8
d LR K
P 0o
3 F R

a: 2.7kb ¥4l b: 1.6 kb %4l c: 0.55 kb HEls 1~8: FMHAREGEA
JL 104 20, 40, 80, 160, 320. 640 fFHIFB

a: 2.7 kb probe; b: 1.6 kb probe; c: 0.55 kb probe; 1-8: Extraction solution
of leaves and their dilution to 10, 20, 40, 80, 160, 320, 640 folds
respectively

Bl 4 REHCEBYERET B 2438 B R BUIEAR T
Fig. 4 Sensitivity detection for NASH with probes of

different length

L ®
D

a: 2.7kb%—‘,k%‘|'; b: 1.6kb ﬁ%’“. c: 0.55kb ﬁ%’“. 1: CK-; 2: SqMV:
3: PRSV; 4: ZYMV; 5: CMV; 6: WMV

a: 2.7 kb probe; b: 1.6 kb probe; c: 0.55 kb probe; 1: CK’; 2: SQMV;
3:PRSV; 4:ZYMV,; 5: CMV; 6:WMV

Bl 5 FEHCE RS PR 23 A R 1AL

Fig. 5 Specificity detection for NASH with probes of
different length
Ay \/\
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1983 4 Leary 858K & 1 A f . 2B BE AT A
AEHCARLIK,  BEIHA OBk 2 H W T S8 BT
He

ASHIE A b v S AL R IR ST R 12858 5
Tl P B E R ST RN, ST T TR
(18 RAZ IR P mi 28 SRR, JERf R P 24T T 2
b, HHEITEEN 22 h AR 5 b, BORGERE 1AL IR
], SRR EORA R, A A (e Ak
SR HE RNA FI PCR &7 1 7= HEA T 99 235 5 18
FIAT LG, BT 4 0 BRI 0 SR G A T 2
R, g T A BRANRL DI 18], SCRRAR T A I
A AR R A 1 — D 7. R
PRI ASBER LR (R E AN, RIS 7 2
DA EHR AR, (HAR AL DA BRI (1 H AR
] A5 TR (K S e CMIV B B0 ¥ 0 5 R R
EHCN 100 £51, A SRR 5 T 25 1 74
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PRI B KRR RS A 7E 160 £ LA b, R B &,
[ o e S PR AR 5

AWFFH PCR LG T KEAHI0 2.7, 1.6 Fl
0.55 kb 1] 3 ' SQMV #R%El, 45 4L BoR it 75 ik i 4% (1 R
B PR R BRE R8T 1) R B RV S P AT R . X
— &5 F R Dhar 25T 045 AN, Dhar FIBEHLS|
YL PVY" FEDRIZH 1) 35 A il #% T 3.25. 2.5,
1.2, 0.56 kb 4 FrERER, 45 R J7 ik 4 R4 1)
K R RIEAEDG, PREMK A, LR iR
e LG5I PCR VA BRI K B LEBENL S|
Y BRI IR BEN A8 R 2 2/, %2/ PCR
A BRI TR ST — 2 3 ] P 6] 288 R B ARy
SPEJCR .

FIRT, AW ST 5 IR IE AT A 2 ik ) &
BN AR, ] L— KSR A, H1R
RIS 8 g F0 sz FH AR B

M Carmen Herranz 225146 7 —Fh ERIBE ) 22 SR 45
EFRefg [RINTALI 6 Pl B 2%, 20 nT DL AR
CLEAS I &5 A B ol £ T A I HH ks 5 s 25311 22 2R
PRER, SRS B Jn 7 {5

4 ZEig

I PCR 21 £ [ 1l iy AR 1 1 S AR ERE T I B
RARSERERSHE 5 M = B dE AR A A0 2 b Al
K, Tr AR R A R R IS S K EFEA A,
RS N T8 A R S Bhoos 25 160 BRI o TR I28 3
L PCR Jrikbric R, HAREHCEE (0.55~2. 7 kb)
{18 2 e 0 ARG D 25 R A

Bst: AR GIFRMh T K FE LR AT,
4R
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