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Detection of Citrus yellow vein clearing virus Based on a Real-time RT-PCR
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Abstract: To develop a rapid and reliable detection method, a real-time RT-PCR system based on
SYBR Green | was established by using a pair of specific primers designed from conserved coat protein
gene of Citrus yellow vein clearing virus (CYVCV) . The sensitivity, specificity and applicability of the
system were evaluated accordingly. The results showed that amplicons were produced from CYVCV
isolates, whereas no amplicons from non-CYVCYV citrus virus samples including Citrus tristeza virus

(CTV) and Citrus tatter leaf virus (CTLV) were obtained. The sensitivity of the real-time RT-PCR was
100-fold higher than that of conventional RT-PCR. An excellent linear correlation (R* = 0.999) obtained
from two standard curves of cRNA and the amplification efficiency was 102%. The data from field citrus
samples detection showed that the real-time RT-PCR system could be used to determine the concentration
of CYVCYV in the different citrus species.
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M Ak K5 2 F A A B4k K 9% 2% (Citrus yellow vein clearing virus, CYVCV) 5l —
FIRAG R B0, i d T 1988 4RI LIE WA kP RITRFE  (Catara et al., 1988, 1993), Pf
e LA E AT 48 (Ahlawat, 1997; Onelge, 2002; Alshami et al., 2003). 2009 fE{E
[ 2 B B N AT R B T %99 (Chen et al., 2014). FHARKR G, FRIAFRY M A bk 21k,
HAEREAE AR R, M KRARGEER, WAkIs, F 8RR N 2011 FEAEE R, PU)I 2 friE
A ORI ST AR . B SR IR ARSI, g M R AR B

CYVCV J& T a &M Wi#ik} (Alphaflexiviridae) #4555 8¢/ (Mandarivirus) (Loconsole et al.,
2012) , & — PG AL e (Grimaldi & Catara, 1996). JH4h H §i 41452k %5 F (Aphis spiraecola
Patch) FIGi#F (A. craccivora Koch) REMSEFT A G RMED) 4R CYVCV (Onelge etal., 2011) .
) AR R I %00 REAE I A AL AR RS (Zhou et al., 2015)

I G = 77 6 M A B A K 0 BRI A 2 2 700, PR IG5 P AR S B A 0 A2 7 ¥ 120 1)
TR, D R SRR BRI A BTG B A K D B IR R T AR A% . AR, B
BEWIAE (2015) FIEEb % (2015) MHIZkEE ST RT-PCR F1 DTBIA #0773k, 4i% T CYVCV [l
IHE], (HSEZEN K CYVCV SR S TR I R B, SRR 77 7 R A B AR S e b 3 7
TEAE . SERT 9 RT-PCR BRI HAPOE . REBUE S R thsi. EHEHE 008, Rl mr el
WEAT I BE I SR I, 3 A kgl )2 3 TR A 5 RS o R i, B TENL T —FP L SYBR Green
[ AL CYVCV SEI 9858 RT-PCR &l 732, DA 2 41742 CYVCV Kl 7522

QY VR RS DARES

1.1 X # R R ARER HE L

CYVCV  B#IEAE K i 2 o S 96 LA R ARG S8 LA Jhk BH 0 S ZREER PR I B S A A 4% 4 S B T
) A B B G L e Ak, 85 5 @ (Citrus psorosis virus, CPV) . HIFEZE 28 8 (Citrus
exocortis viroid, CEVd) . HH&EZEiE# 7 (Citrus tristeza virus, CTV) « MM Z 49 5 (Satsuma
dwarf virus, SDV) FIHI#E#EM 75 (Citrus tatter leaf virus, CTLV) [RIBHEERE 5 A HE6T HERE i 35
FH PG R K 2 R A 50T R SR ARG o AR o 2 Bl

2014 4F 4—10 HKAE CYVCV TR AEMAE BRI 1, 50 ~ 100 mg A 0AE S (I )y, 4%
M RNAiso plus 7] (TaKaRa, "[ED 575 5 ICEEIRARR B0 B RNA,  2%50¢ I b i i vk e
I RNA 5248, A SmartSpec™ Plus 73066 (Bio-Rad, £ MIEWEMAIEE, Ll Asgo/Asgo =
1.9 ~ 2.1 sk RNA 1 S22 RT-PCR IR, FFAE - 80 C R IRAFA U RE L AL BE.

12 RT-PCR¥#EE5RELE

45 NCBI ' CYVCV (JX040635,1) {R5F 4 5e 8 AR #EAR, FIH] Oligo 7 B vt S vt
K9, L5149 CY4 (5'-TCCAACTCACAAACCCAGTG-3) Al Rl 514 CY5 (5-ATGGGCTC
TTGGTTTTCCTT-3"). FHIH 1 7 BBk 174 bp. JfH] NCBI 1) Primer-BLAST AT LEXS, fRIE
SR ek

5L REEFRZPAG K RNAL UL, 10 pmol - L™ dNTP 0.4 uL, 5x RT buffer 1 pL, R34

(10 pmol - L™) 0.1 uL, RNasin 0.1 uL, RTase 0.1 pL, ddH,O 2.3 pL. REEFHEATH: 42 C it

20 min, 94 C 1 min.
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SOEFELE R G LL 5 pl cDNA AR IEAT 25 pL ) PCR SN, K N AK % : ddH,0 17.4 pl, 10x buffer
(Mg™) 2.5 uL, F#E5149 0.4 uL, L5149 0.5 uL, Ex-Taq # (5U - uL™") 0.2 pL. #HFEE: 95 °C
4min; 95 C 30s, 60 C 20s, 72 C 20s, 35 MEH; SR)5 72 CHEAf 5 min.
PCR 7=¥)4litt 55 pGEM-T EASY # & (Promega, FE[E) &, FALKZEYIM IM-109, Jf
PR T 5 NV LB W53 A, 37 Cal i gs, FREUBHIE SRR M TR 2 =) I .

1.3 krAESACRNABIEI &

K RN A&E, K T7 J3sh TG CY4/5 T3 88 RNA. - 9aitk)s, F 17
PRGN S F 8 (TOYOBO, H A #3545 i cRNA . 343 ] cRNA £ RNase-Free DNase I (Promega,
KD 2, H2OGRE v E FeAi e MR AL, [R]IN22% Fronhoffs 45 (2002) (77 VATHEARTFI
CRNA I3 II%h 5 x 10" - uL',

14 EREAERT-PCREGHIMILRIKRBTAE
1.4.1 1BKIRE 8940

Wi brE il cRNA JH] EASY Dilution (TaKaRa, H[E)D 4% 10 {5 R I 1 x 10° -yl J5Hh
BEAR, SIS N 300 nmol - L, 4 SRR KA BE A 52 ~ 62 CH96A5 5 A2k, JEH Ct {8
Soe/IN FLA 48 1l 2 B 6 PR LT
1.4.2 3| 4RA AL

BL1x 10" ~1 x 10° - uL™" 4% VUK FE 1) cRNA AR, B AR FSIHHIE (5004 400, 300, 200+
100 nmol - L") #EATSZIN 98¢ RT-PCR, WL L4 B 20 = AV At ith 2%
143 ARG XGESL

FEFRUE R CRNA 2 10 BB ERRE N 1 x 107~ 1 x 10° - pL ™" #0110 MR R VEREN, a4k 4c
PEF AT PCR AN, RF—IREWE 3 MEARER, [FIIBee P12 5 TRORTBH 2 0]
R NAAZ SYBR Green | 1] GoTaq qPCR Master Mix (Promega, %) 12.5 uL, 10 umol - L™ %
5191 0.4 uL, L7514 0.5 uL, CXR Refernce Dye 0.25 pL, Il ddH,0 Bt % 25 pLo N4t 95 C
HASPE 30 5o 95 CASPE10s, 60 CiEK 155, 40 MEH . iCyler IQ™ 52t PCR 1% (Bio-Rad, 3
B HBh A bR £k

1.5 SERRAERT-PCRR KRB IE
1.5.1 4F7HRE

Sy IBREBUKSL T CTV. CTLV. CEVd. SDV Ml CPV BHPEM RS KRS AIE RNA, I FSeh
RT-PCR g e A I o
1.5.2 REJE I

DL 10 {5 B R RBEIRAFA 1 x 10" ~ 1 x 10% - uL™ $% U1 cRNA R 73 BI3EAT 3 L RT-PCR 1S
P68 B RT-PCR, LA H R U .
153 EA K%

PL 10 BRI 1 x 10% ~ 1 x 10° RAHK E IRIARUE i DNA R, REANRREE 3 IR, HHT
586 RT-PCR, 15 Ct{i. #rfEzE (SD) FA R REL (CV).
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1.6 HiEHE SN

2015 4F 5—7 J, BENLREEKR A =rd . PUIFIE RIS BITRE . 2ty REMT. N S5t
AR 10 A, it 50 AN Ho 5 MR, 1 AR EATRE ST 1 SRR G R I LAY )
M B ALK R, AR AR . #5811 (748U RNA, AFER I 3 MEARE G R 3
AMEYEE . R FIRE LI SEN RT-PCR MEATATIN, JFLLATAG FBOX JERRIE A WS ALK (Mafra
etal., 2012) XPAG IS TR IE

ICAS A R AARYE BoE 28 A S B CefE, W Ct HEmFei T CYVCV & 1, SEm
RT-PCR K 24 VE AT MR & B4 . $5-H08 RNA [T Chen 25 (2014) 177 3047 4 40
RT-PCR £l .

2 55

21 RT-PCR¥y 5 H[RETE 1 2 3456 78 9 M

DU S CYVCV FEAR IS RNA Jyfsit, H
CY4/5 51347 RT-PCR 84, ¥ /=) 2%
(P R RE A A L vk, BH M IS REY 3 H 1 40K
/N 174 bp BRI, B OGRSk
s (D,

R BH P () PCR =4 v B J5 16 92 0R /8 ) B 1 E#RAE RT-PCR IR AL f ik
MFE, FEAIZE NCBI £ Blast 207, 5 CYVCV M: 100 bp marker; 1~7: FHPEXTER; 8: BAMEXE 9: /AKXFHE.
R (KISSO6T9) AUSLIFAUuEp Yy O deontoresof KT PCR pros
100%, H LA ES 3 A B e i 8: Negative control; 9: Water control.

174 bp —=

2.2 EEWRHRT-PCREMRMIUFIR SRR E
22.1 BKRE
L1 x 10° - pL™' 5 DU cRNA W R, I8

35 ¢
KULEIN 52 ~ 62 “CHEAT S I 5 63 5 B i 2 5
RT-PCR. #5R R, MIBKHIETE 60 CHY, s 0 .
HUAFOUIREER, L COtROD, BB § -
%ﬁgﬁfﬁ&j"jﬁgﬂéo ; - .

Bk, B 60 CIENIZRMEAEE, | .
222 FlMRAE =10 e

FiI 500, 400. 300. 200. 100 nmol - L' & ’, s 6 g 10
E H(J % I ﬁﬁi&ﬁ?; HTJ_ %j\lﬁ RT-PCR, Hﬁéﬁi*ﬁ XTJ %7\% Log shlrfiiﬁlﬁfifxffx number
SR Ct A KN

MBI E R 200 nmol - L, AXFSE B2 34REH 200 nmol - L™ B &G4 Lk
ﬁﬁﬁ%%, Ct fgﬁ%d‘ ’ E?I&W%%#TE‘J%W Fig.2 The standard curve at primer

concentration of 200 nmol - L™

WE K 102%, RP=0.999 (& 2),
R, R 200 nmol - L S AK RS Wk i



Chen Hong-ming, Zhou Yan, Wang Xue-feng, Zhou Chang-yong, Yang Xiu-yan, LiZhong-an.
Detection of Citrus yellow vein clearing virus based on a real-time RT-PCR approach.
172 Acta Horticulturae Sinica, 2016, 43 (1): 168 - 174.

2.3 LR MRT-PCRIR [ {4 By iE

23.1 A

FHASHIF 57 38 37 /) SE R RT-PCR iERIIESE T CTV. CTLV. SDV. CEVd. CPV fl CYVCV KJ
FERBT R CYVCV FERPIZOEE S AWM, AR m (B 3), R AR R FAN
CYVCV.
232 REJEER

L 10 {5 B R BRI 1 x 10" ~ 1 x 10% - uL™" #% J1 cRNA AR 23 ) 3547 S 9¢ )6 RT-PCR 1
W RT-PCR Ky & B, 52956 RT-PCR BERMIE] 1 x 10" - uL™" $% DLf¥) cRNA (/& 4), 1% PCR
HLEEAMIE) 1 x 10° - uL™ 2 U1 cRNA, R WISZ RT-PCR Ky 7% 85 E 8 RT-PCR #2751 100 1.

233 ETAMAMNLER

P38 2 R 2E i 25 RS B N B S AN AR T R KN 0.62%, RFIZTIEEE
BIFMANEZ M ARNESHERRSHENTRREE KRN 3.16%, R ZTEEARET 4N
M.

5500 .
4000 f 2 5000
3 CYVCV —= E 4500 ¢ oS
2 3000 = £ 4000 e /
w2 | &2 2 g 3500 Sy ok = e
=Fp = 223000 77
22 2000 a2 s & 2500 ,/ / A1
Be o R E 2000 Lot / /]
w3z CTV, CTLV, ~ 1500 / if /
g 1000 SDV. CEVd, £ 1000 e Lk
4 7 CPY 500 ¢ (A—AAA—A 4
b e o e ,H__l/_l_JéLJ_.J_/
0 g e v 1.2 345 678
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
IGER L Cyele iER %L Cycle
3 EAEk RT-PCR it REwR 4 FRIFRE cRNA HIZKRISEE RT-PCR #H4E %%
Fig. 3 The specificity test of real-time RT- PCR Fig. 4 Amplification plots of real-time RT-PCR using cRNA

samples at different diluted concentrations
1-8: 1.0 x 10%- 1.0 x 10" copies - uL™".

2.4 HEHEF RSN

18 S RT-PCR XK H 2w~ DU )IFIEE PRI 50 AL b AT A0, 285 S oRBR 7 A 00 i 8 o
TR RER FE St A CYVCV Ak, B 5 ASKRIUERIFESD (1 AR ERE S 1 ANFIRE . 1 SREAT
F2 AR PRIl T CYVCV. il RT-PCR (IR II45 5 5 920 RT-PCR —8. ILAh LU
i FBOX JERFME NS, LL Ct{Ef/NA CYVCV FESIS o0 1 BT G R, ik 12 ANBHE
FEf TR CYVCV & BAAAE 5, BB CYVCV BIMIXT & Efem, oK A AR BRE AT 2 A
CYVCV [ BRI

3 B

BT HANEHZ X CYVCV FAIRF IR R G IT,  HICAHT S IR FEAE R0 25 2 LEE AR
P4 TE R R IR g B R R BT 514, It L SN 980 RT-PCR A I 5 ik vl g S P AGr il
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CYVCV. AT EAE L cRNA A A ARifE il I AH DG R ECh 0.999, 7 H9AHA N 102%, H Ct{il
FoH DA R RIFIMEME R, KRR BARF RIS, Bl 5. ok, ZLIBRAE
FRRERRUERE i B SR , 45 R WL LI PCR J7 V4 R U RT-PCR #1100 fi% . 5L RT-PCR
FEAKIE ST P B 2 I H 1) R R 5 AR RS AR A ARG s 20 T AEARL, a0 H AT 2 CTV. CTLV M
SDV S RT-PCR 7 72 L R &% #4945 il RT-PCR #2151 100 £% (Ruiz-Ruiz et al., 2007; XIF}%: %5
2009, 2013).,

FEXF 50 A7 F [ADRE 5 AT 3 SRS B R L, AR R 4 37 (1 S B ¢ RT-PCR A4 & 54518 PCR
R A —8E, #SReA I CYVCV. (HET RerEmf ka kT CYVCV &&=, HREEA
X R 7 AN o HE A, 38 ] SEIN ¢ RT-PCR J7 924 5—7 J1 SRR M FH TR R Sk ) 45 5 2 1
TR RE SRR 32 i 2T (R PR A, DAL SIZ ) PCR A I 7 VAT AN TR RIS M AR B it A0 &5
TR O UERAYE o BRI 7 A AR 2 O PR SR L PR DL R A A B s B T I
AR o

AT 5 AR BIERE SRS B E,  — 7 0 n] g 55 ARG A B BRI AT G, ARG
HEHEANEAE (BRUEE 45, 201505 S4B REL SRASKE I IR A ¢, Wik, CYVCV R4
MUK, JUILAE 18 ~ 24 CHAARIUMH BRI sAL, AW BIER T CYVCV & e TR
SR M T B PERE S P R B, X AT A R R R IR 1) B R A R AT 28 R
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