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Abstract: Citrus tristeza virus (CTV), Citrus tatter leaf virus (CVLT), Citrus yellow vein clearing
virus(CYVCV), and Citrus leaf blotch virus(CLBV are important graft-transmissible pathogens of citrus.
Rapid and accurate detection methods are of great significance for the prevention and control of viral
diseases. Four compatible sets of primers specific for each virus were designed based on conserved
sequences of coat protein gene for multiplex PCR assay. The crucial factors of multiple PCR including
primer concentration and annealing temperature were optimized for the highest sensitivity and specificity.
Four specific fragments were simultaneously amplified in one PCR reaction. Their molecular weights were
determined to be 889 (CTLV), 612 (CYVCV), 462 (CTV) and 294 bp (CLBV) . The sensibility assay
showed that the sensibility of this one-step multiplex PCR is about 10 times lower than that of regular
single RT-PCR. Finally, this detection system was used to detect these viruses from 59 field samples. The
results revealed that the detection rate of these viruses was between 11.9% and 54.2%. In conclusion, this

one-step multiplex PCR system is suitable for rapid detection of the 4 citrus viruses from field samples
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with accuracy, rapidity and sensitivity.
Keywords: citrus; Citrus tristeza virus; Citrus tatter leaf virus; Citrus yellow vein clearing virus;

Citrus leaf blotch virus; one-step multiplex PCR
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Y B RNA $2HUR 7 RNAiso Plus. One Step RT-PCR Kit Ver.2 7. DNA BB [ 71 1
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Fif5 & RNA X H Nanodrop 2000 (Thermo Scientific, SEE) &l Hyk fE R4,
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Table 1 Primers sequences for the detection of CTLV, CYVCV, CTV and CLBV

519 T (5'—=3D FEIR /N bp B KRR 2R

Primer Sequence Product size T Reference
CTLV-F F: AGAGTGGACAAACTCTAGAC 889 56 K, 2013
CTLV-R R: CCCTCTCAGCTAGAATTGAA

CYVCV-F F: TACCGCAGCTATCCATTTCC 612 56 Chen et al., 2014
CYVCV-R R: GCAGAAATCCCGAACCACTA

CTV-F F: ACTCTGATAGCGATGAACGA 462 58

CTV-R R: AGCACACTTTAAATCAGTCAAGC

CLBV-F F: ACGCTTAAGATTACAGACACGAA 294 57

CLBV-R R: AAAAGCTGCAAACTTTGTTCCC

1.3 B — RT-PCR #&0

PLBRE IR BH A S RNA AR, 25 CTLV. CYVCV. CTV. CLBV [F4F51E 51 P05 #E
MHEAT PCR 9719 . [)SAAZ AN 25 uL: RNA Bt 1 pL, M L. FES14 (10 pmol - L) % 0.5
uL, 2x one Step Buffer ZZ#1¥% 12.5 uL, PrimeScript one Step 7R A 1.0 pL, RNase Free 751#7K 9.5
ul. RN 50 'CIe#55% 30 min, 94 ‘CHIAETE 3 min, 94 CAS1E 20s, Bk 20 s (EARIR KGR
W2 1), 72 CHEM, FEAH [ BEY =YK B 28 (1000 bp - min™ SRH50), JLAER 35 %, 72 °C
ZEH 7 min, PCR MW 5K 1.2%35 I EE R 3 34 P-4 di AT bk . FFERA S ul, 120 V &
JE LK 30 min, HERE AR O EEHIE o
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fEH— RT-PCR W2Efl FXf 2 # RT-PCR MAR RIFATIA . 73 5% 2 B RT-PCR & 5= (1] 5]
Yk (B 1D, IBKIRE (52, 52.8. 53.9. 552, 57. 58.5. 59.5 f160 C) #EATIRE. Lib31
WIS, E5elIra RIS R R E )9 0.12 pmol - L, # BB BHVEAE MR B RNA BREEFRE 100~
1072 4%, LARA A2 510U B A8 A 2 75 7 18 53 05 348 R i
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1.6 Z%E RT-PCR ==, MNFSFFISTH

% & RT-PCR " #4749 TaKaRa 2> &) DNA &t G700 & mliic4lifk, 4hifk i i) PCR 7245
pMDI19-T vector 4%, EFLW)H L% DHSo 24, 4 ABEIHE A PCR %€ Ja IR A5 BH 1t Zo b
SRAG 0 BH 14 e B B % S W B AR I RHBCE IR A F T . W AT A3 45 SR 7 NCBI 4T BLAST
S 5 HT o
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WRE, £ ¥, T B EE, 5 k.
M 4 P9 a5 22 5 PCR AGIUH A T K S F .
[id 2554, 2019, 46 (8): 1616 - 1622. 1619

2 RS0

2.1 %E RT-PCR RNIFARBL

4 P B 51 IR FE AR ALARIG 25 SR LI 1. P 2 51 IR EE B E N 0.12 pmol - LB, CTLV
M CTV § 45, CYVCV ¥ 4=, CLBV ¥ 4y, HaEBBMmER 107 M
107 [ 58 G5 A AN B9 B4 . 25 CYVCV BI¥IKE % 0.16 pmol - L' I, CYVCV ¥ 8524 B
$2TF, $RE CLBV 314K 2 0.16. 0.20 F1 0.24 pmol - L, CLBV #8456t s B i ik, fEMBE
B 107, 3ERES4MT 1, =H i, B R HIRERARN 0.20 pmol - L AARALIKE . B
£Hfi5E CTLV. CYVCV. CTV. CLBV iX 4 R 8¢ 51 09K L 0.12 2012 0.16 : 0.20 (umol - L™,

g1k B/ (umol - L) Primer and concentration

CTLVF/R 0.12 CTLVFR 0.12 CTLVFR 0.12 CTLVFR  0.12
CYVCVFR0.12 CYVCVFR0.12 CYVCVF/R 0.16 CYVCVF/R 0.16
CTVFR 0.12 CTVFR 0.12 CTVFR  0.12 CTVFR 0.12
CLBVF/R 0.12 CLBVFR 0.16 CLBVFR 0.20 CLBVF/R 0.24

RNABRAR G 2L
RNA template dilution ratio

Marker 10° 10+ 10% 10° 10 102 10° 10% 10% 10° 10' 102

‘—'-—----------

gt i d—te ] — 612 bo CYVCV
O D GG CRDD cuee ONE GID Gom GPP GUD QD s *462bgCTV

D = - - - . — 294 bp CLBV

B 1 %E RT-PCR RREERSREHL
Fig. 1 Optimization of primer concentation of the multiplex RT-PCR

BJGRFERARIS 45 R 2, 2B JGRFEN 52 CHE, 4 Bl Rpd 19 5k 3885, BAE H %
W T WL AR R R I A, BEE R KR M T, RS RS B WSS, fE 585 C
I, 4 B e H B a0m BT HARRF Y 1 s, IR R AT RN, CTLV M1 CLBV H 29"
WEyEas, PRIUERA IR KRN 58.5 C.

3B 4 3 ¥/ °C Annealing temperature
Marker 52.0 52.8 53.9 55.2 57.0 58.5 59.5 60.0

2000 bp —— [

1000t — e " CTLY
I — — 612bp CYVCV
500 bp— [ ---.-S' — a2pCTV

B2 %ERT-PCRRNERBNEEMRL
Fig. 2 Optimization of annealing temperature of multiplex RT-PCR
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YR DL BRI 5 , BsE 4 PR R0 2 B RT-PCR MR R AN 24 0F, BAR R N
25 uL: RNA B4 1 uL, CTLV b F¥#514 (10 pmol - L™ % 0.3 uL, CYVCV L. TFiEs1# (10
umol - L) % 0.4 pL, CTV E. F#E514 (10 pmol - L) % 0.3 uL, CLBV _E. Fi##514 (10 pmol - L™
% 0.5 uL, 2x Step Buffer ZE/¥% 12.5 puL, PrimeScript one Step B#/E 53 1.0 uL, RNase Free 818/K 7.5
uLo RPZAF: 50 CFE3% 30 min, 94 CTIAEYE 3 min, 94 CAPE20s, 58.5 CiBk20s, 72 C
FEAH 1.5 min, FEOEFF 35 W%, F 72 CHEMH 7 min. FIFHi%% ERANK RIE4T 4 MomEy 1, 55—
RT-PCR 3% fir /3 5% i AT L, 4 FioRiE% B 102 de 5 LS 208 (3D,

CTLV
CYVCV RR R R
CTV Negative

Marker CLBV CTLV CYVCV CTV CLBV control

2000 bp — |-

1000 bp — NS —889 bp
750 bp — | 12tp
500 bp — Pom—y — 462 bp
250 bp — £ . 294 bp

B3 ##HH% 4 MR ESE RT-PCR ME—FHF RT-PCR I MER LB
Fig.3 Detection of the 4 viruses by multiplex RT-PCR and single virus RT-PCR

2.2 %E RT-PCR REEREM

RNA BRVIGAIKE N 530 ng - pL', ZudBEEERREIS, TEMEMRBIAMET, R HB—
RT-PCR H1Z & RT-PCR #4791, #EAT REUZHE T (K 4).

R RNA AR RNA
0 A - 2 A 10% & 10° 101 102 103 10* 105 10°
ETL Marker 10° 101 102 102 10* 10° 10 oYvey Marker
19(5)8 gp— — 889 bp
p—
00— CTLV
250 bp—
CTV
1000 bp—
750 bp—
500 bp— L 462 bp
250 bp— CTV
% RT-PCR
1000 bp— — 889 bp CTLV
750 bp— — 612 bp CYVCV
500 bp— — 462bp CTV
250 bp— — 294 bp CLBV

B 4 %= RT-PCR f18— RT-PCR ¥ 8 R LK
Fig. 4 Detection of the 4 viruses by multiplex RT-PCR and single RT-PCR
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PR R 225 CTLV (I R B AR Y, FERORARRE 2 107 I i W 2 BB 4t 1. o
— RT-PCR %} F CYVCV. CTV. CLBV KK R % 5 3 n AR BEZE 107, 107, 107, £ &
Rl ZAUATIER] 107, 107, 107, FEt, SAELRERY, B RR R R, AR R 5
JE 210 %2 BRI A 2R (10 10 185 o T 22 37 F) 22 B AGI # R BB A B A 0.053 ng - pL 5 RNA & I H CTLV
M CTV, M 0.53ng - pL" 5 RNA R H CYVCV, M 53 ng - pL™' # RNA $4&3 H CLBV.

2.3 %E RT-PCR xRN

NS ) % B RT-PCR J7 1246 I FH 1) SR IR BEALURRE 1 59 I FEA, g5 E7R, LA CYVCV 11
K R e m, 1A% 54.2% (32/59), HION CTV, K HZEAN 49.2% (29/59), CTLV il CLBV i H %
AN 23.7 (14/59) R 11.9% (7/59). B 5 9o H R & R 25 5 K 45 R 5 #.— RT-PCR
TriERT I g5 R —5, PN 2 B RT-PCR A UEA 8 o

2000 bp—
1000 bp—
750 bp —
500 bp —
250 bp —
E 5 %E RT-PCR HEHRAENER
M: DNA Fr#E%r 78 DL2000; ¥KiE 1 ~15: 15 frHIEEES; N: BIEIE; P BHMEXHIE.
Fig.5 Detection results of field samples by multiplex RT-PCR
M: Marker DL2000; Lane 1 - 15: 15 field samples; N: Negative control; P: Postive control.
A \/\
3 Wig

AR UL 2 #H RT-PCR fadlfA &, A [EE0 CTLV. CYVCV. CTV #l CLBV, ¥ 34 ffg
SIS . PR PE KNS T 889, 612 462, 294 bp, £ EH PCR 45— H TR, &SP
R A T LR 35 . SRR RE R, 325 CLBV 5149 % £ 0.20 A10.24 pmol L', {HY
WS RE AR — BRI, S5 A AR R LRI 45 I, W RS B AR Y IR BE A
K, FRGEREH, CLBV Hi#E PCR A R BUZAML T H AR 3 Fppide. REVEMR LI, @12
#H RT-PCR % #.8H RT-PCR REEME 10 544, ATRERA S| WIAFAE w4, I sem H R
FKAUEOL, HHIAESRE ., TSR 2 =ZRERNT (X 55, 2015; XXX 55, 2016). i
FHAHI FAE S PRI 2, ) H RS S Al 45 SR 5 B RT-PCR Rl 45 SR 58 A A, 3R B Fvfk i vk
B

A EE L[ 2 B RT-PCR K R 0T SEI 4 Bl s 25 1) IR, 5 ©4F £ 8 PCR &l A £ 4H
b, A8 T ISR PR T R IR R A S AR B 0 B A A I PR B, HLBE R R S R
B, &G RHEEAE 2 A, AR E R AT IR R HEE L
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