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Establishment of LAMP Assay for Detection of Citrus chlorotic dwarf-
associated virus (CCDaV)

LIU Kehong, CHEN Hongming, ZHOU Yan, SONG Zhen, and LI Zhongan"
(Citrus Research Institute, Southwest University, Chongging 400712, China)

Abstract: The specific primers of Citrus chlorotic dwarf-associated virus (CCDaV) were designed
from the conserved region of movement protein(MP) gene sequence which available in GenBank;, and the
reaction condition was optimized. A loop-mediated isothermal amplification (RT-LAMP) assay was
established for detection of CCDaV. CCDaV was detected while Citrus tristeza virus (CTV), Citrus tatter
leaf virus (CTLV), Citrus exocortis viroid (CEVd), Satsuma dwarfvirus (SDV) and Huanglongbing

(HLB) were not detected by the LAMP assay. Sensitivity of the LAMP assay was 100-fold higher than
conventional PCR and same as real-time PCR. The positive rate of 50 samples from Yunnan, Sichuan and
Chongqing by using the LAMP was 6%, same as conventional PCR and real-time PCR, suggesting the
LAMP assay could detect CCDaV from field samples. The LAMP assay is a specific, sensitive and rapid
method for detecting CCDaV.
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ARG BT A AR ) — AP L, EE A T R HIL (Cinar et al., 1993; Kersting et al., 1996),
AT E S X WA R (AR B %, 2013; Guoetal, 2015). CCDaV b HEEHIR DNA %
B, BT RO &M TR (Begomovirus), AIIEHALHE, B nl@ i MK Bl (Parabemisia myricae
Kuwana) 143k (Korkmaz et al., 1995; Loconsole et al., 2012), CCDaV nJ[{Z 4L Fifii g% 1, 5l
G R TE . M, e SRR, R SR N, PR EEAC, C4 R H ARG g R T
14512k (Loconsole et al., 2012). 2008 FAXAE 1 [ 2 p B WY — AN SR Pl v A I I % 0 10%., T
] 2015 X —Hu X S8y se A e O B TR 30% (Guo etal., 2015).  H i G5 i M AR Rl 4 0
IR A 20 WERf . R PR ARSI 5 V2 A2 ARG 2 4 A o R N7 G s 15 1 B A R I 4
HILRBE o

AT CCDaV W ZhEE (MP) JERPHIRT T H S RLRY 1 (Loop-mediated
isothermal amplification, LAMP) SI#)JFEEAL 7RI J7vE, RIOHZW R L iivtemf . o, PRI i As
.

[ VL SRS DARE

11 fafk#rs
BORFRU AR JKYL T CCDaV. HiMGEER 7 (Citrus tristeza virus, CTV). HIA&#ER -5 75
(Citrus tatter leaf virus, CTLV). &2 W27 (Citrus exocortis viroid, CEVd). iM% M 2
43 eE (Satsuma dwarf virus, SDV) FIHIM% I Wi (Citrus Huanglongbing, HLB) A g FR (104G
2 (Citrus aurantium ‘Daidai’ ) 542 135 B PG B K2 ARSI S0 16 SR AR P AR I 7 rp 4t . A
= UL EPCREE 50 e S B FE JC D) ve kT iR ML UKBERE . L far 2R IR AL F Al
W7 Bst ZEA M. BRI A D)BE Mbo [T 1156 [F NEB AF]; SYBR Green [ i 5 b5t i [ 5
EFARF R T A A ;s Trizol W H 32 Invitrogen /A #]; Gel Extraction Kit I H ¢ [F Omega 2\ 7l ;
Betaine I [ 3 [H Promega /A #); DHS5a 4 H H[H BioMed AFl; 5SI¥HETAY T (L) B
ARRAFG G Hailmss ok - o el .
1 #%: Varioskan@ Flash &R 13480 & 4 (32 [H Thermo Scientific /A ); TGRADIENT %! PCR 1%
(3£ [E WhatMan A 7] ); Power300 HLK{X (3E[E Bio-Rad A ] ),

12 3¥IEM

R 4F GenBank %3k [f) CCDaV (KF561253) JENAUFH, EH MP JEN P8 LRR, AEH L]
(1) LAMP 5|9 01 A4 primer explorer 4.0 Chttp: //primerexplorer.jp/elamp4.0.0/index.html) 11 75]
W), 1FEVEENT 6 AN X 4 SRR PED Y, 4% Loconsole 45 (2012) (175754 % PCR FISER 2
PCR 1514 (3 D,

1.3 LAMP &k #&
B 50 mg AR S IR, 4% B Trizol i) Ud W T 3R BUORE St ISR IR, fRAF T - 20 'C& M
JRINAKZR Ky s MR 2 uL, 10x Bst 220 2.5 pL, 25 mmol - L™ MgCl, 3 uL, 4 mmol - L™ Betaine
2 uL, 10 mmol - L' dNTPs 2 uL, 8 U - uL"' Bst & 1 uL, 20 pmol - L™ FIP Al BIP 4% 2 uL,
10 pmol - L™ F3 F1 B3 % 0.5 pL, CHEKIMNEE 25 pLo RN EAER: 64 °C 60 min, 80 'C 5 min. HX
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FHHG RREE IR A AR P 7 LAMP A& 2 (1% ST,
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3 uL P 1.5%BE B e vk 20 Mrs [ BZE = inN 1 pl 100 £5F B¢ SYBR Green [, #£3%
RA), HAMEg: R,

F1 K5
Table 1 The primers in this study

& AR IFH (5'—39 TR BKEbp SH% IR
System Primer Sequence Product size Reference
LAMP F3 ACCAGGAGTGGAGGACAAT

B3 CCTTACACCCCGGAGGAA

FIP ACCTGGGCCTCCTTCTTCTCTTGGGACAAGCCGTGTAACG

BIP AGAAGCCCAAGATTGCTGGGGACCTTTGCTCGACTTTCTCC
PCR 3202fw GTTCTGTGTTTCGACCCGTT 444 Loconsole et al.,

6brev GGGATTCGCATGGATAGCTCATCCAA 2012
SEINPEE PCR - 1583fw GTGTTGAAGGGTTCTCATTTTTGTC 68 Loconsole et al.,
Real-time PCR 1650rev CTACTTGATTTAGCCGCGCTTAG 2012

14 FYETE

¥ LAMP P43l B vk 0 B 5, YIBUR/N 200 bp ZeA7 10455, TR IEBGR ) & [Pl H A
FrBOERET pMD-19T #5044, JE8 W% N KT 1# DHSa J852 240 M0, 358 B PH M v b 06 3] L v e e
FERLA S AR A FN . 745 RAE GenBank HE4T /741 EE X o

FIH BioEdit k{45381 LAMP F=#))741, EREBRHIE A VIR Mbo T T RED) % e, THBE ) A B
g 81, 108 F1 127 bpo FARF G TR TEFD), HU 15 uL BEVIF=Y0 ) 3% 35 IRk i v ik -4 T 20 #7
1.5 %S

S RIFEEUR S T CCDaV. CTV. CTLV. CEVd. SDV fil HLB ££5L 1 Mg, HE 7 LAMP
JrEATREI
1.6 REELER

M52 G CCDaV A S I SAZIRIREE, JH8 3L 10 Rk Ja 48 AR, 435 F] LAMP. PCR Fl15Z
it 6 PCR (Loconsole et al., 2012) J7 a4 7/0m .
1.7 LAMP A %8957 F

PRHL 50 3 SEAE S I RAZ IR, B FESERI 3 ANEE, FENLK) LAMP 5 ykdb AT, &)
Z M Loconsole 45 (2012) #1371 PCR FISEZH%¢ 9 PCR J7 i #E S HEA TR, X} LAMP 45 R uk4T
IOAE o KT BHPERE S EAT R 21 50T

2 R

2.1 LAMP &)

H LAMP 1A &5 #4854 CCDaV Ff 5 1 RAZIR,  FEIK TR 2] LAMP = #0%8 5k 1 BRIk 2571
KR BT G454 (B 1. 7577 N SYBR Green | J5, CCDaV BHYE =48 s th, i
T FE RIS K6 FE =4 & SYBR Green [ 4T EEtA, M (& 2),
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127
wslﬁl’p

81 bp

B 1 LAMP F=HErAERE B ke
M: #R#ESr T 10 CCDaV #ffh: 2: i HE

3: /K5 4: MboITREI =4 . Fig. 2 Visual inspection of LAMP products
Fig. 1 Agarose gel electrophoresis inspection of LAMP products 1: CCDaV sample;
M: DNA Marker; 1: CCDaV sample; 2: Healthy control; 2: Healthy control; 3: Water.

3: Water; 4: LAMP product digested with Mbo Il .

22 FEHMEE

¥ IR Y CCDaV F i 1) LAMP P4 ik 70 25 )5, DIEL 200 bp Ze 47 45 i AT v b, 345 1
KT velE Fr BN A 193 bp, 1 GenBank AT P4 LX), 5 GenBank H1[1) CCDaV (%35 :
JQ920490.1) AZH IR T AR TE N 96%, 1 HIZRAF 741y CCDaV HI%EH 741 .

CCDaV P4 Mbo Il BV 5774 81, 108 #1127 bp 4%y, HBESAEANST, WK R 1
FEMRG BT CCDaV SRR A (1),

2.3 $55FHIEIIE

FHEEZ) LAMP J5 k&% T CCDaV. CTV. CTLV. CEVd. SDV #1 HLB [k, HA
CCDaV K &s S BatE (B3, K 4), FUiZ4E & R0 cCDav.,

M CCDaV CTV CTLV CEVd SDV HLB
CCDaV  CTV CTLV ~ CEVd SDV HLB

500
400 12}:

3 LAMP GhR4 AL MR R Ak 4 LAMP kR SAERN TR
Fig. 3 Specificity of the LAMP assay by agarose gel Fig. 4 Specificity of the LAMP assay by

electrophoresis inspection visual inspection
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24 REELR

ZM5E, Y CCDaV K I AL IR IR
52 %107 pg - uL™, 2010 F5B6 R RE T RS
WEE R L 7R, PCR AR 1 fe /N A% FR IR JE A
52 % 10* ug - uL™', S %% PCR Al LAMP A
U 0 5 /N AL RIS N 5.2 x 10° pg - pL!

(K5, e, K7,

LAMP [ R 8% f& PCR [ 100 1%, 5 sgid

96 PCR 1) RABSEAATA] o

&L Cycle
6 EZBYSEK PCR AR G

Fig. 6 Sensitivity of real-time PCR

25 LAMP FHiEHIM B

5 900 5.2x10 pe°
= 800 == 524107 pg-
b=
= g - ...7/-—~ 5.2+10% pg-
ﬁ_gﬁm- / / 5.2x10% pg
i {
3 500
g £ a0 {
~ 7 / 5.2x10° pg-
B o5 300 - / /
== 200 | / /
S.é o i fa"
o
ﬁ,élm- / ,/-é/
g 0 - 5.2%107 pg-
& ; . . .
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H.L'I

500 bp
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400 bp

5.2 pg - plt
100 10 10°

M 107

10 107

444 bp
.

Bl 5 PCR#&MREE
Fig.5 Sensitivity of PCR

5.2 pg - pL!
107 104 10

10° 107

7 LAMP &I R¥E
Fig. 7 Sensitivity of LAMP

I LAMP J7EMK A 2B« PUIPRTE R 50 ANBEALURE i ARl 3 /M e T CCDaVv, £
HARN 6%, 3 NEIRFER IR A 2 IC 5ok . 1 PCR RSN 26 PCR PIAH 535X 50 A
BEAVRE S IEATAL I, SR LAMP PRI A R — 50 Gk 205 RMEMER R 3 DR EER i
—EL WA K LAMP A0 7R T CCDaV H RIFE i (1

3 ANBHPERE S TR vl BEK/N R 193 bp,  HARZATIR T4 RS PE R 100%.

®2 HEHmENZER

Table 2 Detection results of field samples

WX g ﬁﬁfﬁﬁf B PERREL Positive nu;l:?;);frﬁ .

Region Vanety samples LAMP Real-time PCR PCR

2 Yunnan Jt 715k Eureka Lemon 7 3 3 3
VKHERS Bingtangcheng 5 0 0 0

PO )il Sichuan TR Eureka Lemon 7 0 0 0
M E M Satsuma orange 5 0 0 0
214 JRIF . Newhall navel orange 4 0 0 0

TR Chongqing JE 157 Eureka Lemon 7 0 0 0
VP HAl Shatianyou 6 0 0 0
M B M Satsuma orange 5 0 0 0
414w R JFF# Newhall navel orange 4 0 0 0
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3 e

AHFFELL CCDaV ] MP JERFHIA bR, Wil TE 6 ANMXIR 4 S0 kg9, @ T
CCDaV (] LAMP #7772 1% 73l CCDaV, A5 CTV. CTLV. CEVd. SDV fil HLB
X5 PG R R AR I N, BT VIR S . Loconsole 55 (2012) #5377 CCDaV ) PCR
FISZIN 529 PCR Rl 77725, LAMP RS2 %€ 56 PCR (1) 2 A5 2 PCR KL 53 1) 100 3%, 36 W] LAMP
55586 PCR J7 V35 Al 6HIE A5 =11 CCDaV A i AT R 6 AS DU o 3 FHASIF 5T 2 571 LAMP J772:
S FHTA] 0 50 ANEESFEAT T A, 45 5L 5 PCR FISEIN 9¢5 PCR 5 kIRl 45 5 —5, 0 W]i% 05 %
A TR FH R S o SRR PR RBAR R BER L 51k D A5 AR TR I, g iU R
BB i 1K LAMP B85 I % PCR AN 732

LAMP J5 VAR RUE s T PCR, 592 9% 5% PCR AR, BXI LAMP A%} T PCR #8505 iAot
CCDaV #EATATI . PCR AL %0 PCR T AHMN RIS, #F b HUREAT [0 SE36 =400l 1) LAMP
ATE K R EBOEAR TR AT OB, G B, v AT DO RE S A TR, BB 25 T FE i s i in
A, IR RERAG BRI A5 L, ke T IS K T ORAE AN 2 B R T B S R L A
JE LR B, PRI LAMP LG PCR FHSE I 2¢ % PCR B IE A5 71 FH 1] J 38 2 B A

LAMP J73 T REE R, BRI (0 P o, 3 50 IR P Bk 4%,
2013). PRIUCERAELZUENTE . 40y, IFED FIIRNRBE FE KX 2R 2, AAEINFEX N LAMP 7= 4yidk
ITATATERAE, PRFEINAE X S0, BB P 2

HH[AIRE S 1 3 AN BIPERE S 2ok B = rg i R — S, B MP R AL R P 41 [R5 2 100%,
A AR AN IE A 1) AR FHRAEIE Y CCDaV 783 e P8 1AL 76« A 2097 1G53 iifte Je M 3 1AL 1
TSI TR R JLIRAE FH R AT AR AR, N e ) R BYAE TR, BT
FEMMAE AR 1 nT I B A 36 1R 08 508 s A B U B
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