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HIZE RS RT-LAMP &5 EMELSN
H

3 4 BRF. RER. A B, WEE. 2%

(ARG R, FERWEEGAA RS AT, BER 400712)

. WIS NCBI B EHAESE %7 (Citrus psorosis virus, CPsV) HI#M7 A (coat protein,
CP) HERFFIT T 4 4R mtEs1Y), W —RH0Uk, fkIFsREG 1 A%mmsif. PG CPsV 1)
FHAGI A A RNA 9RER, KA —#57% RT-LAMP (One-step reverse transcription loop-mediated isothermal
amplification), 7E 60 ‘CF /. 60 min, XF9 84 MyHEAT BIEME FRUk Z0 Hr,  [RDIN 000 5 G e PR P R U
SRR, AL RT-LAMP Kl 77 i ge e vy 1 CPsV, REUZA RT-PCR [ 10 f5. ]l RT-LAMP J5
o0 87 A HIEIRE ShEEAT RN, KA 5 AMFERIEGE T CPsV, HAa 45 RS RT-PCR ¥ —%(. RT-LAMP
ERAR R RS BRAER A POESERR R, EAXT CPsV AR S PRI 5 4 .

XA MG NGBS RT-LAMP; Kl
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on Citrus psorosis virus
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Abstract: Four sets of specific primer pairs in the conserved region of the CP (coat protein) gene of
Citrus psorosis virus (CPsV) were designed for One-step RT-LAMP detection system based on NCBI
database. One feasible pair of primers was screened to be suitable for this system. Template RNA extracted
from CPsV infected citrus leaves was used for One-step RT-LAMP, and isothermal conditions were
optimized to be 60 ‘C for 60 minutes. The agarose gel electrophoresis analysis of RT-LAMP products
indicated that the established RT-LAMP system was specific and sensitive in detecting CPsV and 10-fold
higher than RT-PCR method in sensitivity. Of 87 samples detected by this RT-LAMP system, five were
found to be infected by CPsV, showing the detection result was consistent with RT-PCR method. Hence
this RT-LAMP system is applicable for rapid and accurate detection and identification of CPsV.
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FHA 5% B 953 A& FH AU A % K2 795 5 (Citrus psorosis virus, CPsV) BIFCHT, %% H 20 g 90 A48
755 [E 2 EA AU AAE e WA R IR, FHARFERTRLGE . PEEEZF . & K. BORHSEEZK Z K4
(Roistacher, 1993), {HAEH[E A WARIE . A4 % B o8 2206 AR L 6 ) ORI 58 B2 M A, P 5]
B A ST (g B g R ROT 2R, JFHEBEAR U S eI, R4 CPsV e IR PR ™ 1A
70% (Achachi etal., 2014). AHHHE % K25 12 208 1 AT 1488 (Martin et al., 2002), P IE49H
I A B th 7] LLAL 3% CPsV (Palle et al., 2005; Vaira et al., 2007, 2009). 47k 155 A @5 52 %5 A (PsA)
Ak g% B (PsB) PIAPIEAL, DL PsA H W, SRR T B (b2, ARBTH S8 AR .

CPsV J& T#eJEWi 8kl (Ophioviridae) YIEIREEIE (Ophiovirus), f&—Fh =R 84 RNA
WiEE (Garciaetal., 2017). CPsV RIRERRL T BA R MLIPAZAKSE, HAE 3 ~ 4 nm, AIJERAEH
IR, EHRES AL 2R . CPsV FE R4 4K 4 12 kb, RNAT 9 AN SR 280 kD K4 RNA ) RNA
&M (RNA-dependent RNA polymerase, RdRp) (Naum-Onganen et al., 2003) F1 1 NIhEEAR KK
24 kD #H; RNA2 ) HAMESmbY 54 kD iz 3 & 1 (movement protein, MP) (Robles et al., 2013),
RNA3 [ H A MEgmhY 49 kD 14b5¢ & (coat protein, CP) (Barthe etal., 1998).

KT CPsV A EZAT ELISA. 43 74458 RT-PCR 4y lisi %5 777k (Martin et al., 2004;
Achachi etal., 2015). 1 RT-PCR V% 2 5 5t A I &5, H RBUZ ARt — D HISE s : ELISA.
AR AT I T AR E S EE, HRBUER. AN FEEAZIRY 1 (Loop-mediated isothermal
amplification, LAMP) AR 4 264557 5|9 F1 DNA # B # K 58 (Bst DNA polymerase) 7E{H
WA T —ME S FARMH AR (Notomi et al., 20000, B2 72 N FHHEE B RN 2,
2012). HiEEE (BRE 4, 20130, MHGEEAIKIIR UREE 48, 2015). GRS (BU,
2013). MIH#EEEIRE (Warghane etal., 2017) FIMIGHBSRIERAE (XIRHE 55, 2017) S5 2 MG
FARLMLEE o AW TR H B JE AL —FitS CPsA Hp S PO RN JT%, 4 JE ARG 8k s o 1 H 1)
PRI N FH 81 2 FE A o

O L SRS DARES

1.1 A

2018 4F 3—6 I, TEVURE KM RS BT 70 HT I SRR B A I 25 rh Lo SR AR A8 BRI LA S IR G T CPsV
MG ACIK IR (Citrus yellow vein clearing virus, CYVCV). MHEZEIREE (Citus tristeza virus,
CTV). &M B EE (Citrus leaf blotch virus, CLBV). #i{#& 3 %% % (Citrus Huanglongbing, HLB)
(PIAAG RO A o, VRS, - 80 CIRTEAH

1.2 1E4%)5 RNA BY32EY, RT-LAMP 5|44 B F0E 1%k

B 50 mg ARl ARG I, 4508 Trizol B0 B P HR IR 5t ILSAZ IR, RAFE T - 20 C&H

R4 NCBI #4122 8 3% 1) CPsV CP 2751 (MG673946), {84111 LAMP 51 )30 iH 5 i
primer explorer 4.0 Chttp: //primerexplorer.jp/e/index.html) BEit514), SRIEXT 6 NXIHA 4 HEr R
HESIYF A, il PCR F14FI A primer 5 &1t (R 1.

1.3 RT-PCR K&
PURELI S RNA AR, FIFH CPsV IR U SI 0 HEATH 18 . RT-PCR — B9 WA &R : LA 1 L
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RNA FT 1 pL ddH,0 M, 28 PS5 I 10 uL Y8 47 (2 x 1 step buffer 5 uL, 10 umol - L™ ff] CPsV-F/R
# 0.2 puL, PrimeScript 1 step Enzyme Mix 0.3 L (TaKaRa A7), Prime Script® One Step RT-PCR Kit
Ver.2), ddH,0 4.3 uL]. ¥ #44E N 95 Cf4E 5 min; 50 ‘CJ#% 30 min; 95 CHiAE M 3 min; 95 C
AP 30, 60 ‘CiBK 30s, 72 CLEM 255, 35 AMEIF; 72 CLEMH 10 min.

1 BRI S RT-LAMP 1 RT-PCR &M A 314955

Table 1 Primers for the RT-LAMP and RT-PCR detection of CPsV
I
T SR (53 51 Bt
L Primer name Primer sequence Location
combination
I F3-5 CTTTGAGTCCATCAACTGTT 99~ 118
B3-5 TCACTCTGAAGCTGACAT 288 ~ 305
FIP-5 (Flc-5+F2-5) GGTGAAGGACCAACTAGGACGTTGCTGAAATCTGCCTC 161 ~ 180, 121 ~138
BIP-5 (Blc-5 +B2-5) GAAACCCCTTGTTCTTGTCGGGTGCTATAATTTACAGCCTCA 207 ~ 227, 267 ~287
Il F3-75 AATTCCTCACTGATTTGTGAT 638 ~ 658
B3-75 CAACTTGTTCAAGATGGAAC 834 ~ 853
FIP-75 (Flc-75+F2-75) CCTGGAAAAACCGATGATAAAAGGCACCATCATACAGCTTCG 709 ~ 732, 669 ~ 686
BIP-75 (Blc-75 +B2-75) CCAAGACAAATGCCGCTTGAGTTGATGGAGTGTGTGATT 753 ~772, 813 ~831
il F3-77 TGTGATAAACTTACATCACCAT 653 ~ 674
B3-77 CAACTTGTTCAAGATGGAAC 834 ~ 853
FIP-77 (Flc-77+F2-77)  GATCTCTTCCTGGAAAAACCGACAGCTTCGATTTGACAAAC 719 ~ 740, 679 ~ 697
BIP-77 (Blc-77 +B2-77) CCAAGACAAATGCCGCTTGAAGTTGATGGAGTGTGTGA 753 ~772, 815~832
IV F3-88 GACTTTCCTTTTATCATCGGT 703 ~ 723
B3-88 GATGGTCTGGTTTATGTCTC 878 ~ 897
FIP-88 (Fl1c-88 + F2-88) GCAAAGAGAGCAATTCAAGCGTTTTCCAGGAAGAGATCCT 766 ~ 786, 724 ~742
BIP-88 (B1c-88 + B2-88) AATCACACACTCCATCAACTTGGAAGGGAGATACTAAGTCACT 813 ~ 834, 854 ~874
CPsV-F GGGACTTTCCTTTTATCATCGG 701 ~ 722
CPsV-R GCTGGAACAAAGATACTGGATGG 893 ~ 915

1.4 RT-LAMP % N &Ea91E1E

SNV FEVEE N 58, 60, 62, 64, 66 F1 68 C; JMNHFIE]A 30 404 50, 60 70 A1 80 min;
FIP/BIP : F3/B3 S| EELL A 2: 1. 4:1. 6:1. 8:1. 10: 1 Ff112:1 (Lu et al., 2018), H#iRLk
25 BIHIE ) RT-LAMP F SN IREE « SN [A] AN A8 51 ) b B R4 o

1.5 YL E

4 RT-LAMP =48 1.5%I1 B JEHE B Bk 70 B 5, DTHUR /N 200 bp 724 192647, FRR BIIGR
A B AR i BT pEASY-T1 8UA, EHF=WFE N Trans1-T1 B2, IREPH M w2k

B PREERDOVAE Y EARAT B 5 IR, Kl 7 45 FAE NCBI $d e #EAT HUXT

1.6 RT-LAMP 5 MME

43 PIHZE A R (K A S & 4 CPsV. CTV. CYVCV. CLBV M1 HLB HIMHGRE i 1 S A% R AR,
FHFESL Y RT-LAMP A& R 3EATKG0 o

1.7 REENZE

PRI CPsV HIATAGRE 5 A RNA 22 Nandrop2000 479 FE IR, HK L BL 10 5B BB 2 107
JaVE R, 45T RT-LAMP £l RT-PCR & .
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1.8 RT-LAMP #3075 3%/ R BB

PREUNIEE . =FE [P R VLRI )IREER) 87 My Beftl CPsV FEM I EAZIR, Bl AL
LI RT-LAMP [RSIIAR R AT RT-PCR 1) 5 v 3047 R0, B i W 6 J W Uk AL 560 S B2 P2, 5%+ BH 42
FE S AT o B I 56T o

2 AR5

2.1 BB %S RI-LAMP #0540 5% i%

TRIEZE L 51 BT A ¥t T 4 4H51%, 2% WarmStart® LAMP Kit 4 &E’J%l%@ﬂ b SR 2%
f#: WarmStart LAMP 2 x Mix 12.5 pL, 10 pmol - L F3/B3 0.5 uL, 10 pmol - L™ FIP/BIP 4 uL, RNA
2 uL 7K HME S 25 ulo 60 ‘CH 714 60 min, HA F3-5/B3-5. FIP3-5/BIP3-5 (15| ¥4L &4 48 2677 A
T HAR S A EEM, R E %5 A S ARSI A S

2.2 CPsV RT-LAMP sERMIEE . BB AKX AN | I E

%% WarmStart® LAMP Kit 5 H OSSR 2R, 43 S50t s i B R TRl AT D dk . il 1 B,
CPsV RT-LAMP £ 58 ~ 68 CH¥JHH Y, 60 CHI 2% 2 B BB ERR BAE 100 ~ 200 bp 76 4414 4%
AR 40 ~ 80 min A FEYFEH, H 60 min f5 R KA HE M. SIMIE RER, A
[F SR LAY 1, 454 WarmStart® LAMP Kit 45 ISR 8¢ 1. BRIk, #isE %
SN IR E 60 C . B IE] 60 min. PWAMSIH0IRELL N 8 1.,

i B/°C Temperature [} [E)/min Time

M 58 60 62 64 66 68 ok’

g s, | e, | e, | e
Pt e B )

H la | '; l!

*
&
' 8
&

1 CPsVRT-LAMP R{ERERE ., FEHLE
ok FURHR: M: 4rFEFRIC 2 000 bp.
Fig. 1 Screening of the optimal temperature, time for RT-LAMP
ck’: Negative control; M: Molecular marker 2 000 bp.

23 FYEE
TG B R A AR AL IF FC BT R AL A0 I CPsV AR AT I H B i i LAMP P24 LK 49 38 )5, BIER 200 bp
ARG AT TR, W45 SR B AT e BE G R BOK /NN 206 bp. 76 NCBI #8122 Fr itk 47 /5 471 Ee Xt
sEIRLELH, H5 CPsV REMR P-121 I ERFIVEMEAN 96%, WiBHIKIFHIFESIA CPsV L A4
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2.4 FFRMIGIE
FHEEST ) LAMP 7RIS T CTV. CYVCV. CLBV. HLB 1 CPsV HIkEM, HABERRT
CPsV [FIRE AR I 45 AT Bt 26 (] 2), FBIAR R 0T LIS S A Il CPsV .

KRR
M CIV CYVCVCLBV HLB CPsV HO Health

~

2 CPsV RT-LAMP #®ill$§R14
Fig. 2 Specificity analysis of CPsV RT-LAMP assay

2.5 REEWIE

HELT 1 ANGNE Y CPsV AL BIHHIRY) OZIRRIRE )Y 2.0 pg - ul™), 2810 fEBL SRS
ARSI SE 5 (& 3) Sox, RT-LAMP H1 RT-PCR A K I (1) e /MR FEE 43 5114 2.0 x 107 F1 2.0 x 107
ug - uL”', [HUk, RT-LAMP [ R 8% & RT-PCR REUZ K 10 1.

Fi A5 2% Diluted Fi (5%, Diluted
M 10° 100 102 10? 10+ M 10° 10t 102 0% 10*

3 CPsV HI RT-LAMP (A) 5 RT-PCR (B) REE»ILL
Fig.3 Comparative analysis of the sensitivity between RT-LAMP (A) and RT-PCR (B) for CPsV

2.6 RT-LAMP 589N

i RT-LAMP 55 MRS . =8 T 0. B TLPERIDY ) I SREERT 87 4 BEAURE S Bk 47Kl ,
H 5 K E] CPsV, %K 5.7%. H RT-LAMP 1 RT-PCR ¥l 45 5 —3 (F2). PR
FaE R R, WEIFRMA XSS MG673946 (NCBD) 113 S ARAE: 23 51 94%F0 92%.
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®2 HE#RENER

Table 2 Detection results of field samples

X mi FEmREL PE RS Positive number
Region Variety Number of samples RT-LAMP RT-PCR
WIF Hunan KA Orah 10 4

= F Yunnan TEAA Murcott 30 1 1

J" 78 Guangxi KA Orah 7 0 0

#EFK Chongging TE4ERF Oweet Orange 15 0 0

YL Jiangxi A1 /K Navel Orange 10 0 0

PYJ1l Sichuan KM Daya 15 0 0

3 PR

CPsV ;e EE )& (Ophiovirus) WIARERM, TEHu R X ARG LML IX /A bLa)™, B
I BRI AL AR A TR ANTE 28, TR L X 12290 R 77 ¥ TR 458K ( Achachi et al., 2014) o AHF 50 H @ X CPsV
FHIRI AT, A CP R T 4 A RYESIY, S slimit, REAAERPA, B 7R R
I THE CPsV [ RT-LAMP J7¥2:. 1% 7EA TR 1 G /KBHATE 60 min P LR 5E X M, 1 RT-PCR
WM N 2 h A2 Ay, BT ERARSR, 5@, REENRe S, WRESREZEMIA REH. @it
REFELR KB, RT-LAMP ] R HE & RT-PCR REER 10 15, FIH RT-LAMP A A [F] 97 )5
WAEY R AR 22 5, IR A AR AR SR B AH SRR (Citrus chlorotic dwarf-associated virus,
CCDaV) REEZ/E RT-PCR J7iEM) 100 £ (XIEE 4%, 2017). &l CYVCV 52 RT-PCR 77741
10 fi5 (XIRLZE 45, 2015) R 3 R AR SR MBI 5 (Apple chlorotic leaf spot virus, ACLSV) & RT-PCR
11100 fi5 CGGRAUEN %5, 2018). A NIEBEKEE (Melon yellow spot virus, MYSV) & RT-PCR [f]
100 i (= 55, 2017). BN D4 E SHEE (Potato virus S, PVS) j& RT-PCR (1) 100 fi5 (ZE1g
i 5, 2018). Ll HZ PPIRPEE W EE (Sweet potato feathery mottle virus, SPFMV) & RT-PCR [1]
10 fi5 (I 25, 2018). AWK B HI514) FIP/BIP ] LU AR L5 M), T H F2 1) 54
Flc [ 5 IEE B N 24 bp (NTFESRI 40 ~ 60 bp), X AT REEIE AN 7T H RT-LAMP R ¥ 2
RT-PCR 10 £ IR A .

M EA W ASR . G PUmRtEsR. Ba53 77 RRSMER . i RERE S, 727 78,
FR DI, =Stk e . BREREE (19960 i v [E 76 BE i BT 51 33E it i A5 L b 47 24 B 75
BT T iR S e, HRABATERRELTIIME, A GE e 4 W e b iE s e . X2 E IR
TEH EFE WA LA ] CPsV, AIRESE B T3 JLAETE A [ K THARHE S PR A S i i X 2 (8] AN
TG 5| b B e P d s B
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