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TREREEABESIRT E—NMREMLL
FRNFERESL
o %, EEE, K, B OF, E %, BEME, ZEK KAAE

b AT Mol BB RHA TR, R S AL X E 2/ E Y AR 2 S AR O H) B S se36 =, JEativg k- 1m T
BRI F L, AL 100093)

W E: RIEEB4HE (prune dwarf virus, PDV) #h5E8E AR 741 1R SE XX & T4 71 5 1A
BREE, #L T PDV [ E A EE R A B 1 — MR Z HTil 4L 2% (recombinase polymerase amplification combined
with lateral flow dipstick, RPA-LFD) il /772, 1% 7745 1HiR 39 °C T R 20 min, BEAARg My 85577
IR KT, P38 A %= (amplicon detection champer) H I3 JE HT A4 S5 7E 20 min PN 2 I AT HLAL
RO R o Z5E SR AAPERE 7341 6 Fiii# (CGRMV. PNRSV. LchV-1. PBNSPaV. CVA Fil CNRMV)
TR R RGPERIEF Y], ] RPA-LFD J7 ikl PDV [ R G2 PCR 5k 10 . FlZ 7 i:A60
13 ANH RS, HARZE R PCR K45 R —3. RPA-LFD y: B A #MER B, R, REE . Rt
PR AL, IEE 0 PDV A P I S K

KB FR4imiee: ok, EHMREEY H—RZETAa%; K
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Establishment of Recombinase Polymerase Amplification Combined with
Lateral Flow Dipstick for Detection of Prune Dwarf Virus

CHEN Ling, YAN Guohua, ZHANG Xiaoming, ZHOU Yu, WANG Jing, DUAN Xuwei, LI Yanlin,
and ZHANG Kaichun"

(Beijing Academy of Forestry and Pomology Sciences; Key Laboratory of Biology and Genetic Improvement of
Horticultural Crops (North China), Ministry of Agriculture and Rural Affairs; Beijing Engineering Research Center for
Deciduous Fruit Trees, Beijing 100093, China)

Abstract: Recombinase polymerase amplification combined with lateral flow dipstick (RPA-LFD)
method was developed to detect prune dwarf virus (PDV) in cherry, using the specific primers and probe
based on the conserved coat protein gene sequences of PDV. The RPA method could be conducted under
isothermal conditions optimized to be 39 “C for 20 min, and the terminally labeled amplicon can reach
the detection level. The detection results could be visually inspected with lateral flow dipstick located in
amplicon detection champer within 20 min. The established method was specific and no cross-reactivity
was detected with other six cherry-infecting viruses (CGRMV, PNRSV, LchV-1, PBNSPaV, CVA and
CNRMV) . The sensitivity test showed that the RPA was about 10-fold sensitive than that of PCR. This
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method was verified effectively by testing 13 field-collected samples, and the results were consistent with
those detected by PCR method. The RPA-LFD detection technique developed in this study is a simple,
rapid, sensitive and specific method, which could be applicable for rapid and accurate detection and
identification of PDV.

Keywords: prune dwarf virus; cherry; recombinase polymerase amplification combined with lateral
flow dipstick (RPA-LFD); detection

AR EE (prune dwarf virus, PDV) Z#EZEMIEEEFR (Bromoviridae) FHiIATRE PR
BIE larvirus) L, REFEZRBENEEEZNFHTEL —, EHASH 2 06m, SR>
AR TR, & RE KL (Fulton, 1959; Pallas et al., 2012). iZREFEK 4 H 3 K IEH
B RNA 415, SUmA e T450, 3UmsiiE 4%, 3 % RNA 840 a3 1E 3 AN i sk ik o,
BEKZ) 8 kb (Bujarski etal.,, 2019). 1, RNAI gafy &l (replicase), RNA2 ik T RNA
] RNA &1 (RNA-dependent RNA polymerase), RNA3 #mf#2 521 (movement protein) Fl14h
FeHEH (coat protein), 3 HH RNA3 B4, MAMEHE I H RNA3 RIEK ALK 2 RNA4
724 (Kozietetal., 2017).

PDV A2 4ebk. 45, EEAK . BV RR AN Ak S5 A% S R, {H 3 e 5 A AR 2Bk (Fulton,
1959; Pallasetal., 2012). HTSMEFM WEEK R TFEMBRILMHMEAF, PDV FfEFRER
ZREK. PDV 5| ket . PEPREREEIABET . Y PDV IIREBRAE AR I IR R A
RIVEIR, ARRINERL. WAREARAR, GBI T, BSEIHRRE. I KA
AR (Pallas et al., 2012). PDV {2 LR EEHE T & % 50% 9%, 7] 5 v [ A8 ok B 28 2 T 1%
40% ~ 50%, MK HIRTS (Nemeth et al., 1986; Caglayan et al., 2011). B g ARV AT 5T T
1E 1992 ~ 2007 48] 5 HoAth A7 WiMVE 52 erg B ZREBR . FR AR ATAE RS 14 A I ZKA [F) SR o (1) 717 B¢
A, H ELISA VAR 72 24 000 #RAZ RN, PDV 2443 9.6%, H A EBkA 35.4% (Myrta
etal., 2003; Bouani et al., 2004; Glimiis etal., 2007; Mati¢ et al., 2008: Rouag et al., 2008), PDV
T 1996 FAEF [H W IRIE (Zhouetal., 1996), {ERIAHIX EEE. 25, A FIIM Bk S5A% 2K A
(BB, 2008), SRRk 32 7= X R AR i AR 3 2 — o bt FREDIVEHbIX . WIEE. 1L AR
WIS PR X3 PDV KA, RS BH0 IR (B REARAE i, PDV 1R Be 355 60% (7 36016 4%,
2015; XIHEF] &%, 2016; FIEEE, 2017; BkSR, 2019). PDV @it L EFEM R 108 fFh T
&3 (Mink, 1993), [k, RO 8 ZHEM RS P4 PDV S 5B R, 1702 AR TP s &k
[¥) PDV il 7732

H AT %t PDV FIRI 544 ELISA. B A 24%8 . RT-PCR. % & RT-PCR. #[K RT-PCR DL 2 5L
i 5% % € & PCR (Mekuria et al., 2003; Jaro$ova & Kundu, 2009; Peir6 etal., 2012; Beaver-Kanuya
& Harper, 2019). [KISEHIATRE PR B2 @ i 25 1 S )% i PEALS9 (Pallas etal., 2012), #AN 5l 4%
FREDUAR, NIRRT RS B, B AR SR A, 15 ELISA & R BUE k. BE
BT IRED, . RT-PCR. % & RT-PCR. # K RT-PCR 2 ¢t 5E B PCR 75 B 4%
B o R A, ELAEXS 2R .

BB R SEFY 1 (recombinase polymerase amplification, RPA) &K #i 4Ll 4% DNA 45
HEAMEE B DNA RAEMN—FPOE R B ERRIEIRY HHA, 5RI R4 ) JZ 0T 5 3
MM ZENTR4E4% (lateral flow dipstick, LFD) Z5& M, SZBlalfibaaill. HIFE . FIA L



M ¥, B4, skixmW, B 5, £ &, BREHME FEK, KITE
A4 7 T 2H R TR A I 1Y — DU AL 2 AT 4R S 7 4 2 5
[ &5 54%, 2021, 48 (1): 183 - 192. 185

WS AR AL T 51 205 50 5 A B 45 6 T8 U I —DNA £41), SRS SR+
(1) [R5 UEE DNA, Fifi 2 A2 5% B 45 R B, DNA G5 3 DNA A i, % B b5 Bodb AT 4851
[ 5 o B Rt AR il R EREHEE ) B RS i S, RE NI R T R R
(tetrahydrofuran, THF), THF # KW EZIE A UIEE IV (nfo) RAIFFUIF], TERCH IR & M
Y, BAFAT 5 B REN S fIwoehric, 3umEAE NiEsY 5 AR C Iy =Y.
RERTDUAE S B A0SV - AR B A oot ARic M &0 iR 48 B9 H#L, £5 9 B il 44 MR X 1
SRR AE YRR SR, KERE, BIOAKN, MRS HESRXE, Jioothricm
SRR N BUARIR, R A (Lietal, 2019),
AW HRYE PDV A58 A 3 T HI R 57 X 5T 7 PDV RPA R0 51 0 Fna4Er, @S 7 A&l
PDV ] RPA-LFD J5¥%, A PDV [FPUE AT J i3t T HARS %,

IR

1.1 #RIEE. 2 RNA BHS cDNA &%

2019 4F 11 AAEALRTTT M AP RSB LR SR 3 N EH Pk i Ff “Canada Giant” . “Kordia” A1
MRS 313 AR 1 AR RIRAL S CRAEEERE RAT IRAREZ %% . 2020 4 1 AAEAL R

TR A B 22 e B PRk B2 U R AR R e A IR 1 ARERE Sk . oW i N AR
HILFMTERREA T E &R

M ARBRAE 2% B3 B 3 AMRIREE, RIERINZEOEE S, BT 5 HES S mm HERT
1.5 mL &0, HIBEEE TS {36 H] 1A 142 (Biomed) EASYspin 54 RNA PLs e Btk 71 &,
RIS LR RNA, 3T R S*EE - 80 CUKFMRF & .. ¥ 20 L RNAKRR. ¥
4 pL & RNA. 0.5 pL BE#HL5]1%) Random Primer (6 H.4A&/mer). 0.5 uL Oligo (dT);s+ 9 uL JGC RNA
[FI7K A 200 pL J& RNA BB o, 70 C M 10 min, UK & 270 5 ming Z JGHIA 4 uL 5%
S #55 buffer. 1 uL dNTPs (10 mmoL - L™). 0.5 pL RNA FE1#17] (Recombinant RNase Inhibitor,
40U - L', 0.5 ulL M-MLV [ #3508 (200 U - uL™) FE 84K 20 pLo 30 °C 10 min, 42 °C 1h,
70 ‘C 15 min 5 T UK EAE, 3RS K cDNA BT - 20 ‘CfR&1F. Random Primer (6 H.{&/mer). Oligo
(dT)is» dNTPs. RNA B, M-MLV 3/ | TaKaRa.

1.2 Sl4mgit

F DNAMAN LEX NCBI | S 4RIE B 30 SR T A [l X FUAS[F 27 EAEY)H) PDV 4hse i F 2k
R4, 1EAeE A E F 5 B4R 5F X A Primer Premier 6 %1t 514). ASHF7E 1 RPA 51400354t
PO EFH IS http: //www.agdia.com M5 Amplify Discovery Kits 4 #7115 1148 B+ i) 51 0%t
oy AWF ARSI T IIIE 1, 5IBAEY TR (Rl BnHRA S K.

1.3 E# RT-PCR #&0

HHEPCR SBAEH 10 L e NAR R, B35 1 uL cDNA F&4R . 5.0 uL 2x Es Tag MasterMix (55 4

B 6 AL 0.5 pL IE[] 5149 (10 pmoL - L)1 0.5 uL & 514 (10 pmoL - L™).3.0 pL ddH,0.

35 AMER . RIVZEHJEHL 8 uL PCR F=¥)H & A GoldView 44kl (Biotopped) M 1.5% ~ 2.0%[11 5 i
PRI HEAT UK, )5 Gel K 8160 B A% A 318 o
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&1 FRASIHMRE RS

Table 1 The sequences of primers and probe used

31k DERUEL ey, aimiEec SmsR o 9993
Primer source Product Location Primer name Primer sequence
genome

ARSI WA NC_008038 130 1526 ~1558 RPA-PDV-F  CGTTACTGCCTTGATGTTTCTAATGGTGTCTAC
Design by our 1680~1651 RPA-PDV-R  Biotin-CCAACGGTCATACCAGTAGGAGCAAGA
Lab ATT

1551 ~1597 RPA-PDV- FAM-GTGTCTACGGACTCATTAAAGGTTTCGA

Probe TGTG(THF)AATGCGCCTGTGGCG
-PO,

FRIE 55, NC_008038 304 1341 ~1360 PDV-F CGAAGTCTATTTCCGAGTGG
2012

1644 ~1625 PDV-R CCACTGGCTTGTTTCGCTGT
Bajet et al., 2008 Y10237.1 300 7090~7109 LChV-1-F GGTTGTCCTCGGTTGATTAC

7389~7370 LChV-1-R GGCTTGGTTCCATACATCTC
X 4, NC 004364 455 1185~1209 PNRSV-F ACGCGCAAAAGTGTCGAAATCTAAA
2005

1639~1615 PNRSV-R TGGTCCCACTCAGAGCTCAACAAAG
Villamor & KY178277 685 7468 ~7486  CGRMV-F CTAAGTCCTCCAACCCTCA
Eastwell, 2013

8152~8133 NGRRM-TL ATNGGTTGAATTTGGCCAGT
Villamor & KR820549 658 7559~7579 CNRMV-F CTTCAAGAARGAGYGATATTG
Eastwell, 2013

8216 ~8197 NGRRM-TL ATNGGTTGAATTTGGCCAGT

FR¥S %5, 2020 EF546442 804 2828 ~2847 PBNSPaV-F GAGACTCGCGATGGACAGAG
3631 ~3612 PBNSPaV-R  GGCAATTTCCACAACAGCGT
KT285841 567 6170 ~6 190 CVA-F AGCCAGAAGGTATCATGCCAG
6718 ~6736 CVA-R ATGACATGCCTGCTGGGAG
XM 0219496 361 958 ~977 Internal TGCGGTCAAAGCTTCTCAGT
34 Control-F
1318~1299 Internal AACATTTGCGACGACGACCC
Control-R

#: CGRMV 5 CNRMV W R WA 519 7 FUAE R, AT & B EEFE A WA R E .

Note: The reverse primer sequences of CGRMV and CNRMYV are the same, and located in different regions of their respective genomes.

14 RPA RRN&EMH

i AmplifyRP Acceler8-Discovery Rapid DNA/RNA Amplication Test Kit (Procuct No. ACS
98800/0048, agdia, USA) #AT RPA ¥ MR P, KFMAKZRFAKIKIIA 5.9 uL Rehydration Buffer.
0.42 pL RPA-PDV-F (10 pmoL - L™). 0.42 uL RPA-PDV-R (10 pmoL - L™"). 0.12 uL RPA-PDV-Probe

(10 umoL - L™ 1 uL cDNA #4R. 1.64 uL ddH,0, F£it 9.5 uL. KLl EIR SIS RPA B
o, ROSE S G U R TR AL B [ A S R, SRR TR AT, AR TR 1D ] 4k S L
WIS K, SRIGTERINE % %N 0.5 uL 280 mmoL - L™ MgAc, 250, 4 MgAc Bl f SRS,
RIFFUG . B8 RPA RIRE R 39 C, BFEAY 20 min.

1.5 LFD #&0 RPA & %49

SN EE G 4 ARTT 55 00 5 S0 T8 381 e vy 2 S v, O P S vy 2k B A s A ] 5 4% AmplifyRP
Acceler8-Discovery Rapid DNA/RNA Amplication Test Kit 1t B 545 52 IV 2% & 2% 2§ 8 F A % (Ttem
No. ADC 98800/0001, agdia, USA) Feffrf, S W a A Ze vk v iR aR 2%, 1 N s I 5 14 19
T, BEEM—AEXE. RERE 20 min, —MHVESE RAE 10 min WEEEEE 2], 20 min REAICE
UG HORE S AR PRI LL . S5 R e X HRZE (Control line) RIRIGHMTHS, FEALUKLE R
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G, M EREIMAALE (Test line) MIAPHME, AWEELHNMIALE M A B, A I R 28 s il 45 2R T
R
1.6 RPA-LFD #4214 547

PR S VE MR £ 30 BEI 995 B (cherry green ring mottle virus, CGRMV ). 2= J& R ZE 3 BLJ 5 (prunus
necrotic ringspot virus, PNRSV). PEHk/NEHEE-1 (little cherry virus-1, LChV-1). PDV. ZEH B3R
YIS AR R (plum bark necrosis stem pitting-associated virus, PBNSPaV) FIPEBEJHEE A (cherry
virus A, CVA), 3t 6 Mupa sk Jed” ARIRZF, 4 CGRMV. PNRSV. LChV-1. PBNSPaV
PLJe CVA, 3L 5 P sE I EIERE UL IRARZE, JERGEBRIA SRR IRBE S EF (cherry necrotic rusty
mottle virus, CNRMV) Fll PNRSV HJFHHERE “PL&R 17 HIPRIRZFHEAT RPA-LFD A&, BAPEX Iy
TIREERERREEAR R RYE . DL ESAYRERSZ RT-PCR &ill, &gk 1 s,

1.7 RPA-LFD #&0 R St 53 4

YHPDV R IIFAVE AL i RARZF S RNA, 4 1.7 ug # RNA R E cDNA,
PL10 fEER R (107 ~ 10°°) 1) cDNA AR 4 54T RPA 1 PCR #731, LL# RPA Al RT-PCR
Fro AN R A

2 RS0

2.1 RPA-LFD #4554 54

DL Rt SRUL R “ARZR 17 BHPERERIIRARZE Ak ptkl, DL Bk aG R
R RAPERT R, ddH,O0 NS EXT R, H#E47 RT-PCR &, HIEHWNZ514 (3£ 1, Internal
Control) ¥ HEFERE RNA &M 1T, ke R T RKGRERH P (K 1, A, Internal Control),
KR EEN cDNA FEAH. R)5H CGRMV. PNRSV. LChV-1. PDV. CNRMV. PBNSPaV
I CVA %5 7 Fs #0051 42 20 B HEAT PCR AN, 45501801 it %5+ CGRMV. PNRSV. LChV-1,
PDV. PBNSPaV fll CVA, ‘¥Ul’ #4 CGRMV. PNRSV. LChV-1. PBNSPaV fl CVA, ‘ft%& 1’
#47 CNRMV AT PNRSV (1, A).

A

M 1 2 3 4 5 M1 2 3 45 M 1 2 3 45 M 1 2 3 4 5

2000 bp—

1000 bp—
750 bp—
500 bp—
250 bp—
100 bp—

M Z5% Internal control CGRMV PNRSV LChV-1

2000 bp—

1000 bp—
750 bp—

500 bp—
250 bp—
100 bp—

PDV CNRMV PBNSPaV CVA
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*fHE2% Control line —
MRLZE Test line —

B 1 RPA-LFD #3 PDV B$RE 547
A: RT-PCR; B: RPA-LFD. 1: “Jgjd’; 2: “RUL’; 3: L& 1; 4. THHIMBREARYE (“HFD; 5: ddH,0.
Fig. 1 Specificity analysis of RPA assays for CVA detection
A: RT-PCR; B: RPA-LFD. 1: ‘Longguan’; 2: ‘Caihong’; 3: Youxi-1; 4: Virus-free sweet cherry
scion seedling ( ‘Jingchun’); 5: ddH,O.

BB REEAT RPA S, LFD ARIEE R Eos, X e FeEah 2P PR ALk, A&
PDV [ ORHL". A& 17 BAPEXTE LR 2 FOR ARl rR 2 R LI ZR (B 1, BD, RUIBEILK
RPA-LFD J5 % Re4s R A PDV, SR GPEBR A FAL 6 Foi 75 78 58 RV o

2.2 RPA-LFD 0 R 8% 2

LL PDV AW B B PR e PRARZE R RNA BN, G FE3E1E cDNA, BL 10 f5 k6 #
B cDNA ARERGHEAT RPA FI PCR R R BbE LR (& 2),

#% B Dilution

*fHE 2% Control line ——
MR ZE Test line —

M 10t 10 10® 10* 10° 10° 107 10F

2 RPA-LFD (A) M RT-PCR (B) #l PDV AR ML
Fig.2 Comparison of the relative sensitivity of RPA-LFD (A) and RT-PCR (B) for PDV detection
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LFD %5 %% 8] RPA-LFD 10 min 7] AR S 5 RNA FBE 2 1.7 x 10 pg FIRE S, 20 min AERE
MEN 1.7 < 107 pg MIRES, 110 B S B B e vk &5 S 2% 9] RT-PCR X BEAG I 31 5 RNA FFEE 1.7 x
107 pg FIRERD (2D, DL &5 LB ET 1) RPA Kl 774 e RT-PCR %70 R4 10 5.

2.3 RPA-LFD #H B4 &

N7 WAIEEE S ) PDV RPA-LFD 5 V2 ) FH a) Sz FH %, M FH ] MIL%%T 13 PREMEBR 4 AR
ARZEFENL, 45 5 Bk ‘Canada Giant’ . 4 #£ ‘Kordia” 14 #& ‘58 157, 435 H RPA-LFD A1 RT-PCR
HHATREM . o, 10 ANEES PDV REIURHE, 3 ANEES PDV mursw, RPA-LFD il 455 5 PCR
K g R —50 (B 3), FHIESLHI RPA-LFD kil /732 7] i -T- H A PR BERE 5 1) PDV KG I

Comion I l | l I |
line i

W i
Wikt — H i 2
Test line l | l l I

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

100 bp

3 PRA-LFD (A) 1 RT-PCR (B) ®MAEEPERLN PDV BER

1~13: BEHURAR HMEEAAE S 14 TR SEREBRAE RSN 15: ddH,0.
Fig.3 Detection of natural PDV infection in selected field-grown cherry samples with RPA-LFD (A) and RT-PCR (B)

1 -13: Random field sweet cherry samples; 14: Virus-free sweet cherry scion seedling; 15: ddH,O.

3 iR

AHIE T A S ) RPA-LFD J7325& F T REBFE b PDV PRSI . 5 RT-PCR 254l 77 V2 4H
Et, RPA-LFD A RERMERE R, SO PRE . RS REmpEsR, OB 2 Mo s, N H
Tz, LFD g Rol@d WIRE#ENEE . SN FEIRY W (loop-mediated isothermal
amplification, LAMP) 773 (2 %%, 2019; #B% %%, 2020; Shietal., 2020) Lk, RPA
I 75 4 0 5 A0 B v T N

RPA 3M)— K4 30 ~ 35 nt, 534G 3 ~5 A G (1ZMER) B C (fumng), HHEBT R
MEisha, 3ue A 34 G (BEW) o3 ¢ (M) HHTRABNS S . 51975 F
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B E S 7 A s 3 KR — P8 & B ST, 8 B ORI/ FI 51 ) — Rk . 51 1) GC & &
KT 30%, /NF 60%. F 3 F BLKEZ 100 ~ 200 bp, e IFASERLE 500 bp. #REKZ) 46 ~ 52 nt, THF
FEINED 30 nt, 3HED 15 nt, WEF SRR UANEMSIYES, HESXBEAREDT 30 nt, REE
it THF, H#REFS A5 AREES.

A A4S R LY RPA 5 RT-PCR il R B A, A 22 RT-PCR falll R B 10 £
B 1 000 £% (Kim et al., 2019; Jiao et al., 2020; Kapoor et al., 2020). A 5774 & RPA-LFD 10 min
YT LUK I 21 RNA FREEE 1.7 x 107 g BIRE:, 20 min RERINE] 1.7 x 107 ug FIRER . BAR Agdia
(17 4% 2%AFH Ui BA i tH LFD A5 20 min AR ES 3G 7 AL S = A BH 2R, (2R RPA 594K
EAARGIEE “WE” IR, WHER RS, BT RS E R4 S8 th IR S o A 0 28

(BB 25, 2018), JNit, A TIREFIESS REME, AT REHEGR SR Y 39 A = 040 HE I 72
SRR, SEIN S ST (] BR 2 7E 20 min PAN, [RIULACHE L 37 1) PDV RPA-LFD Faill 7515 %
b7 B RT-PCR A 75 ¥ 14 10 1%, 3& B T4 01 PDV & 1l AH R S BRI EBE AR . 1L 41, % RPA-LFD
D7 AT T R R IR RS2 06 s I W, AR B . AN SR RE S AORI, DA R MR R A PR X
WiE B AR AR P B B A ISR A 1R TV .

RPA-LFD £ AR CE R TR 400 M e IRl J 2558 . 2 FE Y% 30 RPA ALl
RAlE o e, ArEZnr DRSS AN, RSk R E - 2 ittle cherry
virus-2, LChV-2) FI=E NEZE BH 2T (plum pox virus, PPV). RPA-LFD J5ikffL T
KRR, 465 7 AT IE], 4 38 A0 = X B P BRI T35 G AR, AT T KB i (1 DROAG )
HILKT B S RT-PCR S5 aill 77 A0 H, RPA-LFD Al B4 B m, AH R AR 5 22 R PR 2R 4L RPA-LFD
X7 PR RS 7= ot BRI, o o RS R A BE T /£ RPA-LFD Al e e AN R i, 7
{RAUE IR BT A e AL R 1325 B ARG i AS
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