iﬁ%{%:ﬁ 2022,48(1):163 - 167 Plant Protection

LB HES ERK
Experimental Method & Technology

AR/RIBfRfE i HiRE RPA BRIERN T iZRE L

O HREAN BB ORI BT AR B R PR A SEE =, T 510640)

WE KREAMRLEmAEF Cotton lea f curl Multan virus (CLCuMuV) 5| A2 69 9m E £ R AR A = Eag & R %
T URBXERFEHEYEEREAEENZ —, B, E I REENE Kt CLCUMuV ¢ B fe iz L £2& L,
ABRARYE CLCuMuV 5t 2% 8 (CPY A B A7) %3 31 4, £ 5 T % m A v T a8 4 855 8 4 3 (recombinase
polymerase amplification, RPA) ] 7 i , 3R T % 7 ik 09 RAUE Ao 45 0. 8t — F i & T % o 1) 42 1oL A 64 4
MAEFKE, 25 R R, &2 505 RPA #m o AU M % e CLCuMUV #4945 & 5738 th B 65 453, m ik e B) B 04 4t
S5AmAEGHRTARY B BT, ZF RN ZHERFH PCR & 10 45, Bt @ M EMBFEGE LR,
PCR X B 4 R —5, B, KAFE AT 565 CLCuMuV RPA Beaf #aml 7 ik A 45 5 AL EA IRVE 1R BB 4F
TRIZ LA E X A CLCuMUV 69 Beig o ml 32 4 T —Fr 3735 K,

KR RREAREWTEE; RPA;  tidibn

MESES: S436.418 TEAMFRIRELG: A DOIL:  10. 16688/j. zwbh. 2020677

Establishment of RPA for rapid detection of Cotton leaf curl Multan virus

TANG Yafei, LI Zhenggang. SHE Xiaoman, YU Lin, LAN Guobing, HE Zifu"

(Research Institute of Plant Protection , Guangdong Academy of Agricultural Sciences; Guangdong
Provincial Key Laboratory of High Technology for Plant Protection, Guangzhou 510640, China)

Abstract  Cotton leaf curl Multan virus (CLCuMuV) causes destructive diseases in cotton crops worldwide, which
is a quarantine organism subjected to phytosanitary regulations in China. The rapid detection technique is very
important for the quarantine and control of CLCuMuV. In this study, a recombinase polymerase amplification
(RPA) detection method was established based on the coat protein (CP) gene sequence of CLCuMuV. The
sensitivity and specificity of this method were evaluated. The accuracy of this method was determined by detecting
the suspected samples in fields. The results showed that the established RPA detection method amplified the target
fragment only from CLCuMuV-infected samples, and no fragment was amplified from the samples infected by
other five viruses belonging to the same genus with CLCuMuV. The sensitivity of the established RPA detection
method was 10-fold higher than that of the conventional PCR. The RPA detection results of suspected diseased
samples in fields were consistent with the PCR results. Therefore, the rapid CLCuMuV RPA detection method
was established in this study, characterized by high specificity, sensitivity, accuracy, easiness to operate, and no
requirement for special equipment. It provides a new technique for rapid detection of CLCuMuV.
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A Z YL RED T R H. cannabinus™ | #
BkZE Abelmoschus esculentus™* [l HiAf Gossypium
hirsutum™ ' 3 BB 6 Malvaviscus penduli-
florus"™ I HG H. sabdari f fat"™ % £ Fha 25 B}
Malvaceae 4 .

MRAb B 4B . 3R R &5 Fiet
R ER A EEAMAAL, FREDE A E K
AEAE T E A 98 L AR R T AR A AR 7
e E SRR R . AR B RTIR E R L
BECTA] LS RN P b P i = R X R & A AT A it
I (HAES 1200 F B L CLCuMuV E1E 3R [E £
A AP SR EY) Uy B R AR R L IX B
HH B 2 B 1 G 51 RS I AR A il e B
AL B A 0 B B 3K 4% M 5 % A, CLCu-
MuV 15 AT g SO AL - 78 6 1 58 e FaiA 7.
TR E e B G 2] CLCuMuV 5, 57 B =31 A
[ S BEAR IR e VA 3 A2 ) 44 53 T Dy — A g
PRI MR S A 5 . AT ARTAE P8 1 12 T
577 3 R 0 30 A 5 PR | SR ORI AR S A T
BRI S P A CLCuMuV R I 45 A 2 BH 1F %
TR FRAEAE 5P B A2 . RIX P 205 7 4R e 5 | 3
R A 1 P 7 TR A DX R RN A R

AR A B 1 4 R (recombinase polymer-
ase amplification, RPA) & Piepenburg 280} % H
— PR IRY B AR L B AR R FE1E
(25~43 CH M F » B4 (recombinase) 55| ¥)#%
HIRES G TE R AR, IR 51 ¥ 58 DNA J3
GIFEATHCNT s ZEBR LT 51 EL AR BCXT B, BRE DNA 24
47 [ (single strand binding protein) & i #5 fi
DNA FTIF XU ; ifE—257E DNA 5 (DNA poly-
merase) I1E T TE BUH ) DNA (Mg, 58 i3 34
JB . AR BA A REGE BT 2L B
B BT B Ry i RS E A W T ) e R
PR, BERILE LA T RPA HARTE B 250
JE ) R A2 W v 1 P B 2 AN 2R3 T LA
RPA EORTEAE Yy 2 Py el b g iz A . {HL H i
KA RPA 2 ARTEA AG il o5 75 45 0 7 10 A 4B
ARWFFEHESL T AT L T A B B AR TR R P Y
CLCuMuV 1) RPA Fll A , SRy iZe s 5 i 15 i
RIS AE—Fh B H AR AT A FiL B CLCuMuV 1
FRERAE ) ALHEY B R IAT IR AL B S

1 #R5FE

1.1 ##
HERE Y CLCuMuV W EER A AT MK

AR 5V 0 i R 8 Tomato leaf curl
Taiwan virus (TOLCTV) IREER BT A MBS T
TR 75 Th B A M e B Tomato yellow leaf
curl virus (TYLCV) 9 FE R A 1 53 = 0 09 2 i
TR H F hn AL B R B Tomato yellow leaf
curl Thailand virus (TYLCTHV) BREER BT &
K 0 7 Al S8 g v [ R Il A5 3 Squash lea f
curl China virus (SLCCNV) R ESEK H ) R TR
(AR T A L R e B AE R M9 8 Sida leaf curl
virus (SILCuV) (R FER: 18 ¥ 1 2R 07 118 730 5 f e
it AR AR SE0G 2 0 2 BEH Y AR AT AR T 7 £y
ARG R B AR )M (2 1) %44 (2 )
B2 ) GEZ ).

TwistAmp Basic RPA 77| & B ¥ 5 Twist-
Dx 23w A5 DNA $& U0 &0 8 b a4k
PIEARAG BR 2 7] Premix Tag™ Hl DNA J Brafife
W& B AR TR R A BR A .

1.2 7#i&
1.2.1 3|4kt

i3 X CLCuMuV o [6 73 5§ W 1 b5 8 1
FEPRRZ A IR T 94 R SF XL 456 RPA (15| )%
K it s X CLCV-F/CLCV-R; [ B & it F F
PCR #] ToLCTV,TYLCV,TYLCTHV, SLCC-
NV.SILCuV #4575 19, 51 e sk 1. frf 5l
Yo A TA Y TR R B A R B A
1.2.2 % DNA wy# 3

TpuiE 2 i A Y e R, AR DNA 32 3G
G IBCE DNA,  HAARAE fie B0 & Ui Wl 45 ¢
7. DNAJUERMHT 50 pl TE Sl /AF T —
20 CuKH - % H
1.2.3 RPA R R F K5 £ R b B 8]

PL CLCuMuV BH P #R S DNA Sy BAR . F H]
514 CLCV-F/CLCV-R # 47 RPA " 3, & Mg
TwistAmp Basic RPA &7 & #3i B fc #] RPA 2
AR FR o 1] 350 6 v A R T R Y 0. 2 mlL S
FH A Rehy-dration Buffer 29.5 p1..10 pmol/L
514 CLCV-F fl CLCV-R % 2 pL. # it DNA
2 nl., 280 mmol/L FfEREE 2.5 pl. J& RNase /K
12 pL, LSRR R 50 pll, 7E 40 CHER A &
433 RN 20,30, 40,50, 60 min; & M 45 H 5 .
DNA Fr Bealifbial ) &oxF RPA 7= ¥y 47 a4 [l i,
IRAlifefa i RPA =4 10 pL 3E4T 1. 026 BB W e
JEEHL UK TEBER AR R G0 MEEAE A LA Bl At et
I L Dk 235 SR 1 do (3 S IV N 1]
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Table 1 The primers used for detecting viruses

- - — REON vy R C
Virus Primer Sequence Size of Annealing
fragments temperature
ARIRIEAGAE dh s 7 CLCV-F TATGGATGGATGAAAATATAAAGACCAGGAAT 299 54
CLCuMuV CLCV-R GTATTTTCCTGCTTCCTGTTGATTGTAAAC
ot Ak il s B Ty-F GGATGTGAAGGCCCATGTAAAGTC 760 55
TYLCV Ty-R ACGACATTACAGCCTCAGACTGG
A ¥ e it e Tw-F GTGTCTTTCCAGTACGACTCTCACCCT 774 55
TolLCTV Tw-R CATAAATGCCATTTAGTGTCCAAG
o [ 5 N i s B SL-F GTATTAGTGATGTTACACGAGGAACCG 547 55
SLCCNV SL-R GCGTGAGTACAGGCCATATACAACATTA
HWALRS M s Si-F CATCAGTTGCTGCTGCCCTTACTG 628 55
SiL.CuV Si-R AGAGGCATGAGTACATGCCATG
%% [ e Ak i s B TH-F TCTCGAAAGTACGTCGCCGTCTGAAC 613 55
TYLCTHV TH-R CTTCCCAGCTTCCTGGTGATTGTAA

1.2.4 3 PCR

) CLCuMuV, ToLCTV ., TYLCV. TYLCTHV,
SLCCNV. SiLCuV BHHAR PR & DNA AR , 4351 Fl
FAZE 1 e oS A N 2 IR S 5 | 0 iE 4T PCR 973,
it DNA 2 pL.rTag™ Premix 25 .10 pmol/L
FLVTHES 4% 2 pLOKE K 19 pl, N R R A
50 plo RWLAAFE R 94 C HIZAEYE 4 min; 94 CAFPE
45 s, fEF 1 WA IR KR EE TR RO 45 s,
72 CHEM 45 $,35 PMEH; 72°C ZEfH 10 min, HL PCR
PRI 10 pL FEAT 10076 B e W B i i Tk » 7 R
1B 25 F LR,
1.2.5 REERE

PL CLCuMuV FHPEAE P 6 DNA 10°,1071 107,
107,10 10 R BEBCA AR 43 54 T RPA FiI3E 58
PCR K, E4 — 5 PRI R AU . RPA W A4 2 [H]
1. 2.3, 7F 40 CHE RS B 1A iR 40 min; 18 PCR 9
B AR RN N AR 1. 2.4,
1.2.6 #HRMEIFH

A5 CLCuMuV, ToLCTV . TYLCV, TYLCTHV,
SLCCNV . SILCuV ¥g5:5[ 4 PCR 5 > FHAE /4 4
Y15 DNA SHEARETT RPA § 38 X T g7 i RPA
R Ty e S AT RN RPA AR R[] 1. 2. 3,
R TEME A BV 40 C 244 A 40 min,
1.2.7 F&EAM

MR M A L 28 R A B ) B
CLCuMuV WARBERFE 7 43, 32 HUE DNA, FA
FEEENL I RPA J5 il , 3¢ H1358 PCR 4 34 550F .

2 ER55H

2.1 RPA RfERRAE
DL CLCuMuV FHPEAE B DNA S f ., #1)

519 CLCV-F/CLCV-R 17 RPA § 3, HLIK&E R
(& 1,40 CR YA 20 min BFEETT LIRS B 19 5%
A 40 min FRAG I H B 5571 s bl B a)
AT 50 B2 TO ) S A8 A AR A0 B0 0 M R e P YK 45
R HAE 40 min IRV IRE]
bp M 1 2 3 4 5 6
2 000

1 000

750
500

250
100

M: 2 000 bp marker; 1~5: CLCuMuV FHPEA K EDNA; 6: KA. 1:
60 min; 2: 50 min; 3: 40 min; 4: 30 min; 5: 20 min; 6: 60 min

M: 2 000 bp marker; 1-5: Total DNA of plants infected by CLCuMuV; 6:
ddH,0. 1: 60 min; 2: 50 min; 3: 40 min; 4: 30 min; 5: 20 min; 6: 60 min

B 1 RPA & RA}ET CLCuMuV #1845 R
Fig. 1 Amplification results of CLCuMuV by RPA in

different reaction-time regimes

2.2 REFERNLER

DIFG B BE 43 50 o 10°,107 1,107,107, 10 *,
10 °f) CLCuMuV FHPEAE FE & DNA R BT, 4331
#E4F RPA F1-i PCR &, HLIK S5 R (B 2) B
RPA TERARFBAEECH 10 I REY 3 ) B Y 5571
i PCR TEBEARAR B 10 P REY 3G 1 H 1)
2ty R , AR AR5 T 2 57 1 RPA RGN 2 J2 3 3
PCR #0075 2/ 10 £% .,
2.3 HRUETMER

AL ToLCTV  TYLCV, TYLCTHV, SLCCNV,
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SILCuV #5047 BH: (L 3) B4R 19 FF 5 DNA il
CLCuMuV P #k 4 DNA b 3547 RPA §-
B4 XIS A RPA RN 7 e e T4 .
Ras R (E O BoR, T a sz i) RPA AN 7 HAEM
445 CLCuMuV f#) % DNA H§58 H B [l 545, R~
AE A JLAPG 5 A DNA Ry 38 AT AT 45745 .
Benl UL, ST 1) RPA K47 AR 2L A 3847 1 45 57
P, AR CLCuMuV,

2.4 HEFMKNER

AR A T G R AR BE A R
CLCuMuV BARMEAE 7 4y, AT 1 RPA 473
ARG AR FE UK 25 SR B (B 5) L 7 4y BE AL A
R BEE 1 — 25 i B PCR I LA 56 30F o LG i 25 5
5 RPA 45 50— BOR Ry 100%, F W, T 8 57 1Y
RPA K 77 2% B % 52 B H [ - CLCuMuV (1)
PR ERR R 52T .

2

bp M 10 10" 102 100 10* 107 bp M 10’ 10" 10° 10° 10" 107
2000 2000
1000 | 1000
750 750
500 500
250 250
100 100

M: 2 000 bp marker; a: RPA; b: PCR

Bl 2 RPA 5 PCRHRGFEKRNER
Fig. 2 Sensitivity test results of RPA and PCR

bp 8 9
2000

10

1 000
750

500

250
100

M: 2 000 bp marker; 1: F i 88 Ak il M3 35 3: AW Al - 755 S: 2R
F B AR 70 v [ IR R O: BEAERR IR EE; 2 46 66
8+ 10: KX IR

M: 2 000 bp marker. 1: Tomato yellow leaf curl virus; 3: Tomato leaf curl
Taiwan virus; 5: Tomato yellow leaf curl Thailand virus; 7: Squash leaf curl
China virus; 9: Sida leaf curl virus; 2,4,6,8,10: ddH,0

3 Hfth s fmSamEE PCRAEMER

Fig. 3 PCR results of other five viruses in infected samples

bp M 1 2 3 4 5 6 7 8 9

2000

1000

a

M 1 2 3 4 5 6 7

bp
2 000

1000
750

500

250
100

M: 2 000 bp marker; 1: AR/RIEBAREMIHETE; 2: BEEMHHES; 3: &
AE Ak R 40 REE M AR RE 50 v E Rl R 6:
BAERS MR T, 7: PR R

M: 2 000 bp marker;1: Cotton leaf curl Multan virus; 2: Tomato leaf curl
Taiwan virus; 3: Tomato yellow leaf curl virus; 4: Tomato yellow leaf curl
Thailand virus; 5: Squash leaf curl China virus; 6: Sida leaf curl virus; 7:
Negative control

B 4 RPA#RM4HNLER
Fig. 4 Specificity test results of RPA

M 1 4 5 6 7 8 9

500

250
100

a: RPA; b: PCR. M: 2 000 bp marker; 1~7: B¢BUpRE; 8: BHHXS HR; 9: ¥ 7K 4R

a: RPA; b: PCR. M: 2 000 bp marker; 1-7: Suspected infected samples; 8: Negative control; 9: ddH,O

B 5 HEFEFR RPA F1E @ PCR %R
Fig. 5 Detection results of infected samples from fields by RPA and PCR
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WG ST T AR IEAR Al - 2 PR RPA
Rl Jr ik, 58 PCR A& 5 75 A0t . RPA 33
T AR PO SR P . AT TR R R K U B BOHE A
A7 ANHCHSE 0 5 T e Ml B AL 15 85 S g 3k B P, 7
TGS TR S5 ek 20 min AT DASE A4 S 5
RPA 610 2 0% &% 58 PCR 19 10 £ s RPA 461
AN | 3K LB PCR ™4 , 514 — i 30~35
MZH R T AL PCR 5974 BE iy 20~25
MEHR. AR E CLCuMuV Hr = 43 B9 1)
Shoe AR AT IR T 9131514, kil 5 CLCu-
MuV [F] Ja& iy oAt 5 Flofg 25 , 25 R 35 R B0k, Re S
. DB ARWFFEEE S T A8 L PR | R ORI
f) CLCuMuV #6307 %%

RPA HARMNEA e R R 7 S50 T
H AT ATEE IR 25 T S8 Ly 1, 38 F T S8 e = A
MGz . 2 B i B A R R RS HOR
F 2006 415 AR IE LR RPA R 2 U s &
Ji& , JUILRE A B AL b 0 B R TE B B
ai AN BE SR B T Sy T N . i JLAR
RPA A A 2 845 52 F T A8 0 w5 ik . H Al
BB T B E T Tomato spotted wilt
virus (TSWV)OU | B Fh 4R 44 9% B8 Tomato chlorosis
virus (ToCV)P A B ALl i 7 (TYLCV)
SRS A5 Southern bean mosaic virus (SB-
MW BB EE A Cherry virus A(CVA)P
oK 4B 4 BE B0 75 Maize chlorotic mottle virus
(MCMV) Y SR BB B Bean pod mottle vi-
rus (BPMV)OY K G AE %55 Soybean mosaic vi-
rus (SMV) P00 8 25 45 i) PE G 5 7 3 5 Grapevine
leaf roll-associated virus 3(GLRaV-3)P™  Z=5 40
% Prune dwar f virus (PDV) 25 S ol W19 25 1)
RPA £ 00 J5 ¥, H R WA CLCuMuV RPA s il
fiiA .

CLCuMuV J&4 Al g5 3 FE A 28 i s 2% &
FAT IR BE 2 TR B AR AR Ve A H A ]
Bl B P R THE IR B ARG . BT e B A 32
B AR A 2 By 1 CLCuMuV 7E 3 [F A5 48 7 X &
ARyt HAT. TR CLCuMuV fHoR 5
A H HL PCR, 5228 56 PCR™0 | 40 K i 2k 26 Ot
PCRPY 3 B AR IR L AU B 45 HUABIE
ToL g E R A I, A 5T 2 57 9 CLCuMuV
RPA Fi RN T E LA B4 38 A 5L 2 A i

i B LA e P A 00 T g e L S A o - 194 P
(132 Wt F0 A1 IR 5 2 32 B A7 R PR AR I i
P T — B A HE A9 HOR T B HA T IZ 19 8 T i
S TR E AR AL T 2R A B A B
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