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Abstract

Based on cucumber mosaic virus (CMV) and potato virus (PVY) transmitted by tobacco aphid, the
optimization of LAMP system, the optimum system of LAMP reaction, the detection of LAMP prod-
ucts, the sensitivity of LAMP and the detection of field samples were studied. The results showed
that the optimum concentration of Mg2+ in LAMP system was 6 mM; the optimum concentration of
dNTPs was 1.2 mM; the optimum reaction condition of LAMP system was 63°C; the reaction time
was 40 min; the positive products of CMV and PVY were green; the negative products of LAMP
were orange; the sensitivity of LAMP assay was 10 - 3 ng/L at DNA level. The results of random
sampling in field showed that the LAMP assay was accurate and reliable.
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1. 518

A 0 T MR B A 5 2 (R W 7 2 2 B AR AR . E AR DA PCR SRR 43 1Al
HiAR, @35 %IE PCR. S 28 & PCR. H X PCR 5. th G HIEW S 7 i FER K, Iy Al 77 vk
Ferth 22, &5 2B R R R M. T PCR 1) J5 F & H 3L AR AR A P4 A A R At B, DRI 7% B RR
PRI g, HMELLS B HE . LAMP AN —HPt (AR T B 7 v, AR SRR T v, HoA il
FEP IRV . A W R A R[] [2]. LAMP EZLRERNT- H AL 6 AN X I it 2 2N 51 ) F0
2 24514, R B E e IR B AE 60°C~65°C Y 1% 30~60 min, AT LASRIG K EAIZIR ). LAMP
R TR I 7 A 4% 3695 75 (Banana streak virus, BSV). 7K & 2B 46 9% 455 2% (Rise black-streaked dwarf
virus, RBSDV). HLAFE7E: IR RERG 25 (Strawberry latent rings pot virus, SLRSV). L4 245195 2 (Potato
leafroll virus, PLRV). 2= &K 3E3F 5% 5% (Prunus necrotic ringspot virus, PNRSV). 3% 5 3% B 5 7% # (Bean
pod mottle virus, BPMV). H 2= 4E4%1%& 1k 2 (Sweet potato chlorotic stunt virus, SPCSV). & iE 7 75
(Citrus tristeza virus, CTV). & 7 # 1t #1955 2 (Tomato yellow leaf curl virus, TYLCV)%%[3]. A5 DA
SYBR Green | Af7R7, #32 CMV Al PVY KSR 5 ol AL PUE A I A &, SR PRk il CMV
FPVY [¥] LAMP #6544 & ml 4744

2. M55 %E
2.1, B

B SR 05 FE PR IR 1) FH (R RE R 1 I R MR A B RS0 e, 22 RT-PCR SRAIETT CMV FRIBH PR
KR T ARG = . 8 RAE 5 8 (Cucumber mosaic virus, CMV). 4% Y % 7% (Potato virus Y, PVY) /i ki
H R % AR AT
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2.2. RFNELEE
2.2.1. RN

10x Bst DNA buffer NEB
dNTPs Takara
MgSO, Sigma
beyitet Amerisco
SYBR Green | Je
Bst DNA X & NEB
2.2.2. K25
i 1 i B TUBS L L 5415D Eppendorf
KFHPKX DYY-6C JbmA—
BHMIGEETE UV-2201 Bio-RAD
R G RO L 5417R Eppendorf
IR

2.3. A%
2.3.1. EME RNA BREL

F gt BRI EL RNA, $2H RNA (775208 RNA {776, Al Invitrogen Trizol iR #2HL RNA.
1) 7£ 1.5 mL .08 Fin A RLT (500 pL)Fl PLANTaid (50 uL), fEEf1REA&H .

2) TRARIER, 23 B PR USRI A e F 0.1~0.2 g BN TRA HIRITER BB BERE B B 400
3) KBS by Ak N O, SERIRIZUE Y 205, 56°C/KE 3 min.

4) e E ML HAT MY 30 s, =, 13,000 rpm B0 10 min.

5) i BISWIELRFE, N 0.5 AR TE/K S EE(—M )y 250 pL~225 pL).

6) B b BIRA IR I AE, 13, 000 rpm B0 2 min, FEEK K.

7) EELE PN 700 pL R A RWL, EEE 30s J5, 13,000 rpm &0 30's, 712K
8) fEE O HRIN 500 pL JE¥E RW, 12,000 rpm &0 30s, FEKR.

9) EEEAME L—B, FTHE R, IHERBEAER, i 52058 .

10) W A RN EEE . 13,000 rpm B0 2 min,  FEE R

11) -9, BWMFRON, I 30~50 L RNase free water, ZiRHE 1 min.

12) 12,000 rpm B0 1 min, FEEWFE, RN .

13) FEMUCEENS, BU3 pL #EATHLEK, K RNA.

2.32. R¥F cDNAKIERK

5 cDNA HIE L E 1.
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Table 1. Synthesis and dosage of reverse transcription cDNA
# 1 R¥F ODNAWERAS AR

Moy M&
RNase Free ddH,0O 4.0 uL
5% Prime Script Buffer 2.0 uL
Oligo dT Primer 0.5 uL
Random primers 0.5 uL
Prime Script RT Enzyme Mix 0.5 uL
RNA $H) 2.5 uL

JMFEFEHY: 37°C 15 min, 85°C 20s.

2.3.3. LAMP 3|#¥189& K
LAMP 5|¥1& L 2.

Table 2. LAMP primer sequence
7 2. LAMP 3|#55

FIEVEA S SIMF51(57-37)
CMV 514 CMV-F3 TCTACCGTGTGGGTGACA

CMV-B3 GAGCACGGCGTACTTTCG
CMV-FIP CCGTCCGCGAACATAGCAGAG-GTCCGTAAAGTTCCTGCCTC
CMV-BIP GCTGCATCTGGAGTCCAAGCC-TGTCGCCAATATCAGCGC
PVY 514 PVY-F3 CGCGCTATGCCTTTGACTT
PVY-B3 TTGGAGAGACATCCTCGGT
PVY-FIP CAATGCTGCGGCCTTCATTTGA-GGTCACATCACGAACACCAG
PVY-BIP TCAGCCCAACCTCGACTTTTCG-GCCTCTCTGTGTTCTCCTCT

VE: RHIBKIEE N 62C.

2.4. LAMP = REN S5

25 uL HIMAR &R, 1.0 uL DNA, 1x ThermoPol buffer, 1.6 uM FIP, 1.6 uM BIP, 0.2 uM F3, 0.2 uM
B3, 8U (Bst) DNA polymerase, MgSO, (2. 4. 6. 8. 10 mM), dNTPs (0.4. 0.8, 1.2, 1.6, 2.0 mM), x
MZE[E](30 min. 40 min. 50 min. 60 min. 70 min), i (60C. 61°C. 62°C. 63°C. 64C. 65C),

2.5. LAMP FE189 48]

LAMP P9 (A6 75 320 I AR IC0E SOE s R sty B BRI A kit AT TTE /OB LAMP %
SERE, BEAT PR L, WS PCR R SA HEUIE. BORN: LAMP RMNFERSE, A 1 uL
] SYBR Green I, BAVESSRBOUGE L, FITEL RN VSR, BURIEARHE B Ik: HU5 pL ) LAMP )
T 2% BB AR Bk, BRAMT ISR, WEREARRFE KL,

2.6. LAMP R 1448

43 HILL CMV CP JiRLAT PVY CP AR, LA 10 5 (kA BE R BE I bL, A VR RE 1~108 4%, DAL AR,
Zr 93647 PCR FI LAMP M o
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2.7. HIE)EF A

ST AR I LAMP 1 268 FH A RE A7 R
3. BR5 7
3.1. LAMP {& & B

CMV LAMP & &I, CMV Mg?*: %F T CMV Mo? IR, %8 5 MAFEIIBEE, ZIREE4 5]
H2mM. 4 mM. 6 mM. 8 mM. 10 mM, JstJ8 (i HoAth S4 1t AN AR, WLB‘%H@ﬂJr)ﬂ’Ejviﬁrimiiﬂa& 7
LAMP 23 . LAMP [ 58 2 J& » BEAT 29 (% ER IS HLdk , 120 V HL 3k 30 min. Mg®* [l IE M 2 mM
F) 10 MM RHIHEIN, SN B OREIEIT, 24 Mo™ IR EEIAE] 6 mM i, SERERE, HOEINKE,
KO ISR AT IR B AR 1k, RIUEH E CMV LAMP Mg® [t 3K E 8 6 mM (14 1),

M 1 2 3 4

5

6

bp

H: M: markerl; 1: 2mM; 2: 4mM; 3: 6 mM; 4: 8mM; 5: 10 mM; 6: mﬁ:ﬁﬁﬁo

Figure 1. Influence of Mg?®* concentration on CMV LAMP reaction
E 1. Mg*REXHTF CMV LAMP [ Rz 898200

CMV dNTPs: XfT CMV dNTPs (i, W& 5 MARBIEE, ZWKES59 0.4 mM, 0.8 mM.
1.2 mM. 1.6 mM. 2.0 mM, AR SEAEAAR, DU R A S T BECRHEAT LAMP R
LAMP S8 58 .2 I » 54T 2% AU 1 Bt flg b el vk, 120V ERik 30 min. dNTPs [k FZ A 0.4 mM £ 2.0 mM
IR, N A R RS T, 4 dNTPs BIREEAE] 1.2 mM B, SeREfss, HFmkeEE,
AR AT AR S AR 1k, AR 8 CMV LAMP dNTPs [ KA 1.2 mM (4 2).

/’Ji

bp

2500
2000
1500
1000

500
300

VE: M: markerV; 1: 0.4mM; 2: 0.8mM; 3: 1.2mM; 4: 1.6 mM; 5: 2.0mM; 6: [PEXTHR,

Figure 2. The effect of ANTPs concentration on the CMV LAMP reaction
B 2. NTPs JREEXTF CMV LAMP [ R A0

DOI: 10.12677/hjas.2020.1011144 951 b k=


https://doi.org/10.12677/hjas.2020.1011144

EfE 5

CMV JRiff[a]: N 1 i€ CMV LAMP J8E ) e fd S B2 A], 6T LAMP [ e SEi [R] & 5 AN AR
IREE, 435174 30 min, 40 min. 50 min. 60 min. 70 min. MR CAE Y, ZEFTHCE R 5 NI TAIRE B
o, LAMP #R 0] DLIEH BIREAT, 76 SO TE] A 30 min fR9 BB st il LAP= 26 S N 4%, {HL 2671 LRI, 40min
TR A3 2 TR 5 P B SR G 5, Bl SO NS TR B S, 2k e AR R A AR, L E CMV LAMP
(1) f A S LIS 8] 24 40 min (1] 3).

bp

200

100
750
500
250
100

‘H: M: DL2000; 1: 30 mM; 2: 40mM; 3: 50 mM; 4: 60 mM; 5: 70 mM; 6: B}#Ti%ﬂ?to

Figure 3. Effect of reaction time on CMV LAMP
B 3. KRATESTF CMV LAMP RIS

CMV [k : 24 1 i€ CMV LAMP S e S Stk B2, 0T LAMP (8 s B i 5 1 L 6 4> AN[7]
IREIE, 7358 60°C. 61°C. 62°C. 63°C. 64°C. 65C. /M HANZLIEAZS, LUE M A 1E N H
PEXT HESR AT LAMP .. LAMP RN 5E R S, BT 2% 8RB pE ri vk, 120 V Lk 30 min. MK
HETDUE Y, IR 60°CHY, LAMP HIELFSS BN 2647, 4R ERN 61°CHY, LAMP 2%l e EBEIR Y
W, MEREERIN, FAEEAAS, KL CMV LAMP [t R E N 61°C (] 4).

M 1 2 3 4 5 6 7

bp

600
500
400

300
200
100

#: M: markerl; 1: 65°C; 2: 64°C; 3: 63°C; 4: 62°C; 5: 61°C: 6: 60°C; 7: FATEXHE.

Figure 4. Effect of reaction temperature on CMV LAMP
B 4. REREXTF CMV LAMP %200

3.2. PVY LAMP & B4

PVY Mg?: 5T PVY Mg® (R, S B 5 NS R FBE E , 29K 2 5108 2 mM. 4 mM. 6 mM. 8 mM.
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10 mM, SR AR SR A AR, DUAER B AR I P AR R B 1 6 HE SR IEAT LAMP S, o LAMP S 58 B S5
BEAT 2% R IR TG RE FRVK, 120 V EELVK 30 mine Mg IR 2 mM 2] 10 mM W, SN 46
TR, 24 Mo™ IR EIAE] 6 mM B, SRR, HEMINKEE, 200 M55 R S r2EL,
KL 2 PVY LAMP Mg ({1 i3 % 9 6 mM (4] 5).

Figure 5. Influence of Mg?* concentration on PVY LAMP reaction
B 5. Mg*iRESTF PVY LAMP & R #9541

PVY dNTPs: *IT PVY dNTPs fikEE, W& 5 MAFEMIBEIE, ZREE5 715 0.4 mM, 0.8 MM, 1.2
mM. 1.6 mM. 2.0 mM, JRH AR SR AR ANAR, DAAgERERI I A S B 0 B SR 34T LAMP 8. LAMP
SN TERZ G, HEAT 2% IR B FR BE FEL K, 120 V HLEK 30 min. dNTPs KM 0.4 mM F] 2.0 mM iZ
BEIN,  BN S A HBCR TS T, 24 ANTPs MR FEIA S 1.2 mM B, R, HFRIREE, am
FEERARYE AL, R E PVY LAMP dNTPs (£ E N 1.2 mM (& 6).

bp M 1 2 3 4 5 6
250
2000

1500

1000

500

300

VE: M: markerV; 1: 0.4mM; 2: 0.8mM; 3: 1.2mM; 4: 1.6 mM; 5: 2.0mM; 6: [PEXTHR,

Figure 6. The effect of ANTPs concentration on PVY LAMP reaction
B 6. ANTPs SREXF PVY LAMP & K HI50

PVY IS IE]: D9 7 HiE PVY LAMP [N S OB E], X5 LAMP 1 s S [R] 5 5 AN AN
FIBEEE, 4»%029 30 min. 40 min. 50 min. 60 min. 70 min. JRr ARG EARAS, DL RERIH AR
BT BE SR AT LAMP B LAMP RN SR S5, HEAT 2%RIBERR B RE R F vk, 120 V LK 30 min. A
BT LG Y, ERTREE R 5 AN ARG B, LAMP #RT DUIE R FOHEAT, 76 SO H) A 30 min ff i sk
AL AR S RSk, (H 2R LU, 40 min (RIS g 2 1R 52 FE B SR 0 0, Bl SOSEIT (R IRRE G, 27T
TR LB, IHE PVY LAMP (5 & B 40 min (] 7).
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bp

600
500
400

300
200
100

VF: M: marker I; 1: 30min; 2: 40 min; 3: 50 min; 4: 60 min; 5: 70 min; 6: BHMEXTIE,

Figure 7. Effect of reaction time on PVY LAMP
B 7. REAEXF PVY LAMP 89500

PVY BRE: T HiE PVY LAMP VAR OB R, X+ LAMP [ MR E 3E 6 MAFE
FIREIE, 4378 60°C. 61°C. 62°C. 63°C. 64°C. 65C. M HHIHANKMEAL, LAMERH A 1E N
PEXT HESR AT LAMP .. LAMP RN 5E R S5, BEAT 2%IF 8RB e pE ri vk, 120 V LK 30 min. MK
R DVEH, HIREAE 60°C~62°CHf, LAMP HHIRGES IS N 561, 2HiREHy 63°CH, LAMP 2558
BESRIGSE, JRIFAREER N, A AR, RULHIE PVY LAMP [k MR E N 63°C (& 8).

M 1 2 3 4 5 6 7

bp

‘H: M: markerl; 1: 65°C; 2: 64°C; 3: 63°C; 4: 62°C; 5: 61°C; 6: 60°C; 7: W‘T@(ﬁﬁﬁo

Figure 8. Effect of reaction temperature on PVY LAMP
B 8. RELREXT PVY LAMP RIS

3.3. LAMP RN HIFREFFR

TEAR R TR E BISINE S0, #REr ARk &4, FTbh, ARG HAHERE LAMP MNAK R,
ANISIMEZE . N T 5EHFE CMV F PVY 1 itk & DA N 2641, Be8mfiE T LAMP BB AR vk
AR(#3), RN 63°C M 40 min, 80°C 41k 2 min.

3.4. LAMP FE89 48]

LAMP B 58 B » BEAT PR B3 0, I RE P S B8 SR AT 1 E e ) 72 A, #E JDN 1 UL 1 SYBR Green
| JG R Rgk e, BRI N Ik S R A BRI A o 1 93 e A R B P X R A 1 e
Pt 25 HUONREH o, WIOBRR A& 1= 2 (] 9).
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Table 3. The optimum reaction system of 3-LAMP reaction
7 3. LAMP R MR {E R M &

%ix A 2R
FIP/BIP (10 uM) 4L 1.6 uM
F3/B3 (10 uM) 0.5 uL 0.2 uM
MgSO; (100 mM) 1.5uL 6 mM
dNTPs (10 mM) 3uL 1.2mM
10x ThermoPol buffer 25uL 1x
(Bst) DNA polymerase (8 U/uL) 1ul 8uU
DNA 1uL

C

(A) JUEMEE; (B) LAMP P29 tagh R (C) LAMP =R HIKEE s M: marker |5 1: LAMP [IMESE R 2~4: LAMP [HMESS
B 5 EXTIE,

Figure 9. Detection of LAMP products
9. LAMP F=4##&

3.5. LAMP R4 54

3.5.1. CMV LAMP {& R KR B4 547

CMV HI TR IR, I3 BURLAIVR Ay 1.987 x 10° ng/uL, LL 10 A5 AR R BURL, MK VU B
10'~10° 5, LABLARENR, 43 HIEEAT PCR [N AT LAMP SR o HLiK 45 B 2 7r (4 10), PCR K%
FRJE N 1.987 x 10 ' ng/uL, 4RE:FRE, BOH R 4, SR, BB R RS $0L %) 104, 7 10'~10
PR R, SN 2% IR 5 2 B A AR A B B I i ok 55 o 1T LAMP AU 11 3¢ 1 BIR A2 75 iRV 3
B3 1.987 x 107° ng/ul B, 4RSERRE, WA A RN . MU, FORLARIR (5 50h 10°. 78 10'~10°F
B, RN R SRR S IR s, BT 10° A1 10°, V4K DR, (22
TR LA A E B %45 . 45 LR, CMV LAMP (R 8U% & T# M PCR, KM 100 5.

3.5.2. PVY LAMP {& R #R 814 547

PVY I BERBUT KL, 43 FUR AR N 2.045 x 107 ng/pL, LA 10 fHORE R R, MK IXFRRE
10'~10° /%, LAML AR, 2> I3EAT PCR JSA LAMP R o Bk HI45 BB (14 11), PCR Kl % =
BRFEA 2.045 x 107 ng/ul, 4RELFiRE, A RS I 4, BRI, BORLIO R REGE $0A %) 10°, 78 10'~10°
PRI FR R, N 2% 1) 5 i 4 i o A R 5 5 PO B N T 955 o 1T LAMIP A P4 5 v BIR 5 A2 7 RV 3
BF) 2.045 x 10 ° ng/pL B, ARSEFRRE, WA PRIV . BRI, FORLIR BRSSOk 10°. 7 10'~10° Fi
et fEep, RN 5L R S B RR SR N Mk 55, BT 10° A0 10°, ROIZRH DA RAH, B
ERAT AR E B 4. 45 EFTIER, PVY LAMP (R EE & T % M PCR, AA% 100 fi%.
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M 1 2 3 4 5 6 7 8 9 10

M 1 2 3 4 5 6 7 8 9 10

VE: M: marker V; 1: 1.987 x 10°ng/uL; 2: 1.987 x 10?ng/uL; 3: 1.987 x 10 ng/uL; 4: 1.987 ng/uL; 5: 1.987 x 10" ng/uL; 6:
1.987 x 10 2ng/uL; 7: 1.987 x 103 ng/uL; 8: 1.987 x 10 *ng/uL; 9: 1.987 x 10 ° ng/uL; 10: BAMEXTHE,

Figure 10. Comparison of PCR and LAMP CMV sensitivities
[& 10. CMV PCR #1 CMV LAMP RSERIEL LM E
M

1 2

3 4 5 6 7 8 9 10

VE: M: marker V; 1: 2.045x 10°ng/uL; 2: 2.045 x 10?ng/uL; 3: 2.045 x 10 ng/uL; 4: 2.045ng/uL; 5: 2.045x 10 ng/uL; 6: 2.045
x102ng/uL; 7: 2.045x 103 ng/uL; 8: 2.045x 10 “ng/uL; 9: 2.045x 10° ng/ul; 10: [MEXTHE control.

Figure 11. Comparison of PVY PCR and PVY LAMP sensitivity
[& 11. PVY PCR #1 PVY LAMP R 81 BILL 35N E

3.6. FIEVE AT STHT

FEMBIN 25 HR AR ¥ 14 43 FRIRE S 9 CMV Al rh, PCR AN 9 43 FHIERE S, LAMP &Il E] 10 4
BHPEAE A, PRSI 77 72 1 25 R AR — 30 (1] 12).

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
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M: marker Vs marker I; 1-14: H[AIFES AL~Al4; 15: BAMEXTEE: 16: BAMERTHR.
Figure 12. PCR and LAMP results of CMV from a field sample
12. HIE#ES CMV B PCR #1 LAMP &8
TEMBMNEE X R 13 4 HHERE S 1 PVY Al A, PCR ARSI E] 7 4 BHIEFE &, LAMP £ 2] 7 4> BH
PERE S, PRI 7 v ) 45 SR — 21 13),

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

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

M: marker V; 1~13: HIAFES: B1~B14; 14: [HEEGTHE, 15. FHIEGTHE,

Figure 13. PCR and LAMP results of PVY field samples
13. HIiE#E& PVY B PCR 1 LAMP £

4. W55
1) HIEFES CMV IR, A5 5 & PCR JRHTE, 1 LAMP AR, BAREFE A Reidk—0 7.
FEdh ALL FIFE 5 AL4 1 PCR S BT, LAMP H1E S5m0 7242, HEM R R LAMP (1) 2R 8505
T PCR, FrlAnl DA BIf0 S 58E . AFdh A2, A5, A9. Al12 ff] PCR 27 1RIE, {HAHXI M) LAMP
HEIEMT AT WL, [FRERT AULH] LAMP (1) R B0U% L@ it PCR = . 78 HIEIRE S PVY BRI, FE & BL.
B2. B3. B4. B5 (1) PCR 4kifi s, {H LAMP {155 IRIEMT. PCR A1 LAMP PRSI 77 72 1 45 2 — 55
2) BN —FHIIZIRY T B, LAMP B B 56k, SIY 8ot B LR 2%, Wk sl Wit
AT, A SEEMREEERY . LAMP 1 4 2519 XA H R LR AER T, i
A BRFIEAT, FULIER KRR b, s RS Re, (28 HREREKERD, 1 LAMP § i
TiEAT
& H

IR A A W) ORI E (5TH 9 5 . 14-16ZDAa02).
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SE 3K
[ XA, A5, B, S S-SR ORI AR B SRR, R AL 254, 2018(5): 76-81,

[21 %%, £, skE, & A0 SEERY BRI N 57 S0E D] B i 22 EA Il 24k, 2016(4):
174-178.

[8] &ighe, KNS, ¥k LAMP-LFD AR REIEAEYPAG M A, S E £ TR, 2015(12): 95-101.
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