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3 R LUR E LAMP [JE #0757 5% B & 3T

EOW BES EEEY ERL KR ER

(. IWERB WG TR EZEH R B, MG 2655005 2. MG TR TAER, LA MG 264001 ; 3. MG Kb okl
2EBE, LA MG 264005)

FEE . 3 5Ptk ZHUE N E R LR A Botryosphaeria dothidea %3 2R~ 5 1% 4 3% (loop-medi-
ated isothermal amplification, LAMP ) #- 77 i% , vA H- 4 45 32 18] 8 X ITS 57 4 ¥eiw, %3t 6 & LAMP
Sl 3 A SR AT AR Ao ST S RAE SR TR 09 LAMP AR 7 % 3l 4 1k
K 2R A 2HRFRBLFARBLEREZGE NN, ML CIRNBARA LR ZHRE A
MM, & B T LAMP A4 5] 45 69 S 4% 1 . AL S 69 LAMP /2 B &4 i3 B 65°C & 35 A 1]
60 min.FIP/BIP .F3/B3 .LF/LB 3| # 4K & 5% 4 1.0.0.25.0.5 pmol/L, LAMP ¥ 75 i xF 3 R 46
4% 1 DNA 89 #im] 2 40% 35 5] T 100 ag/ul, 2 % #LPCR AR M R A 69 1004, & [8] L2146 40 9%
20 LA M 25 R R ILLAMP 75 ik 3t F R LR H 691 B R F38 68%, mAE G B A ke i R
XA 24% . F P PT 569 3 RAELR H LAMP Beif 4o 7 & R AR Bede B F M5 REES, LL
&R TR EARAM AT T 3E R LR A 09 B 8] P Abm]
KGR ERBLCRE; AEZMBR (ITS); SRA-FFB5 3 (LAMP) ; Hrik b

Development of a loop-mediated isothermal amplification assay for rapid detection
of apple ring rot pathogen Botryosphaeria dothidea

WANG Shaoli' QU Henghua® WANG Yingzi"® WANG Peisong' LUAN Binghui' WANG Guanhua’

(1. Yantai Academy of Agricultural Sciences, Yantai 265500, Shandong Province, China; 2. Yantai Fruit and
Tea Workstation, Yantai 264001, Shandong Province, China; 3. College of Agronomy, Yantai University,
Yantai 264005, Shandong Province, China)

Abstract: To establish a convenient and quick detection method for Botryosphaeria dothidea, based on
internal transcribed spacer sequence (ITS) of B. dothidea and using six LAMP primers, the loop-mediat-
ed isothermal amplification (LAMP) method was successfully established after optimizing reaction con-
ditions. The specificity assay of LAMP showed that the products of two B. dothidea strains displayed
green and positive reaction, and three other control strains displayed orange and negative reaction,
which suggested that the LAMP detection was specific for B. dothidea. The optimized conditions of
LAMP reaction were constant temperature 65°C, 60 min of extension and 1.0 pmol/L FIP/BIP, 0.25
pmol/L F3/B3.0.5 umol/L LF/LB. The sensitivity of LAMP detection was 100 ag/puL for B. dothidea
DNA, which was 100 times more sensitive than that of regular PCR detection. Finally, LAMP was ap-
plied to detect suspected apple ring rot samples collected from the field. The positive rate of LAMP de-

tection was 68%, while the positive rate by using traditional identification methods was only 24%.
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The results indicated that the LAMP established in the study could rapidly and easily detect B. dothidea,

and had the potential for detection of B. dothidea specifically for grassroots plant protection agencies.

Key words: Botryosphaeria dothidea; internal transcribed spacer; loop-mediated isothermal amplifica-

tion; rapid detection

1907 4F H A B2 58 B AR RS R R R 3L T
SERACBURTE , HAFREZ R R AR, A5 —
PRI DL AR A 3 7 )3 S T B4 2R 2 ALY Botryosphaer-
ia berengeriana f. sp. piricola(Bf% ,1999) . 2012 4%
Tang et al.(2012) XA [G] R YR Y 71 A2 SR 58 S0 TR
HE R INFPEAT T T, B A E B R E i E R H
AL B0 1) i TR A R 28 JEE I T Botryosphae-
ria dothidea . -FHBURAEFRIE KA TLH) ™ fEHF
PR T BRI e BB R, T
JB R B RIIRAL, K a2 ) 55 1 R
Bl a7, i R S 2 T R (GRIB R 2= 4E
2009) . H FiEF XT3 5 SO0 1 0B R
Fifr, I HL5E 8005 T T R B, R LR o Y
HR X2 i I, T 0T~ 7 SR 4 800 BT A 9
BHIEGILAEMEL F I PCRY 1 G5, 2011)
ZOLE B PCRAZIN (B Rk, 2017) 45, (EJ2 X 4877
BARAER s (2RI 2 7, [A] A A5 2 PCRAX BRI HY
VKACRE U £, J0 16 A2 T T PR e 0 7 75 oK o
W, T bR ERR LR YR T o T
i T ) B0 B 4 LA R T ) A A ) LA
(p=9"a

WA FEHIRY 1 E R (loop-mediated isothermal
amplification, LAMP) J2& — F{ 8 1 DNA " 8 £ R |
JEA 4~6 SRR S T W B LA g O T M Y
Bst DNA KRGS 510 EEAE 60~65 CHHIEIAM T
G B[R] R G AR DNA 4 AR, A I 1 80%R
RS PE R  RUR E AE R TSR . BT,
LAMP Kl AR & 28 HI T 5299 1 Xanthomon-
as citri subsp. citrri (JIIHAE,2017) | Eh % 5 MR T
Pectobacterium atrosepticum (%8555 ,2017) B K
Y94 B Erwinia amylovora (Moradi et al., 2012) | 3
MUZE 259 # Phytophthora capsici (G55, 2015) 55
22 AT Do TRT PRGN, 2 — A ol 288 ) o Do T P
BRI EE A, [RIE;, LAMP 2 F= 90 RS AN A ]
DA 1 e B2 {3 real-time PCR X BB it Bk A 2R A T
ifii AT LA3E 5 SYBR Green I( 55545 ,2013) 45
W4t £ (Tomita et al., 2008) . ¥ 3 251 ¥ (Goto et
al.,2009) 4L o J5 547 PR AR TR 51, 1o 75 L 7E 25 Foig Jirt
P Y FH TR A I A 2z . BT, C TR R

U5 T LAMP £ DU 2 AR B 98 DL SR I Ta] 1 1
il AR DA

AW ST AU EE T3 R A B0 1 1Y ITS P81 i it
FH A D 2 SR A8 20 T 1Y LAMP 5 |9 F % 462 0 5
WL AT Ak, 857 L SYBR Green 124 48 /% 1 1)
LAMP i £ A, LUHH A 5 %5 397 R 58 S0 1 1Y K6
=5z, Sy G H ] PR a2 W R 30 7 4 4 A R
X
1 MRl 57m%E
1.1 R

A3 B Pk - 2 Bk S SR 58 SO TR Botryosphaeria
dothidea .1 $£3F F- 18 258 8 Valsa mali 1 BRSE R %
JE I Colletotrichum acutatum .1 ¥E3E R 006
Trichothecium roseum , 33 1 M 5 T AR B} BEAE ) - 3
SRR Ir BRATE 5 50 0y BA SRS SR FE SO AE Y AL
TLHEUR A & A B2 BE R SER AR N
Hh 4’5 2~31 S IFHEAR B T 10 4E 42 & 1 Fp
R, i 32~41 S HIREAK H T 10 45 A R i f
SR, G 42~51 5 BIREAR AT 10 4F AR 4 0 b
FEERAR

B % 3 - S 25 % 0% i I (potato dextrose
agar, PDA) i 323 ; L4428 200 g #4505 20 g B g
20 g, KIW/KEZAZ 1000 mL,

PR B AR - SR 4 PCRIE & Wil 7] & (2%
LAMP PCR Master Mix ,Bst DNA B4 N ddH,0) ,
A AR TR (i) ey A1 FRZA W) s DNA Marker
rTag DNA RA B, FA) TR (CRIE) A FRA A JE A
ZH DNA #2070 & , RARAARH (U0 A FRA ] ;
SYBR Green 1, &4 Y3 R B PR F] ;100 mmol/L
MgSO,, 32 [E NEB /3 F] ; 10 mmol/L dNTPs, 32 [ Pro-
mega /A F . BioPhotometer Plus % i 2 [ il %2 % ,
Eppendorf /' [E 45 R 23 7] ; MyCycler™ Thermal Cy-
cler 580BR % PCR {¥ , 5% [¥ Bio-Rad 2 7l ; DYCP-
32C BUIKS- B K AY , AE 5L S —AX AR ; Vilber Lour-
mat BE B8 %14 R 48, 125 [H Vilber Lourmat 23 ] , Mini
Dancer Plus 5 AU 2E R 20 HL, AR T A TR (1
VB A RS W]
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TEADTTES : SERFEE0 B LAMP BROEAS Iy 25 il it 37 129

1.2 Ak
1.2.1 JBEE ITS /570 5 % LAMP 7| 4% it

BB B Bk 20 9 T PDA B 95 56 | 25°C 5 8%
357 d e, W B 22 F 8 4500 22 5 TR R AR
TF o 5 J5L A TR 22 3 DNA 19 32 BCR JH 25 P 41 DNA
PEHUAT G AT, BARAE S B Gl ], SR L
# DNA T -20°CA1#-FE75 H .

FEHEELUY DNA R 3 R AT ITS JF 5 9 4
KW, ITS 51 %) M ITS1/ITS4 (5-TCCGTAGGT-
GAACCTGCGG-3"/5-TCCTCCGCTTATTGATATG-
C-3'),PCR JZ W& %} : DNA 1 L .rTag DNA B4
0.2 puL. 10 pmol/L b T 5|4 4 0.5 pL. 2.5 mmol/L
dNTPs 2 pL .25 mmol/L MgSO, 0.2 pL.2 uL 10xPCR

Buffer, Jill A K 1 ddH,0 #h 78 % 25 pL. " HF7
94°C Tl 25 4 3 min; 94°C 75 14 30 s, 55°CiE k 30 s,
72°CHEAH1 20 5,30 PMEH ; 72°CHEfH 10 min, FRAGF
511 J5 1] FH DNAMAN A4 HE47 1581 L X i 356 5 2R
R0 P B S R 9 [ IR Y R B, AR
J W 33X 43 7 5 A1) AE 26 ) Primer Explore VS
(http://primerexplorer.jp/lampv5e/index. html) % 11-3¢
SACBUR A LAMP 514, 448540519 F3/B3 VR
519 FIP 5 W 514 BIP (H B1 [ [n] B £k 51 Blc
I EB2HIRL) R LB K LF (£ 1), AR T A
51904 B e R TTS JE PRI e 1 f A= T A9 T2
() e A B2 R S8

%1 AHZFTALAMP K PCR3|#)
Table 1 Primers for LAMP and PCR in this study

5|4 Primer 51975 Primer sequence (5'-3") 1% Purpose

F3 CCCTTTGGTATTCCGAAG LAMP
B3 CAGCGGGTATCCCTACCTGA LAMP
FIP CGCAAAGGACGGTGCCCAATGGCATGCCTGTTCGAGCGTC LAMP
BIP ACATACATCTCGCTTCGCGAGGTCAACCTTGA LAMP
LF GAGCTTGAGGGTTGTAAT LAMP
LB GAGCGCAGGGCGTCGCCCGCCGG LAMP
ITS-LW-F TGGTATTCCGAAGGGCAT PCR

ITS-LW-R TTCCTCCGCTTATTGATA PCR

1.2.2  LAMP AR 75 ik 6 5 5 55| 4 7 M Ae )

AHIFSE I ST A LAMP A 5 5 S AR 2% < T
#2 DNA 1 pL . 2xLAMP PCR Master Mix 10 uL.8 U/uL
Bst DNA B4 0.5 uL ., 10 pmol/L N 5| 4 FIP/BIP
2 uL.10 pmol/L #F5 4 F3/B3 0.5 pL. 10 umol/L 3
514 LF/LB 1 pL, il ddH,0 %M & % 20 pL, B0l
MR TR SR JE AT uL i) SYBR Green 1 4%
b SR E N 65°C, S B[R] Sk 60 min, S5 45
W5 80°C . 10 min K i Bst DNA B4, i A SYBR
Green [ JYBF AT (0 LS A I 45

LAMP 5 | 497 (435 S PE ARG I « ARG I A0 A 43 1) 60 455
2R RACBURTA MRS RN T L 1RSSR
T RS ER O % I R LAMP R il & 5 iF
TR . A SYBR Green I 448} 422 FH A HR WL
g2, R M RO IYE  #E1T 1.5% BihehE
HEIE HL VKRS R, 257 S VR HCIRAR B S B, Ty 1
A R B
1.2.3 LAMP #0589 &4k AL

LAMP Kl 77 v A A R S P A Ak 2R 1
Bt AT 38 A T AN R 4 S0 I B, A ] 7 S Iz s

i8] LA K AN [] 1) FIP/BIP 51 Wk B, 7= I 7E 1.5% B
WHEE I FiL 7Kk r 1) 2ty S B R e e FE I g 2% o

HRAE NSNS 19 B3R5 [ A T 08, W RN TR A
Y153 HITE 62,63 .64 .65 .66 .67 .68 CIELEE W 60 min,
SRJF 80°C (10 min & [E o A THRERZ LAMP £
DA 2 0 e AR B 7 B[], 76 65 °C RN T, 43 31
PE4730.45.60.75.90 min [ I , #RJ5 80°C .10 min
LA . A5 14 F3/B3 HAE LAMP U 9] B
Bl 5| FAEH, AR, BRI 5 1 0k B2 1R Ak
LA o L [m] s 07 [ 7 A0 5 1) F3/B3 5 N5 91 T
Bk 124, [ 305 | 905 NS [ LA o 122, 38 Ak
514 FIP/BIP (1% 2 b Mk Ji 4 0.4.0.6,0.8 1.0, 1.2,
1.4 pmol/L, F 65°C ¥ 60 min, #XJ5 80°C .10 min 2
1B . LAMP AR R Mt #2 ) 1.2.2. ¥ DL |
AR L S5 B = TR 1.5% S BE e e vp A 7
HLUK , 5 st B o B O S5
1.2.4 LAMP % PCR B_&. % # & A6

HRAE UL 1 LAMP K 077 | 8 32 R4S 200
PR Y, DNA R A% 2 2 11 0 e 4SOk D v B 7 A
10 ng/uL, 53 3%5 BE 4 1 ng/uL . 100 pg/uL .10 pg/uL .
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1 pg/uL . 100 fg/ulL 10 fg/ulL .1 fg/ulL 100 ag/uL .
10 ag/pL. 1 ag/pL, $ DA b AN [R] i B2 572 51 58 800 1
DNA E NS> BT LAMP K3 L PCRAGI Iy
RALEEAIN . H R PCRAGIN 7k LASE S48 S0 TR Y
ITSH 3 A A IEEAR , 9 155 14 ITS-LW-F/ITS-
LW-R (5 1), PCR Z W & 5 : DNA #i# 1 pL.rTaq
DNA B4 0.2 uL . 10 wmol/L 5|4 ITS-LW-F/ITS-
LW-R 4% 0.5 uL.2.5 mmol/L dNTPs 2 uL.25 mmol/L
MgSO, 0.2 uL.2 pL 10xPCR Buffer, il A K ddH,O
HFEE 25 pL, SNFER : 94 C AL 3 min; 94°C AR
:30's,55°CiE k 30 s, 72°C #E{# 30 s(1~2 kb/min) ,
30 MG ; 72°CHEAH 10 min, BF 5L P2 WITE 1.5% 19
B RE R A TR KA . DA e i 3 IR
FARTER . KiF ddH,0 1E M2 X iR, ) g 7= 4 F
1.5% S REARE e vh AT FL DK AN , R3¢ 2 b A DN
DR, KR E 3R ARER .
1.2.5 W )50 3 R A SR 4L LR A Al

AR 65 77 4l Bk 27 Bt S 3 A 3 PN SR 4R 50 S
A ] S S R AT B0 RS, S5 52055 (2011)
DT ERER AR R R T I #E S TR I ELZY 0.5 emx
0.5 cm K/NAIRBEH LU TR G o B 4 o K
BEL S R TAE 5 P9 5% WS R AN % 1T T

A M 1 2

bp

2000
1000

500

250
100

253 min Ji7 , JCHE K Pk 3 U, FH KB WK 4808 1
FES T K 205 B T PDA B35 3k [ 28°CHE 93 d
PREN GBI RAR o BREU > B B A S PR PR 223K 45
9 JERL TR 4 1% IR W, 38 a2 TR I T 25 s R T E
IR %5 o WIS — 15 B85 129 0.5 emx
0.5 em K /N9 BE 4 21 H 9 F 2 DNA £ B &
FEICEE H 41 DNA, LASE S5 8005 7 PR 22 DNA i FH
PEXTBE KB ddH,0 1E R 25 0 RR, 43301 5% FH & AR
PCR K 5 1 KA AL 5 ) LAMP 6 {4 28 104746
M, 7 kTR 1.2.3 F11.2.4, HOAC i i3 8 AR AE %58 K
2 PRI 7 i (AR HE

2 ERESH

2.1 LAMP #7753 IR 519045 Rl

43 I LSS A 200 B DL RS SR R P AR
PRIELI T S 80 9 TR Y L DNA R 150 #E 47
LAMP ¥ 34, 25 5 5 7R« DLSE SR A8 S0 B DNA R
M 9 LAMP 7= ) B Uk 257 52 R OR300 A48 Oy 2
0 1T DASE ST 9 TR S SR RIS TR S AR RO
A DNA AR 1) LAMP R0 7= LK G 257, B
5 kg o (1), 2 13% LAMP 6 I {4 2 7] D)4 S5
PRI S SR SO TR

3 4 5 6

A BEBCFE VKRN LAMP 4] ; B: SYBR Green Tl LAMP /"4 ; M: DL 2000 marker ; 1~2: 32 R54
F TR 5 3 SERBIEIR P 5 40 SERRAR T 50 SERELOHE; 6: BIPEXTIE . A: LAMP products were an-
alysed by agarose gel electrophoresis; B: visual inspection of the LAMP products with SYBR Green [; M:

DL 2000 marker ; 1-2: B. dothidea; 3: C. gloeosporioides; 4: V. mali; 5: T. roseum; 6: negative control.

B 1 LAMP 53| #343 R 5w B RO A
Fig. 1 Specificity detection of LAMP primer on Botryosphaeria dothidea
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2.2 LAMP &7 iER AL

T LAMP J 0 i & Ak v, i vk 45 2R s
62.63.64.65.66.67.68°C F YA &4, £ M
62~68°C 55 T B REHEATY 1S , Horp 65°C 41 T 1Y
PR SR Bt Z 5 S RN I (1 2-A) , DT
JE S NI EE R 65°C.

TE 65°C I i JE T, 43 347 30 .45.60 .75 .
90 min [ 5 , FL K 45 SR 878 30 min B A EAG I 2]
P27, 45 min J5 BV RTRG N B Y36 25747 , 1] 60 min
B =) Sty SE B ok, Z R e EEAN S I (& 2-B)
AT 2 A 5 17 6 (] A7 60 miin

TE 65°C N it B2 T, 5 I [] 2 60 min, FIP/
BIP (3¢ ) 4 0.4.0.6.0.8.1.0. 1.2, 1.4 pmol/L i,
H, Uk 45 SR 78 245 | 4 FIP/BIP ¢ 54 0.4.0.6 0.8 .
1.0 pumol/L B, Bl Ve B T3, 971G S5l i) s B Rt 2
B4 FIP/BIP 5| ¥ B 2 1.0, 1.2, 1.4 pmol/L
ik, B o R 1 0 25y 5 B P i A ] b A4k (1] 2-
C), I 2 FIP/BIP Bl 244 A 1.0 pmol/Lo

zi b e AR IS 19 20 uL SERFE S0 # LAMP
KA 22y - 454 DNA 1.0 uL .2xLAMP PCR Master
Mix 10 pL .8 U/uL Bst DNA %41 0.5 pL. 10 pmol/L
FIP/BIP £% 2 uL.10 pmol/L F3/B34% 0.5 uL.10 pmol/L
LF/LB#$ 1 uL,ddH,0 #ME 20 pL;65°CHEEZ . 1 h
Jii ,80°C .10 min K} Bst DNA 451 .
2.3 LAMP EE# PCREN R ERN

HF 1.0 ng/uL A9 SRFE L0 7 DNA $2¢ I 10 £k
JERBEERGREZE 1 ag/uL, 439l & B PCR K4 52 K2
LAMPRACSS 1R R AEATRE M 7 B PCR K I &5
i 7R B DNA 2 °4 1.0 ng/pL~10 fg/uL I} ¥ HED”
W H 4 4 (AR DNA S 1.0 fe/ul B0 6k
PHGHHTC H R (B 3-A) , RBFLR R 10 fgul.
T 7E DL R 1.0 ng/pl~100 ag/uL DNA A & #t
B, LAMP J2 I ™ Py 35 A SR R 38 254, (B DAV
J& 10 ag/uL () DNA S BEAR (14 7= W 51 JC 5 34 5%
H# (& 3-B) , BB 1% LAMP 6 I 7 15 19 52 0% 15
#7100 ag/ul, J& H #L PCR M J7 vk R 8L (1)
100 1% -
2.4 HIE S ERBLLURIEMATE TN

4 HR] R AR 114 50 53 B8 RSP R4S SO E i 43 5]
AT RIL S22 B % E  LAMP ¥ 38 K H 1 PCR
PORERTI 25 R B, A B SR AU A
YeoE oy B M SRR BUR T 12 0 R TR
24.0%; F % FL PCR J7 75 A s BHPERE & 32 4,

B B AL S8 0 1 VR S Y 12 ik At 3y
64.0% MIEH] LAMP J7 124500 H BH AR i 34 403,
H AL £ R B PCR %58 Y1 32 1 Ak L & Hh 2Rk
68.0% , F WA v 37 1 LAMP Al 7 g 4%

[
B IH] o

M: DL2000 marker . A: LAMP JZ i il BE (gt 4k, 1~7
SR 62, 63, 64, 65, 66, 67, 68°C, 8 Jy B X] i ;
B: LAMP K B i (8] B9 A4, 1~5 73 5] 9 30, 45, 60
75, 90 min, 6 AFAYEX I C: LAMP )i FIP/BIP 5
Yrve ik, 1~6 235175 0.4, 0.6, 0.8, 1.0, 1.2, 1.4
umol/L ¥ & Y FIP/BIP, 7 & B 1 %t i 5 M: DL2000
marker. A: Optimization of temperature for LAMP detec-
tion, 1-7 are 62, 63, 64, 65, 66, 67, 68°C of amplifica-
tion temperature, 8 is negative control; B:
of time for LAMP detection, 1-5 are 30, 45, 60, 75 and
90 min for amplification, 6 is negative control; C: optimi-
zation of FIP/BIP concentration for LAMP detection, 1-6
are 0.4, 0.6, 0.8, 1.0, 1.2 and 1.4 pmol/L of FIP/BIP con-
centration; 7 is negative control.

B 2 ZAREFFRETESLH LAMP & 75 % B I B S IR 5 R

Fig. 2 Optimization of reaction conditions for LAMP detection

optimization

established in the study



132 iR/ U

¥R 4718

1~10: 1.0 ng/uL. 100 pg/uL . 10 pg/uL. 1.0 pg/uL. 100 fg/uL . 10 fg/uL. 1.0 fg/uL . 100 ag/uL . 10 ag/uL. 1.0 ag/uL (3%

PR AR E DNA; 11 BPEXS IR M. DL2000 marker,

1-10: 1.0 ng/uL, 100 pg/puL, 10 pg/uL, 1.0 pg/uL, 100 fg/uL,

10 fg/uL, 1.0 fg/uL, 100 ag/uLl, 10 ag/uLl, 1.0 ag/uL concentrations of DNA; 11: negative control; M: DL2000 marker .

B 3 #EMPCR(A) K LAMP(B) il ¥ RE LR E K RBE DT
Fig. 3 Sensitivity assay of PCR (A)and LAMP (B) detection of Botryosphaeria dothidea

3 iFig

H HITE A A S0 R ) 70 B8 58 F BARGEAG S
B o B A AR A (HRZ O IR K AR
KA, J0 T Ao P () PR A 9 7 22 . i B
BT AR R HRFE PCRAL M & B
REETA . AR (2017) ST T SERFE S0 1 Y <
I PCRAGIN 75, RELEEIRE] T 10 ag/pl, JBAHF 5
H LAMP £ 3l 52 45 % 100 ag/ulL #4910 £ , {H LAMP
A HC R ML PCR J% 5 H PCR 1Y )7 1k B A F 1R f
B RGUE AR T A R P A5 R B A B E R
PCR A ) 2~3 T ASHI B[R], LAMP A& Fiof 7] 4 K i
A%, 7F 45 min (1 5 A E) B BV R pR s ) ) S SR
FeEUR R DNA R B, JCICE FH A H ] PRt RS
Wi . [0 LAMP 6 5 A7 55 24 SR 1 (] B o A7 A
by 3% RKAGEMETG e, 7= A A8 P 1 XURS: (57 F
45,2015a) , PRI, AR F T NI s il 69 77 1%
RKf SYBR Green I 44 H7E 52 i Hif i A %] PCR 45 Y
b R SRR 0 BV AT SRR B AR E TR
RERGIE— 2Bl IE TG Y . (HAE I Z AT AR e
T e AT 5 A AR 5 43 X, G R S T 1
DNA $2H0K LAMP A5l 5 1 #3481 ™4 3 XA T
[ 38 B2 A I 7 48 L% KPR T, LA b AR B
=

ASHIF 5T Sz BB L 305 X6 i LAMP A6 7 95
SN, 7E 62~68 A Bl N R RBHEA T4 2L 44, X
— 2 B 5 T IE 4 (2016) 38 1 LAMP A R AR 4
ik T8 Fusarium pseudograminearum {3 ¥4 GBS

il 61~66°C , LA K F 37 ~F-4 (2015b) F| I LAMP £
WA 22 241 B Mk 25 S 9% I Xanthomonas axonopodis
pv. manihotis )3 3 il B2 35 [ 2R 59~65°C 1Y 45 32
oI, &R BT Bst DNA A BEAERET 12 1Y R Y
PRI AT HEAT A 20 3G, 3 G 7 T 7R A IS SR AR 4L
9 AT B — 7 3 (4 P IR B0 AT 3 2 HH ] LAMP £
I, i T e A A R T A

ARG S FFH R 58 B0 T 1) DNA AR AR
HEAT LAMP K30 i) , 177 FH [R) R AR A0 21 2 b & s
JE P AT 5 TR 2244, TG ELHEAE ) LAMP [ AR
AT RN, 1 H DNA $2 BUSAE A BRA X 8, K2
7 40~50 min, FL75 2B DAL AR 5, Tork i 2
FHT (] P 75 50 ) 4 HUEE SR o 4 X LAMP £ U 19
DNA P SO ¥, AR TA TR (B ) Iy A R
IS EFR T All-DNA-Fast-Out — 35 3 DNA $2 2
A, A2 IR o 8 2 i 2E ST 0 v
AP BT , 80 °CIE T 5~10 min, W HL [ 77 ¥ BV AT
i LAMP AR (53 /N8R, 2018) % 5 L FE I Jd
HERAERE , (A H T3 R AE S0 T 1) DNA £
BUR A A TI0 75 A7 J5 22 i ik

AR K AR 5 1 LAMP #6101 77 3 % 50 4~
FH [] SR A 9 SRS R AE SO AL ZLEA T A I, 285 2R 1
TN NGBS 2203 B 08 T 6 S R AR SO T R
K 24.0% , LK T LAMP K50 Y 68.0% Kt 3 i
PCR K (1) 64.0% , 111 1% — 25 J 5 8 A5 45 (2015) 56
T RO B3 TR ARG I 235 SR — B, BB LAMP £ i
BB TAR G I3 88 455 Jy 1k B -3 PCRASIN J5 1% .
[ B L E S T LAMP A6 0 32 (%) v A A e o R
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[ LAMP PR AGH ik (7 37 133

FECRE it X S 35 ) 39 2R 48 S0 Tl 1) B it A B
LB o ABEIEE UOR Al AL ) LAMP £ K
J7 P37 SR A SO R BRI, DX A 7 ik AT T
DAL AR HAL Ge 0 1 % T vk B L PCR 3, %
Trik A PG ERf SR A RO SRR A A
ﬁ@%?%ﬁ%ﬁﬁn%%ﬁﬁ VAR BB

{EL, UG PH T2 BE A FR B9 5 Z AR AR AR X T
(]3P SR 5 SO A ) DR AGHI
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