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ABSTRACT

Strawberry anthracnose is caused by Colletotrichum gloeosporioides and Botrytis cinerea can
lead to strawberry gray mold, which are the main diseases in the agricultural production of
strawberry. Chemical control is the main means of preventing and curing anthracnose and gray
mold diseases in strawberry production. The level of control effect will depen on the resistant of
pathogenic fungi to fungicide. The traditional method for detecting resistance is isolated and
purified the pathogen, then transfered to the potato dextrose agar medium containing fungicide,
according to the growth inhibition effect of the agent on the pathogen to identify the resistant
isolates, which takes 5 to 7 days even extended to a few weeks, and is time-consu ming and
laborious. To achieve rapid detection of pathogen resistance, Loop-mediated isothermal
amplification (LAMP) was established to obtain reliable detection results within 1 - 2 h, which
will rapidly detect and monitor the pathogen resistance and the resistance development, so as to
guide the medication reasonably.

[Method] For gray mold disease, the rapid detection of LAMP assays for resistant - pathogen
were established in this study. The specificity and mismatched LAMP primers were screened to
identifiy the resistant strains. Components and conditions of LAMP reaction were optimized, then
LAMP assay were used to detect field samples of trawberry gray mold and then samples were
taken back to the laboratory for isolation and culture, and the traditional distinguishing dosage
method was used to test the resistance, the results were compared with the LAMP assay to validate
the LAMP assay for the dynamic monitoring of resistant populations and the assessment of
resistance risk. For anthracnose, the rapid detection system of LAMP was established for the
detection of anthracnose occurrence in strawberry seedling stage, after that, isolates were collected,
isolated and detected the resistance of the pathogen by distinguishing dosage method, and the
molecular mechanism of resistance was analyzed, based on the above, developing the LAMP
assay to rapid detect resistance.

[Purpose] Strawberry anthracnose is caused by Colletotrichum gloeosporioides and Botrytis
cinerea can lead to strawberry gray mold, which are the main diseases in the agricultural
production of strawberry. Benzimidazole and Qo inhibitor (Qol) fungicides are frequently used for
disease management. However, there are many hosts of C. gloeosporioides and B. cinerea, at the
choice pressure of the fungicide, once the resistance occurs, the level of resistance will develop
rapidly for its short life cycle and prolific reproduction rate. And they have characteristics of many
mutation sites and latent infection, so the rapid detection and monitoring of pathogen resistance
have become particularly important to guide the rational use of fungicides.

[Method] In this paper, the resistance of pathogens was detected by distinguishing dosage
method, and the molecular mechanism of pathogen resistance was further explored. The rapid
molecular detection system of resistance and latent infection was established: Loop-mediated

isothermal amplification (LAMP) Technology to detect field samples, through the mismatched
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base primers specific identification of resistant strains, and the difference between the
measurement method of comparison test for the dynamic monitoring of drug-resistant groups,
resistance risk assessment study.

[Result] 1. Development a visual technique for the on-site rapid monitoring of carbendazim -
resistant Botrytis cinerea using loop-mediated isothermal amplification. The LAMP mismatched
primers, based on the E198A (GAG—GCG) point mutation, were designed to detect the E198A
genotype specifically. HNB acted as a visual LAMP reaction indicator that turned the violet
colored into a sky blue color. The detection limit of this assay was 100 copies and 10 times more
than PCR. This LAMP assay could be applied to detect B. cinerea with the E198A genotype with
100% accuracy compared with distinguishing dosage method. 2. In this study, we established a
Loop-mediated isothermal amplification (LAMP) system for the monitoring and evaluation of the
risk of development of B. cinerea resistance to Qol fungicides; the method uses two LAMP assays.
The first assay detects G143 A mutants of B. cinerea, which are highly resistance to Qol fungicides.
BCbil43/144 introns in B. cinerea are then detected by the second assay. HNB acts as a visual
LAMP reaction indicator. The optimum reaction conditions of the LAMP assays were 61°C for 50
min, and the detection limit of the LAMP assays was 100x10#ng/uL. We directly pre-treated the
field samples by using All-DNA-Fast-Out to extract DNA within ten minutes, then performed the
LAMP assay to achieve one-step rapid detection. In conclusion, we established a rapid and
sensitive LAMP assay system for resistance risk assessment and for monitoring Qol-resistance of
B. cinerea in the field. 3. A rapid detection system for direct detection of strawberry anthracnose
from plant on the plant body was developed. The field sample pretreatment was quickly carried
out by LFD (lateral lateral flow test paper) and alkaline polyethylene glycol extraction for the
purpose of detecting strawberry anthrax. 4. The rapid detection system of LAMP was established
for the specific detection of C. gloeosporioides of the G143A mutant genotype with the high
resistance to Qol fungicides and E198 A mutant genotype with the high benzimidazole fungicides,
respectively. The results are consistent with distinguishing dosage method.

[Conclusion] The results of this study can achieve the purpose of rapid detection of
strawberry diseases resistance in field, and it is great practical significance to adjust the strategy of

strawberry production, improving the effect of drug control and reducing the dosage of fungicides.

Key words: Botrytis cinerea; Colletotrichum gloeosporioides; Methyl thiophanate;
Azoxystrobin; Pyraclostrobine; Detection of resistance; Loop-mediated isothermal

amplification (LAMP)
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1.2.3.1 33 Hoked £ A0 Fl a9 4tk

ZRIEBRMESE R —RIEH T HRME RO AW, Gedibl 5%
SRR 2K TR bR R, AR BE SR . 2B
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WK BB RRET, IKBIRE B-tubulin FERIF)ZE 198 TR IEBA KA RABR, 1
BTN 2 B R UG 198 AL ZUEIR AR RABIN, $712 B R T X £ %5 BEAUUS;
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1.2.33 s F A AR BREE X AW A a9tk
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FEWEFERMAN ST 11 8 opeb ZENTES 143 AL FERA RIRANETF. K
ZHKBREREERE T 2. [ HERSAWERGEUSEE, [ HEEN
% R ER RS R AR BT B R, BPUYE AR b EERIRIEE 143 (MBS FHER
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78 H ()0 R AR TE LU 7 2 S TR T A R R D K 5 365 TR IR R AR T 5
A5, AlfE SEE SIS RGO, Ma S0k 28 % #0158 AE UK B AR A AR BT
TR S 2 B R I DU A H R R B R R (BOS D HEAT LA R I, AN
R R R AL ST R BLAI LI A, H MR 365 AL MR B 7 IR IR R
FRELAIRBR NG ISR 369 M B A 2 B = IR H e
373 SIS FERR H R ATk R L IR IbAh, BOSI BEIR L IS LR i 584
1365S/N. V368F. Q369H. T447S. Q369P. N373S Al 1040 fif fyHk 2L HEal LL 5[ 42
IREEWIPXT DCFs B 1HEP4, 1X 3 BH K 85 b P — WK 2R 245 70 AH DG ¥ BOST
BR T B SR
1.2.3.5 3 3K ok £ B Fl 69 bk

AR P 2 2R TR 12— 28 B B AR TR I R AR T ) —— i I s R 3R S T R
(R0 Y e 85 I PR R VR R AR B SR AT R, T DA 2K B 1 A
MR R R 22 A, 28205 W R R SR 27 LR AR AL, IR H 3
Z AFAEIE B B « DUFEH 3 A W WG 10 1E AL B T8E R (5
S RS, i s ENE, SEmE RS .



FIHATALL, KA 2013 FEBFRWINAL H 2, LR nFAE R I i
AR BN RIS S B R PUE R B AR, (Rt R R R PSP R, &
AR IR I [0 % T i 1) T e B R 8.
1.2.2.6 3R Jie A vgvg £ 8 il 69 i

TR RS AR AL 20 tHhad 90 AEARH T ANRRI, BET A E A . 1%
FRLGFIFT K B T I F 0 R B Re ), {E2 ] LRI A R F0 1 I 2R K R T 2
A, PSR R 22 N R SR N AR A R H AT O AR & X R A BT
P B R B SRR Y (HH AT ANTE SRR DOV LEE,  7E H [R] R 300K 2K 28 00 B 0T
ZRAFIFERE =R R BA AniRl, AniR2, AniR3 2% i = H AN,
ANI2, ANI3 #fil. AniRl RIAX R0 K2 FIG Fm B Hiit; AniR2
AniR3 W] EZLRIUAE - E B B R B 7 BT AniRL ) METB BE K15 70
FT 190 A7 1 A8 5| XS B FE R 1) #1538 S24F Fl 164V, B HEAREE -4 R BT
R IR AR, OB R, = ik, MR AR S 2
HE 50
1.2.3.7 3t 3% 20 B 60 S BG4 71 49 L4

DARE Ik b4 S AR SR IR FH R I B A 1 730 T 90 SERFRAEH, Tz NAT
IR F BTG, IS 30 ] BB SRk 9 IR IR 55 EI S Gk T BRHIIR
-CoQ I J5HE, BPBEHIRE A BER)vE M, ST IR e R I AR, RS =
RERIEIN, SO0 RE B AT ZE S M IR B AR IR A, TR ML 4 2R A KB,
WE B B A S AR B2 1 gk T A1) R R A, LR R 7E Sk BE B 1B L T A 7T
DAIIHITE T RO K BT I 20T 70 38 Wt e e B iR O K B T R G SdhB 3£ [
FFAI 244 MR ERNL AR (Ser, S) , 277 MAFEM NARMR (His, H) ,
MRk 244 A EEBRNZHFEER (Thr, T) , 277 A NBEERR (Tyr, T) 5%
AR (Arg, R) RIHEMFULTE S TR SdhB HEHH) S244T AR H277T
(B H277R) SUEE AR, Hodh 277 f7 b #5248 5 HE S RiE — 50,

1.3 BEEREREERTAMN

1.3.1 BERIRERMR

Brooks Fe F-RIE T kAR TE S5 E il 2 Bk M D T B ) ) 2R N A I R
RIFIHBY . MassPIA N FLEEIRIENG B Colletotrichum fragarae (REERIAF)
C. dematium CBLLRIEH) « C. acutatum CORTEURIERE ) « C. gloeosporioides (JI§
FRIEED 55 4 M E w5 k. (B2 BAT SN2l C acutatum. C.
fragariae. C. gloeosporioides %5 3 Tl Ji b 51 2 T B AL RIEIRES, 1 C. dematium
MBI W IE A L RIMAZ, W] 5] LR RS 0T, H R 1 — I AR
B, SERTHA N R B R IR 1) C. gloeosporioides, SZbr b &—FE &5,



HIERE SR 5ER B A H C. gloeosporioides EEFh 5 #2HI, C. acutatum 5
SR RIS 75 T A Bl /158600 wes [ 5% Sk 1Y i T R A A R 0 B R 1)
63 MEMRIHTE IR, TS EMAEE RPES Y PCR %55, R R
JETERARER C gloeosporioides K, AR T BLAE 5 IR A2 R T
WIEE C. gloeosporioides™,

BT, BRRIEROEMN T N EENE, FHEFZERARAE.
P ] B RIS B ) A AR R ) e T ML DX, WA i AR AR . R IE R T LA
RAETERRAET LAY, Rl e AR B . Colletotrichum
spp. F RE F BRI S AN AR AL, MLAR4E2E. B R 5 ZF,
B S R AR ALt AR TR T HE, 7R RAE T EAE LT R EUEY R FIIE T
B, RIHWEEA — B R JAE, TOR RIS b, oIS B
NERIRRLKEREZ, IR, BT % 250 5 &R A
AR 5 TR i L B 2 03 A 3R B 5 M 2 TR AH R ), B I FE R AR T
HFHEEEDE L, fTFEER, FEMER, FEEWEE, EEMERNY
B, PAESERTRASERT . ERZETEENAR, GREARE RN B
FIBCARE 75 B LS,
1.3.2 EERERKALERE

B LR EAEF W, 2R AETR 28-32 °C, BT IR AN, 7-8
) e R SR IR R T 2008 1 AR o 38 O P 4 B R AR A TR L
g TERE T HIX, BRFE — L mhi A ah, s AR S — L 2T
B, RR A RE R P AN BTG TR, S B BT VA R R )RR AR AN K ER
1. BRI BT HATA : AR RP R ET, AP &R
AW, BIOIEE AR RINARIEREE, IR, fEEM . AR R
FREE. AR, AAREE . R REA B 00, R A (AL
RZ, REWETRE R, BUERM R 25 51EmE W E it 250
ARBEFNRAD, 7EREGAEEE N IR PTZ 1 bR AR W A B R R B A
HEZHWER MM, R, DREFRE . JEIRE AN s SEEC], Pavan SFRIE T
— BRI S SR T RAE R RIE ERNH, 12 RS AR R AR
ANTTHRARIEI R 2, 45 B PR 2 BRI 24 I B R 2 RTS8, AR 7= o T 2R 1
FESIEI PTG PR BE =B Va R, B AR D7 v B IR B 245 ik 4 b mT 5
2~3 PR BN R AR S 5B .
1.3.3 BEERERHE M
1.3.3.1 23R 5ok K 2 B 7 49 e

RKERWFHTERM S —, B RMEEEH, REGEPL. &
BRPAMEAT SR 02 (FRAC) X R g m MR 2K, [F282 0] 5



FEAERE HAGUHVE . 2R PR AR AL T 48 0 A R JE BN 2 R R R S, SR
X =4 TP BRI B AR i R SR 0F 0 Wiy X 11978 45 0 1 A, &
FE R AR B R AR T R BT Y, Sanders SR SRR, TETE SRR
HEAL I RS R B R b 7 A T X SR IR SR TR BT B, = bk
) B-tubulin ZEF 1) 198 £ GAG # & # )y GCG, HHLHEIIEE 200 £ TTC #;
Bl TACU, XUCABHL UL, T 2 W R AR 2K FE ke 28 % B A oK =
R, SEORIEE DU BRI, U2 R R JE B ke R A . BRI A
oF T A5 8] 285 7 JH 1R P 24 MR 5 2R B, T () B0 R] B o R DR RSSO B RN 2B
B KR A0 24 P A PR R B 24 M R AR 2 9 5D 26 200 LA TTC 58488 TAC,
SR 200 MR MWK ERR (Phe) B NEKER (Tyr) U3, X 5H7ANH X%
YRR B TE S-tubulin FERBEND T2 200 A7 K Az 5848 2 FHUG R I BRI R
BRI £ R B AR XUE B 2 PRI 45 R 2 — 38U .
1.3.3.2 3¢ & BF L A4 ] 7 49 Fube

DA | A WA BT 1 P 45 DA A P £ B2 i FR B4k 77 (DMID 4 I AE
g CL4-JHEEG (CytP450 ISR ARG o BIHIMmIZE f 68 0 o )44 (9 S A T FR 66
S o 22 A1 88 I 2 T B A R I ) B B2 20 4y, RHLAE 2 A S I AR A i, 0o A i s
B TEREME L GBI PR AN A B P M A 220G AR T . DML 2823 B SR AR K 2 Sk
A2 2% T 70 R e 2 1 RS IR 5% 2012 AR AU B, L4 i 46 AR JEL B
HoF TR PR P A T BRI A R 2013 SEFRIERR, LR 4R TR B T T
B AP IR S i, BRI BRI R, XBYEEIROE T = B A A
BRIELIF BT 3 P27 g S T It R S 0o 90 P BB, e AR MR RS B L D B T
TR A ARG 1D T A7)

C&RIE DMI ZEREFIEA =Fh BB L. 55— 252 140l FF &
g (CYP5I) BN LISRAZ, CYP5I BERTE 136 fLroRAE, RIZRA IR S &R
B (Y136F) SEUH &) H R = MREE gt = A U7 28 — 2R 140l AR 4
iy (CYPsD) HFERNITRIA . FEARHEEEFE IS 8 FRIAHE BB 3 F X 13EN KB BT
gk, WHkERE S, 65bp FAIRARARE B M ATY 5 =GR B
REFI AN HERE S8 n, EEAFHE ABC (ATP binding cassette) F1 MFS (major
facilitator superfamily) #MAEZRSE, SMEERE TG IR AR I far R SE R Rk - F+ BT
H, HAERSFEEENAGMR R TR, R BG 24P, XEPRK
B0 T R AR B PRI 24 1 T R R 38 R D,
1333 3P AL AHERESE (Qols) FHH a4t

T R 4EU B P M BR TR 2% T 700 JRORASE R B 0, o LB 24 1 XU PR B LA X 2R
RIS . PR BRI IR BN AP G A T g, BB
AR N . BT IE S g 1 KR BO-8 A HR TE R R A R BRI 2R % B 71 Mk
A1 T T 78 2650 R T PRI B0 280 B AR, A ) 281 X e R T v ) 2 R I R 11
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HoEB2, FEY95 R B 5T Qols ZRANHE A= A BT 2 M W LEE = B2 9 J5 i cyeb JEIA
DNA J5%1 Ff#) G143A. F129L #1 G137R SRR bk 5L Kk AE B R AR Bl 55 IR AR AL 3%
B G 5,

L4 EYRIEERZAERNEA

TEREP93 35 WV T A, 93 T B 1 1) SR RS R e 245 P T S AL 25 B v
HISCBRAD R, B V6 A i A 1) e B R BB o A i B e e
W TP G A2 o B A RIEAS 55 58, BT PERT M MR AE & 253 7R 4k L4
PRI S BR , WS 24700005 J5 1 R AR A RIAE F , SRAEIWT R T btk s bk,
BB A TR A T B
L4.1 REFITA LR ALY E

WP AT I 7, i 2 B M o B AR IR e, 2 JRTER
A1 2GR (R 7245 537, AR AN [R)IR FE 24 750500 1 22 A K 0 3 A P 4 5
TR RER, O3 22 KIEMX A FEVE . 2R RE R W 5 T 5k
F9R, MAARKBONGE. 55, WUHH] MR AN 5 R 45 SRk
AIEE, (HEA R R L, AN R T R A U, H R U
ArEEE, ANRRIE B SN U H
1.4.2 FRIEE REGA TR
1.42.1 RA& B4t X R & (Polymerase Chain Reaction, PCR)

RAlsE U N (PCR) LA ZETF PCR [H)— R 55 TR0 F BUZ 215099 )5
B S H U A b i F 7 2 AR SRR 2R K, B4 =% PCR 514
HEAT DNA 9738, ARYES =4 R AW H 470 B 3 DNA IAATE. 2 BTA 7 7R
TERHEFERIEFE (C. musae) ITS T3040, 1T LA E B 5RH WAk 473
382 bp [4FSFME T BB, ARIESERIRIAHE (C. gloeosporiodes) tDNA ] ITS 2 [F
WIHRE R T , ANEE NS RIE & H 438 th 232 bp B R PESCHr,  [RIBSAT LA
IR R B A I S A SR AR b, e S B S RIS /N 26 A 18T,
X FF A PCR Rl gy v, BHEF AT LA H DNA 781 (1) BT S48 i (R
FEERIE I, (%77 B SRR KPR, BUAR S . Siah ZHT/)
EFET T (Zymoseptoria tritici) cyth FER 143 17 fFRAF G143A, Wil T 45 PCR
19, A DMESRAR R B (Qols HLtE) H 1 H 302 bp M%7, BUBEMRY 1S H 639
bp HIZ&T, AT LURE SR PRI 43 M P AT GRS B RO, R B PCR o i Ak 7 & 1 B4 (B.
cinerea) FSERBEIRE (Venturia inaequlis) XFZA KM AR P HE
187881
1.422 % #&% ¥ PCR (Real-time Quantitative PCR Detecting System, gPCR)

W i PCR (qPCR) #Z4i PCR K Rifk R oin N5 e, Frid H B 58k
WEARF) 7N 2 Fl: TagMan 6 EREFFT SYBR 64k, R 7 6(5 5 RESL
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R 1 082/ PCR AR , 5 J 3885 b ohe ot 28 %o AR AR G3E AT 58 B 73 T (19 )7 5 . gPCR
RERHZIRY 1. A2 G A A SE A BoRRE & 7E 2, Aathl. REUE
. EEE. fRRtEEE. EE M. W E RS

H I qPCR HARFEM Y F 2 Wik bz A . FAE 1999 4, qPCR
ARE R TEYWHEEEE AN BifCEAMaikiE, BH qPCR HA R Ixt
5| T T B8 S S A PR R TR SR L2 AZ B HEAT T DU IR I AN a5k g 20, Filion 55
FF & H B SEI ¢ 3R ET qPCR SEI T A I X L3 rh ik f 2 S 80 (Fusarium
Fraaije 55 @ 3 7€ 590 € B PCRFH 35X /N 22 S50 o TR 55 1 T 0F FR 480 P4 0 TR
2 (Qols) RBF Gl43A Pk RAZHE KRS HEATRIIN,  Xof 275 B BT SR A D5 ZR e
AT F AR,
1423 A RAFHM EHFH (Allele Special Oligonutide, ASO) 484t

ASO & LR AZ 3Rt 6 CRIRAZ A IEAR, L PCR Al ASO M4 &,
Wit —B 20bp 72 A I SERZ R B, Hoih B8 T R AEFARHIFAL, LA AR,
5[ B 7RI ) PCR G A DNA 2238, RN CAEF A BUERE Sy Xt BE, ot B0
PR3, MR AR5 P A7 51% ASO TRETAHRL 1 15587, Wheeler Z5R %
Rhynchosporium secalis ¥ 0 R I HUE AR T B-tubulin FEH B35 198 AR A4 AT
KA (GAG—-GCG) , Wil T ASO %, HRHES R secalis HPR I DNA 1)
e EAE A ASO KA, Sk 4T 24 1 e BRUEe I B AR
1424 %454 % % &P (Single-Strand Conformation Polymorphism, SSCP) % #7

FEEM R 2 AT (SSCPOE A — PR B (Rl R AR 1) /735 i Orita 1 2632 H 0%,
LR 2 S5k DNA I R 2 52 S BULE R vk T % 2240 . DNA (1 —
WP HNRE RN, BIEE 2 R EE DNA, HM SRR, TER bk
FEANFEMITEER. Fit, SSCP MEAFIEE: HiRMAR R 51T PCR
P IAFE R DNA Fr B ARG, W 3G T B A, [REE 4%
(5 DNA; o, TEIRRMM SR PIIGEEIGER LT k. BT STy
WA IR 22 e, SRR BE DR b TR B DR A% RN A T A 40 T, R PR 1) 22 35 115 DU
FNHETE o Ishii 555 55K SSCP BRI TN HAZLBEZTE (V. nashicola) X7
TR R T 25 1Y
1.4.2.5 TR#IE R BKE % 5 HE &84 X5 & (RFLP-PCR)

PCR - RFLP &7E PCR (ZEah I, 0He 5 v BodkAr 0], anSREgUIfr sk A4
TRAR, AR YIE P BRI AT DL i B R R kAR I
Malandrakis %% RFLP-PCR X H [A]Bk#8 B B (Monilinia laxa) AL Gl
T 0T, Bede S MR ) K ok e 2K 4% E198A RABFLHF AP, Ziogas 4%
RFLP-PCR Fi A T IR & 15 (B. cinerea) % 28 H WK MES 25 T 7 HU I (R o6



1.5 FNAS&ES ¥ (Loop-Mediated Isothermal Amplification,
LAMP) #&ME A

M- SEIRPY 1 (Loop-mediated isothermal amplification, LAMP) J& T- 2000 4 Hi Notomi
LEUORKW . WAER— MR, 7 EEREE . RBUEN S BRI IR 3507 7E0T, %07
S SR A X AREE 41 300 bp WK 6 A EELRSF X3 (F3c, F2¢, Fle, Bl, B2, B3
XD R RIRT 4 %5190 SIPRI BT IZ AR TS RO 1G4k, FIP J2& RIS

CHH Fle 1 F2 XIS R, Horb F2 X5 H 5L F2e KIBE Ah; F3 & Bigshal, 58
FIBER F3c X EAh; BIP & NN 514 (i Ble A1 B2 XIS , HA B2 Xig5H
RIS B2e X3 H AR; B3 1EA FilEs 51915 H R B3e XA (B 1.1 .

Target Sequence

2 B }{5%] v
Target sequence (complementary strand)
4 FHEHE—

FIP (Forward Inner Primer)  EIP (Backward Inner Primer) F3 B
g 3 g ¥ 5’3’ 53’
1.1 LAMP 5| #7~ &
Figure 1.1 LAMP primer

B ARGERIL, R LAMP ¥ 38 859 360 2 &R 5149 (4
A IXIAE F2, F1Z A B2, Bl 2D , Al LU R SRR, 465 LAMP 1)
SRR, $R TR R R PR,
1.5.1 LAMP ¥ #3372

LAMP §" 385 FE LA LA B A BB B . B Sl 4RB B, 514 FIP R
F2 e 5R 38 v By b F2e 456, FHOARRRE Y 1, 2 )5 F3 5 F3c 454 51 a8
By 4%, [FRRE FIP 5l SHIF=90%8E 1, 7908 1 1 Flc 5 FI X &3f; 5l
¥) BIP H{¥) B2 5779086 1 11¥ B2e 454, 5l IR E K, BE)E B3 5 B3c 4
G H RS, BIA BIP 5| S EE 2. 7P EE 2 Wi Ble A1 BL, Fle
FIF1HERAT RN, MR s, Fle sl @i A 51 SANT PR B ats 0, (E0E
PR PR R BE 2RI M, IEFP= BN N — Y BUiS e . IR B, 51
FIP S51EMRCURZEIR LML A, DIXUEE P — SR B B, BRI o5 — 4k 8%,
H 3w A G, 51 R EEMBRIERR L —D FIP 5| 34 B mIsE, Wr=y¥ynr
YEN T —EHRIAREY, 514 BIP A1 FIP 523454, EHE UL Mg, 7=
WIRE K [ N RE KT I BE R FEAE R 4G . 7= R — R B FEAS R X
DNA, TEBERE k4R BRI & w07,
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1.5.2 LAMP 2 Sk %&

LAMP MK RA S — A EF: HEHT DNA KA (Bst DNA
polymerase) « KN ZE MK« ANTPs. Mg 2"\ LAMP %5 5145147 #{5¢0% (Betaine) «
BAFERFIF DNA Bk, LAMP IB&ESE (65CHA) W& TmE, Rl
BATY I N FLY AR, RS 30 min~60 min PYRESZIL 10°~10"0 £ (1)
Py,

1.5.3 LAMP AR A i

LAMP R RS PR H KBRS 7, HS5RMBHN Mg 244, ¥
B A BB IRBETE , IR BN AR R S MY R AR IE L C R, B AT
BUP R AFAE . D, W LAIE I IR Js MR A 75 T i 1 YR Sk SR W L 5 41
SEBAEAE

IR, FTTE S5 RER A IS 2 (A R Gk R & 25 7o), I8 I iR ) BE
WA, SRAIWT RN R . WA R FIAEE SR (Calcein) « HNB

GRELZEM WD 1 SYBR Green 1. M IER, 75 LAMP R H A SYBR
Greenl B # %4t 3 (Calcein) J&, WRSHY 7Y, RENAKRBIELLE, R
DGR B AN s 25 N HINB, BHE SN 25 R4 H 58 8 AR ple ok 1 4%, o HNB

(FREZEMHE) 1 SYBR Green 1 R BURFEMN &, REESERN 10 5100, M
PIgEE A A, YRR SR R E RN B (BIZ23F DNAD , %M
(B R R S 47 1 P AT F P B, £ B — R 9 R BRI FLvk 2% s
th, AR T DA FH B R A A L TSI S A, SRR AT

Mori 25058 7 R IUAE LAMP R M 4G 15-30 min Y, DNA (6 R 5 XM
PR RIS 2 1) RV IC R, T AR SRk R B0 (1 AR5 LAMP N EAT
SERE R NN, H AN ORI X — w7 T LAMP NS
SERFPREEA, ATSEELNT LAMP SN2 8 e 3%, JRATXT Gl DNA R 3k
17 BT
1.5.4 LAMP #8300 i) B2 F
1.5.4.1 LAMP 4 40

Hill 5, LK B malB 3 F 1 OR<F 751 4B R ¥ 1k LAMP 514 H DU
T PR K AT B 5 8 Pl A5 22 IS I 41 B A 6 5 22 O A 40 B A 0 45 SR 350 B 1,
PR HA BUFRRE RPN, Savan SE4E T LAMP %58 /K A48 1 7K 7755 5
B iR g EmAL IRE (Edwardsiella tarda) , RYEEIE MR IEF 7551 4 5]
Y, AT T IR e QR I I B R R 103,
1.5.4.2 LAMP #0575 %

H Thira %/ LAMP S T ANFRERT 6 BUF1 7 Bk 5, XA
LAMP %I SARS. AJUBREE . FIREeise . B0 2 55 VF 2 2T TR0



PERFFEIOH07], Notomi 48 NS0 LAMP S5 RiES (RT) MGG @ T g
RT-LAMP $iAR, i 5% 5 A SR G 78 7] — e B v k47 1108,
1.5.4.3 LAMP %At 4% R AE A L H M

LAMP £ AR7E B A M AU BT S AT B>, NEEHTREY, LAMP &
[ T B (A 1O, XA L Ype! SASEAR T 1 LAMP BLigeas: b
B, W AT AR B BT S0 B 1 A TSR A T R A BRSO [ Py
AR LAMP H A FARAR Y99 S5 o 1450, Bl K SR . ARG B s
\ %%fﬁ%““'m]o

TERE Y FE DUV A KBTS . DL thya B, R0 IR B P 2 AR
SR . LAMP PUB R B AR R T U=, 4 255140 6 MARIIIX Sk, 1T
] — A XA BEVCIE B TCVEIEAT , TR AR & A P 1 B 24 1 B o 57809 iR
FORGI, T EL R ILARE . DU, . BRI DL TR R E SN AR R AR
TR SE BRI, BT DASE S T R IR I sl R R IR, DA e o SR R
Ao 24 T JRURS: S R 19 B 25 B DU 0 24 T AL 6 TR AT T B A A 0 T R 2
GRS .

BAl, B AR RPiZivE, R LAMP R0 75 TH R0 A0 HR0E,
P BT UK SR LA/ N 22 7R B B 0] 22 B RITZ MRS R B FL67Y 19 Bo-tubulin
KARERR, i N THSE, Wi IRt m ol s 73T LAMP BoRMGER:
/N FRBE R 22 W R BT T ik /I DU B 0 2 1 R PR PR Y
E198A [ p-tubulin ZEDIA5EFR, it LAMP 514, #EAT XU Ik M2 R 1 71
W B9 LAMP BUsi I, ZEAG I 1491 DN BERREE S B, KA 614 1(41.18%)
FE 2 LAMP BEYE S, FIAE LTt AR L g5 S 58 e nl 70), HAf 50 AP
ZiVEAT L PR BRI B MR SR S Ok, A F AR R
L .

1.6 FsRERVFIE X

I8 %o B B R I PR B, RRIG TR TR, (R REAE T R SRR 1Y
%, fEEREAWINE, FEHRAIRIEE(C. gloeosporioides)s| A K IE
K ERTE (B. cinerea) 5| FE M FERE KB fe a4 7 B K F 2 H, HK
A BTS2 SN FR A M L ASOR, A SRS B I SR & 3 ) TR RVR 7 HE e, KX BE
BSOS A AN AT BRI . RIE AR B o 252, 5% 2 BRIk
AR 32 R B AR B TS R RO, gtk AE e, R H AW
PRAZ G IR mLe BRI, X IX AR EAT BRER o Aor I il T 05 S v B B 2 1 A
FHLHI R @B A RAR R R > FRMAER: BARERY Y
(Loop-mediated isothermal amplification, LAMPYRS I F AR , RSP 45 2 P 245 1
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Bis T DUZPEREAR IZN S MM HUbE RS VRASETT, S A P 265,
LGB IR AR S R 24750 (0 5 A B EAT BRI B SR =
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2 WNEEREFREIMATRMERET E198A EREEH
LAMP A RZBVEL SN

FRIFDKMEE R B A (BEN) 25— RGBT IR, b8 R
PIBGIN, PPk i = A e DO WO R, BT R AU R AT R Sz Il H
[, SR BN R G AT AR BE A DBE 2806 BaihE . KL, IRIsigive R R
IREWEFE DA BT

FEgi NPT i, 20 Jeil i 40 2R B B o) B Al R, SRS
iRk bREIR, ARIELTIN B 2 AR K I A S e R B AT . 1207
TG TAERA T, E B A B A 0 s, ASBRIA FI K B g | g 2113, 18,
FHTREME< B (polymerase chain reaction, PCR) 25— R 514> F il FEL,
R AR 171G 45 5 25 DR SR A W 0 24 1 R AR AR P e o FH 70, e W 35 A A ) AT
I R BB VKOS AR, A BRI SE I = I AT R

I F2EEY I (Loop-Mediated Isothermal Amplification, LAMP) , f2&—#
FAXTECHR  PRIE AL IR Y SR, AN 75 2R % I E AL, PR3 A T ) B
Ykil. BAT LAMP Al 4 A TRl LR Y5 IR 3, B4% Magnaporthe
oryzae"?, Erysiphe necator?™, Sclerotinia sclerotiorum™?V, #ilt, F#£F LAMP
R e AR B R B B8 X Ar FE R BRI B F167Y RAZFZAT X Z W R BH
PUVER) F200Y RAZFEPIARIN2151, 7 fif (R ST AROE R A K F5 E198A TEARTEDT
BEN IMEAE & £ FHUAL (94.7 %) ¥,

AERAF, HRT—A LAMP Kok £, DUPCE 7R B2 2K 5500 e

(B. cinerea) HUA IR N FI E198A 54844, AT LLHF LMK BRI .
2.1 MRIEE
2.1.1 AR AR

AT LAMP Kl p B PR KA BT (B. cinerea) TM-10 5% R FF R e
FAEFEUR, KEEHE (B. cinerea) CL-3 AW REFIN L B R it E ik,
{E B-tubulin (¥) 198 PIAFIEMZAE (Glu, GAG—GCG, Ala) , FfE#S. LAMP
For A4 B8 HRASEAR o P TR) B8 AR B il e ATV A S 06T J8 35 2 L UM T 4l
BN T R BUM TG X BT T AFEDSTT 2 i S i i as b,
KRB S, HT LAMP faill i) H (8] 38 00E o

LAMP £ &/ 5f): Bst DNA Polymerase Large Fragment (NEB). 10xThermopol
(NEB). FHZEOAIIEZEm T (HNB) (Sigma) . MgCl, 1 DL2000 Marker (£
TAYD

HHRZG7): 97 %H M R (Thiophanate-methyl) JR%, H#TLEU/RIEL
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THRAR M.

HAbik 7% : ALL-DNA-FAST-Out 2 (CETAY)) o FLTE DNA R
RRAAGE (EWAET, L) . FURiFEE SanPrep Column Plasmid mini-Preps it
Fl&E (LAY, B | SanPrep #:30 PCR P4tk ikl & (L LAY, HiE) .

{X#%: PCR ¥ 3444 (AB AFD , BRHBE RS (Tanon) , WLEIEIRKME

(FERELREARARD , fERIN#R.
2.1.2 51¥pikit

1 FHAE 28 51 W% 1+ 4K 4 Primer Explore V5 Chttp://primerexplorer.jp/e/v5) ,
DR ] R0 BT XS 2R SHE K 2R OR B FRIPLPE B AR CL-3 19 B-tubulin H:K (GeneBank:
FQ790278.1) &4 198 him RAKIFHIBMR, BitgI4 (B 3.1, FFAE 198
ALl NEETCIRES, AR R 6 B3I (R 3.1 o 5I1WH LA TAEARE
B I dd HoO W fi# G 73 %%, 4 CHRAF#% .

F3 F2
w7 CAACTCTCTCTGTCCATCAATTGGTTGAGAACTCTGACGAGACCTTCTGTATCGATAAC 59
7984 CAACTCTCTCTGTCCATCAATTGGTTGAGAACTCTGACGCGACCTTCTGTATCGATAAC 59
F1 B1
w7 GAGGCTCTTTACGATATTTGCATGAGAACCTTGAAGCTCAGCAACCCATCTTACGGAG 77
1984 GAGGCTCTTTACGATATTTGCATGAGAACCTTGAAGCTCAGCAACCCATCTTACGGAG 77
[N — —
wr ATCTTAACCACTTGGTTTCCGCCGTCATGTCCGGTGTTACCACCTGTCTCCGTTTCCCTGG 72
984 ATCTTAACCACTTGGTTTCCGCCGTCATGTCCGGTGTTACCACCTGTCTCCGTTTCCCTGG 72

wr  TCAACTTAACTCAGATCTCC 198 WT:  GAG
£1984 TCAACTTAACTCAGATCTCC 198 E19847 GCG

2.1 T Botrytis cinerea E198A FE7F R I RI B 1) B-tubulin FEF H[¥] LAMP 54111
LA ek s B D E A
Figure 2.1 Location of LAMP primers in the S-tubulin gene of Botrytis cinerea used to detect the
E198A mutant genotype. Bold lines indicate location of the primers

% 2.1 LAMP 5|40k
Table 2.1 Screening LAMP primer set

kB4 ke e 3t F5l
Primer name  Primer set Type Sequence (5°-3”)
BC-198-F3 Forward outer CAACTCTCTCTGTCCATCAA
BC-198-B3 Reverse outer GGAGATCTGAGTTAAGTTGACC
TCTCATGCAAATATCGTAAAGA T
BC-198-FIP1 S1 Forward inner CTCATGC 9 GAGCCTG
GTTGAGAACTCTGACGC
. TCTCATGCAAATATCGTAAAGAGCCTG
BC-198-FIP2 S2 Forward inner
GTTGAGAACTCTGACCC

BC-198-FIP3 S3 Forward inner TCTCATGCAAATATCGTAAAGAGCCTG
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GTTGAGAACTCTGACCCG
TCTCATGCAAATATCGTAAAGAGCCTG

BC-198-FIP4 S4 Forward inner
2.1.3 EHEA GTTGAGAACTCTGACTC
TCTCATGCAAATATCGTAAAGAGCCTG
El .
BC-198-FIP5 S5 Forward inner
DNA # GTTGAGAACTCTGACAC
K LZ3 . TCTCATGCAAATATCGTAAAGAGCCTG
BC-198-FIP6 S6 Forward inner
TM-10 A1 CI-3 GTTGAGAACTCTGAAGC
N7 AGCAA! ATCTTA AGAAAA
{E PDA LAk BC-198-BIP Reverse inner gAg(/iCA((:}(é(;GG(;A Tl ce
e 7d R, FIH
e . BCtubF Forward AGGTACCATGGATGCTGTCC
HL1# DNA P
BCtubR Reverse AAATGGCAGAGCATGTCAA

2 R A &
CEMIAET, i) #%EEUH 51T DNA $2HL.
2.1.4 5|¥iE

LAMP JRRMAR RN 25 ul, SHSHIKRIET KA Bst DNA R&EE (8
U-uL?) 1.0 uL+ 10 x Thermo Pol 2.5 pL. Mg* (25 mmol-L!) 16 uL. d NTP (10
mmol-L 1) 1 uL. FIP/BIP (20 umol-L') % 0.5 uL. F3/B3 (10 umol-L1) % 0.5
pL. BH3EHH (8 mol-L') 0.8 uL. HNB (3.75 mmol-L'") 1 uL. DNA % 0.5uL,
TEE A KN R 25 nLo LAMP R ZH14 65 'C, 60 min. LAMP J 3% 45 5
S, AT DB B AR AT K L R O PH Y Y . i E198A K A 1t
WAES LAMP ##7= Bon KIE (G, kB NBIRET, FRIRE S 9.
BURT B ARAE R LAMP § 3= Bon 86, Bk EIRE o w38, AE RRlRe
S ARAE, AN IR AR T S AT T — 20588 .. B =k E T, SN E
"=, FHE.
2.1.5 LAMP X Bifk & Hifi ik

LAMP % W4 rfifk, Bst DNA JEABRKE KRN 0.08/0.16/0.24/0.32
U-pL's Mg IR EIR KA 1.0/2.0/3.0/4.0/5.0/6.0/7.0/8.0 mM;  dNTP ¥’ B 4R ¥k v
4 0.4/0.6/0.8/1.0/1.2 mM; FIP/BIP iR EMK IR N 0.4/0.8/1.2/1.6/2.0 pM; F3/B3
WREAR RPN 0.1/0.2/0.3/0.4/0.5 uM; 0.2/0.4/0.6/0.8/1.0/1.2 mM; HH SEHsIK FE 4K Xk
N 0.2/0.4/0.6/0.8/1.0/1.2 mM.
2.1.6 LAMP LA EIRAL

N T A IR SR AT S RIS R], 1 e RBIEAE 59 °'C, 60 C, 61 C,
62 °C, 63°C, 64°C, 65°CHl 66 CHHUEIRAMTIRE 60 min. A5 EHERE
T#HATH AR E 15 min, 30 min, 45 min, 60 min, 90 min, 105 min 1 120 min,
DA R ot S S SEERT ), e 7 B T PR3 238 B vk R (7= 2 Bl TS, S T 28
1B, B FTE RRETE 80 “CHIHA 5 min. 1 EFTIR, LAMP Jz N 45 5T HNB
AR RN E , IR 1 Y SR R H kA
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2.1.7 LAMP RBUEFER PCR HLE

T HE LAMP FIE# PCR 2 18] (1) R &R, {8 FH 51 %) BCtubF #1 BCtubR(#&
2.1) , Ll CL-3 itk DNA Jyft, it PCR 738 B-tubulin 2EF FAEEEH 198
fi1#) 740 bp ] DNA B Bt. ¥ F2)FFEF N 94 CTAEYE 5 min, 94 ‘CAEE 30's,
55 CiB:k 30's, 72 ‘CHEfH 40s, 30 MEFS, #RJG 72 CLEM 5 min. PCR ™ 14H
A HAE 16 “C BB WD) pMD19 T-Simple #4A 41, 4L 3] Trans1-5a K32 A4
Mg (XA, bR, 37 CTHELK, KM REEEEEHEATHEE
Z 1 LB iR E =8 E THARF, 37 °C, 200 rpm % F 12 h, H San Prep Column
Plasmid mini-Preps Kit iX7fl& (B TAY), L) , KIEHAPNER, W7
YRS R pMD740, # pMD740 1ENBAR . ORI AR B B 1
A DAFHE R 2 ST D22,

copies | mL = 6.02x10% x K% (g / mL) /(DNA K x 660 ) Q.

A PATHE N LAMP 1 PCR R B V) o0 F AR, SR 0% B4 TR
SERRPERI A AT 1x107~1x10° 35 DIVE AR, B8R FH - LAMP e F s 3
PCR, 7E40 b il (1 fo £ S L 4H 43 R 246 A% A B £ 119 LAMP 5| 913347 LAMP
KU, &M PCR J@iT 3R 5]4 BCtubF F1 BCtubR ¥ 34
2.1.8 LAMP %5 51 Afa B 90

T PHE LAMP B AR bE, @i # 4T B AR BB R DNA, E198A
R (n=6) FIHAMZ B RPUIEFBARAEN DNA BRI IEASLIE H E198A
LAMP RS AHEGR RS, ARYE A0 T8 23 B ik (9 7 5 047 A PPl LAMP &l
2.1.9 LAMP i H [ & B il
2.1.9.1 ® i8] 3 5 Ak F R A e AR 69 4R X

MHTE ZXTHEL . #XT 2T, PUNTEET . PoNH PP,
PO TG 22 X FOZE 4T B T 6 MR i s -, SRAEFIN 78 NMEKER AR,
BT LAMP frille ST BEAE R BN R LT gm S, MHRERTEZE S
22 mg WasBfFHEDbERBEHL, IMABEH 50 uL All-DNA-Fast-Out

CETAY), i) 1102 mL PCREH, 7E 80 CIFHE 5-10 min J5, ¥ LG

B LAMP F6 AR -
2.1.9.2 LAMP #: |

FH CLEE 042 H ) B A LAMIP 51400 oA IR 20 43 L e 7 2% A BT B S FY) LAMP
A Z, SFHTACFRERAS 0 H RE S BAREEAT LAMP il
2.1.93 EpflEk

IR, K - I A SR S 3 e N RS, 7 el skgt s Hh, %) R LAMP
RS T AT I . 3L ATIRIE M 77, XX 78 AN KERAR ST 81
e FJGH/KSE T AR RREAT, SR FRFm, KB s
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2% KkEME E (3l 20 g, ZEKEAF 1000 mL KE G RERHD , JF1E 22°C
HH 6 h, LS WS, KEEN— TR ARG H B H B T
0.5 pg/mL FHHERM DR EHE MR TR (PDA: 200 g B8%, 20 ¢ i
EpE, 20g BAE, AMKERT 1000 mL, KEEHRMASH) L, 25 CH#3d,
R4 3 K117 T PDA RHI b & U5, {8 AL G 1 X 4 7R BV E VTS 2K
PRI R R0 1R R U . AN BRARVE AL R 3 d JE, TERFFRILA— AR KB A I
FEAEK -SRI Smm) , HEEEHE 0. 5. 20 F1 100 pg/mL 1) H E:6% 6
R PDA 5778k b, 7822 CRIEZMHF TR IAE, MMELAEKE. Bl
HHRAFRE T E N (S « RALHEIRE MIC <5 pg/mL; (LR) : 5 pg/mL<
MIC <20 pg/mL; (MR) : 20 pg/mL<MIC <100 pg/ mL; (HR) : MIC > 100
ug/ mLU,
2.1.94 REZRA K ERE p-tubulin 18 &9 5 3 iz

XA [ R IAL I K 800 B 35 57 7 d J5$2H DNA, 1§ A 514 BCtubF 1 BCtubR
BEAT PCR 738, IS f-tubulin LRSS 198 FIES 200 N1 TH) DNA
FrBl. RBifKZEA 50 pL: 25 pL 2xPCR Master, 0.4 pM 5|#] BC-cytb-F Al
30s, 55°C30s#72°C40s, 35 MEH, HF 72 CLEMH 5 min. T EER HLK
ST PCR =4, /=4t Bk 4ifk [FUS  (SanPrep #:30 PCR P 44i4kik
M, ETAY, Bl % RgETAYNT, WFEREd Blast thxtfE, A
Seqbuilder AT 5317 -

22 BR5GH

2.2.1 LAMP ¥ 2454

M 6 & LAMP 3|¥h i3] 2 & LAMP 314 (S2 #1S5) , (UK E KA
Re It =, Bt N, SR REELR ik B ERRIR A (F22a)
TG E198A WkkA R R UEY 1, LAMP S R o, BUIRBEBER f
RS RER AT (B 2.2b) o BENLBKIESIY S2 HET N 2555 .

S E198A| S E198A| S E198A| S E198A| S E198A | S E198A

| = { e [A1): 205 —




2.2 LAMP R L5 Wik, S [ B & A %) 2 T R BURR I 422 DNA B, R 1, 3,5, 7,
9, 11; E198A R SIE &4 E198A JEPN RRE bk DNA FEdh, B 2,4,6,8, 10, 12. a:
LAMP [ B Pt ik . b: LAMP SRy T 404 HNB (2 4 18], 20 6 ARG A P L
Figure 2.2 Deter mining six sets (S1-S6) of loop-mediated isothermal amplification (LAMP)
primers. Label 1, 3, 5,7, 9, 11: the template DNA was extracted from the carbendazim sensitive
strain (S). Label 2, 4, 6, 8, 10, 12: the template DNA was extracted from the isolates of Botrytis
cinerea with the E198A mutation (E198A). a: LAMP product detected on 1% agarose gel
electrophoresis. Lane M represented the DL2000 DNA marker. b: HNB-based visual changes in
colors. The positive samples were pointed out by red arrows

2.2.2 Bst DNA RABER4L
N T G A ERE LI LAMP SN SR A BRIR AL, T ik H DARARAS:
TR AS ik s B PO A H AR &R . il 2.3 FizR, Bst DNA R A EREALAG AT
FHIIR RS RE FY ey 1 257, (BYERRIRIE N 0.08 U-pL ' N, EfFey 1
Bk, (EEEALIFAEE, 4 Bst DNA AR E KT 0.08 U-ul ' i,
REBEARI Y, HRBETE AR NRIEE. WA R T Bst DNA R4
HIBAR R LIRE AN 0.16 U uL, BPFE 25 uL LAMP KiUf& & A 0.5 uL ) Bst
DNA B4 (8 U-uL") &3 kAT e D B i
a 1 2 3 4

& ok dm g iy wian

[€] 2.3 Bst DNA B EFE 1L, a: Bst DNA BABKEMALN HNB & EALE: b: Bst
DNA A BEMR AL B IR 5 B i fL 3k . M: DNA marker, 1. 0.08U-uL"; 2. 0.16U-pL"! ; 3.

0.24U-uL"; 4.0.32 U-uL!
Figure 2.3 Optimization of Bst DNA polymerase concentration. a: Assessment based on HNB

visualization of color change of the LAMP products. b: Assessment based on gel electrophoresis
analysis of the LAMP products. M:DNA marker. 1. 0.08U-uL"; 2. 0.16U-uL"; 3. 0.24U-uL"; 4.
0.32 U-pL!
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2.2.3 ANTPs IR E LML
dANTPs KEE/NT 0.8mM B, RMNEBIEAMAREE, mBikERERE
LAMP FfiTE465 . 24 ANTPs WEH 1.0 mM I, N EEIOALR S, HxM

ARG R, §cemm (B24) , FrLh 1.0 mM &2 dNTPs 5 R
1 R

Pl 2.4 ANTPs W EZIHEAL. a: INTPs WEEILAL I HNB 2 578 {0 15]; b: INTPs <2 HAL ¥ 350l
BEBER FL K 1. M: DL2000 DNA marker; 1: 0.4 mM; 2: 0.6mM; 3: 0.8 mM; 4: 1.0 mM; 5:
1.2mM
Figure 2.4 Optimization of dNTPs concentration. a: Assessment based on HNB visualization of
color change of the LAMP products; b: Assessment based on gel electrophoresis analysis of the
LAMP products. M: DL2000 DNA marker; 1: 0.4 mM; 2: 0.6mM; 3: 0.8 mM; 4: 1.0 mM; 5:
1.2mM

2.2.4 SR ERRAL

X S SR 2 DO 4 SR B SEAT AL, 45 AR B F3/B3 [IKEXT LAMP %
iR A B R SN, R 0.1~0.5 pmol- L B, LAMP Jx Ri¥ReEIT,
% F3/B3 ¥KkEE 0.3 pmol L #HTJ54: LAMP #7# (K 2.5ab) o XT A3, %4

FIP/BIP ¥#KJE N 1.6 umol- L™ B, #3880 i, RV , fR
ARG NRIED (B25cd) .

T

2.5 SIVIREERIRAL. a: F3/B3 IR ALK HNB 2 (AR (L] b: F3/B3 W EEHLAL A 5IENE
BB IR, 1: 0.1 puM; 2: 0.2 uM; 3: 0.3 uM; 4: 0.4 mM; 5: 0.5 mM; M:DL2000 DNA marker; c:
FIP/BIP WK% fALfY) HNB ARG d: FIP/BIP R % AL B IR B r vk L, 1: 0.4 pM;

2:0.8 uM; 3: 1.2 uM; 4: 1.6 uM; 5: 2.0 uM; M:DL2000 DNA marker
Figure 2.5 Optimization of primer concentrations. a: The evaluation of F3/B3 concentrations in
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accordance with HNB color changes of the LAMP reaction; b: The evaluation of F3/B3
concentrations in accordance with gel electrophoresis analysis, label 1: 0.1 uM; 2: 0.2 uM; 3: 0.3
uM; 4: 0.4 mM; 5: 0.5 mM. c: The evaluation of FIP/BIP concentrations in accordance with HNB
color changes of the LAMP reaction. d: The evaluation of FIP/BIP concentrations in accordance
with gel electrophoresis analysis, label 1: 0.4 pM; 2: 0.8 uM; 3: 1.2 uM; 4: 1.6 uM; 5: 2.0 pM;
Lane M represents the DL2000 DNA molecular weight markers

2.2.5 SRR BRI
Xof T B SR S [ e 45 SRR, BRI E /T 0.6 mol L N, S R AE B

EARRRR OO E, KEKT 0.6mol- L' 5T HNB B AR &,

PR, BT AR SR 0.6 mol- L & 3 HF LAMP Jx ST (M S AR FE (] 2.6) .
1 2 3 4 5 6 b

a
h&t-‘.—i‘ 28080 R 0 z0000p

I AR R AR R
B2.6 FHCIIRE AL, a: #ESEHIRELLEY HNB RO, b G B AL 35
A H A AR FL 7K B, M: DNA marker; 1.0.2 mol-L™'; 2.0.4mol-L™'; 3.0.6mol-L"'; 4.0.8mol-L";

5.1.0mol-L"; 5.1.2mol-L"!
Figure 2.6 Optimization of betaine concentrations. a: Assessment based on HNB visualization of

color change of the LAMP products; b: Assessment based on gel electrophoresis analysis of the
LAMP products, M:DNA marker; 1: 0.2 mol-L"'; 2: 0.4mol-L™; 3: 0.6mol-L"!; 4: 0.8mol-L!; 5:
1.0mol-L"; 6: 1.2mol-L™!

2.2.6 Mg> IR B HI AL

HNB /& Mg HJFa7R 71, LAMP B FEH =25 1) P04 2 fll Mg> 25 & 7=k
UUGE, W pH ERAEGAE, HNB BRI G HK . %E T — /5 Mg2hik
B, SEREW, 14 Mg WE/NT 3.0 mmol LB, F G RBIAGEIAT, MIKE K
T 6.0 mmol-L™' i, ¥ IR, iR IHIR BT T Mg? K E R
4.0 mmol- L' B, RFEBEABMHE, FI%ERs (H2.7D




2.7 MgZ IR EZ L AL. a: LAMP M i EEIL AL ) HNB & (22 (L8], b: LAMP M2 i AL iL
TR B g e i HeL 3k I, M: DNA marker ;1: 1.0 mmol-L™'; 2: 2.0 mmol-L™'; 3: 3.0 mmol-L; 4:
4.0 mmol-L"; 5: 5.0 mmol-L"; 6: 6.0 mmol-L'; 7: 7.0 mmol-L"; 8: 8.0 mmol-L"!

Figure 2.7 Optimization of Mg?* concentrations. a: Assessment based on HNB visualization of
color change of the LAMP products; b: Assessment based on gelelectrophoresis analysis of the
LAMP products; M. DNA marker ;1: 1.0 mmol-L"'; 2: 2.0 mmol-L"; 3: 3.0 mmol-L"'; 4: 4.0
mmol-L'; 5: 5.0 mmol-L"; 6: 6.0 mmol-L"'; 7: 7.0 mmol-L"'; 8: 8.0 mmol-L"!

2.2.7 B ERHE

2ot Bk LAMP AR KIPLAL, iR AU il S R 7058 F BRI SR TR

7 E198A F: [ 4 B 25 IR R B B LAMP A& R 2043 3R 2.2 o

# 22 LAMP 1k £
Table 2.2 LAMP component

Hor GRED 303 3 &R
Component (concentration) Final concentration Volume (pL) per 25 pLreaction
Bst DNA (8 U-uL") 0.16 U-pL-! 0.5
10xThermo Pol 2.5
Mg?*(25mM) 4 mM 4
dNTP(10mM) 1 mM 2.5
FIP/BIP(20uM) 1.6 uM 2
F3/B3(10puM) 0.3 uM 0.75
betine(5M) 0.6 M 3
HNB (3.75mM) 150 uM 1
Sample DNA 100 ng-uL! 1
ddH,O 525

2.2.8 Bt LAMP X &4

SN FEAFRAGTE LR AL 5 1 S R A R N IEAT, 0 T BTl B — RAEE
WhEE, S5RKW, RAAETE 62 CZE 65 CHIZM R T (B 28) , 7F 64 CIRE
AN, NP BRCR T, B AL R, $hik 64 C N LAMP RNIEE . 7F 64 C
AT, BB — RSB E, 4R HEAT 60 min i RIFT I S B 5 1 58

BOR, RNEBEOACIE, 75 (2.9




K 2.9 JKEFE E198A M LAMP fill e B FERI AL, a: LAMP J S FZ AL i) HNB
2O, b LAMP S FE LA SRS Bk 181, M: DL2000 DNA marker
Figure 2.9 Optimization reaction temperature of the loop-mediated isothermal amplification
(LAMP) for detection of the E198 A mutant genotype of Botrytis cinerea. a: HNB-based visual
changes in colors from violet to sky blue. b: LAMP product detected on 1% agarose gel
electrophoresis, Lane M represented the DL2000 DNA marker

2,10 KB E198A RAZTH LAMP 5l S B [P AE. a: LAMP 2 B2 [l 44 i) HNB
WAL, b LAMP SRR [R] A R SE R HL VK 181, M: DL2000 DNA marker
Figure 2.10 Optimization reaction time of the loop-mediated isothermal amplification (LAMP) for
detection of the E198 A mutant genotype of Botrytis cinerea. a: HNB color changes in the LAMP
reaction from violet to blue; b: LAMP product detected on 1% agarose gel electrophoresis, Lane
M represented the DL2000 DNA marker

2.2.9 LAMP R

DLEEZH TR pMD740 SRR, 10 R5E6ERRE FH T LAMP R PR 1F0 58 5
I PCR #HT L. 25T HNB BUEAAL A FLik AR B LAMP A (104G
TUBR 9 100 5 D1 (] 2.11 ab) o 2R, B VK~ PCR HIZ5 S n] DLkl 2] 1000
POl (B 2.11¢) - G5REW, S5HM PCR AL, LAMP Jll%E )RR 10 5.

A > & 3
s & 8§ § & §& 9§ 8
N N & N N 3 N




211 MK IR B E198A ZE[FIAY LAMP REE. HEALF K pMD740 JusaR o H% N4 545
SERIEE A IH, pMD740 576 B A5 /K Hi % 8 E198A 2R4F ] 740bpDNA fi B, M: DL2000 DNA
maker, 7E(a), (b)Fl(c)H pMD740 BEHE 7378 1x107, 1x106, 1x10°, 13104, 1103, 1x102,
1x10', 1x10° 4% I
Figure 2.11 Sensitivity of LAMP to detect the E198A genotype of Botrytis cinerea compared with
conventional PCR. The template contained recombinant plasmid whose copies is as same as the
indicated number, pMD740, which contained the 740bp DNA fragment with the B. cinerea E198A
mutation, Lane M represented the DL2000 DNA marker. A serial dilutions of DNA templates
containing 1x107, 1x10°, 1x10°%, 1x10% 1x10°, 1x102, 1x10', 1x10° copies in (a), (b) and (c)

2.2.10 LAMP A0 v

LAMP AR 6 A CLEN R B i E198A SRASK S HLAME ) S, ST Hidt
SRAR Y BT AE A B AR i U 25 A 00 5 8 PH R S L (P 2.12) o R[] E198A
LAMP W& B A RUFIRE R, HEM I FIAR 1

a 1 2 3 4 5 6 7 8 9 10 11

g

yYVYVYVYVYYYVYYY

CK 5 pg/ml 100pg/mi

2.12 LAMP JUl5E (R e R MERAPE. a: T HNB BB AL T LAMP F=4718, 1-6: E198A
BRI B KA %7 DNA BEAR, 7-11: 435152 E198V, E198K, F200Y, BF4- 7 K Hi % ftd DNA 47
1 ddH0; b [X 43 71 By s g6 45 1
Figure 2.12 Specificity and accuracy of the developed LAMP assay to detect different isolates of
Botrytis cinerea. a: HNB color changes in the LAMP reaction, Label 1 to 6: E198A, Label 7 to 11:
E198V, E198K, F200Y, wild-type, ddH2O; b: Detection of field samples by distinguishing dosage
Method
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2.2.11 LAMP 7£ 1.5h A fal H [A) B8 K 25 9 B B 1

5 F LAMP 52 FX 43 7R T30 AT 7S AN AS [ HE AT ISR 1 78 AN IR B
FiAEH RIS, A All-DNA-Fast-Out 4035 FPRHEEW (& DNA ¥#E 100~150
ng/pl) B4 M T LAMP W&, fEm R MR R T, 64 ‘C R 1 he E198A-LAMP
Krgh R, SLAGI R 45 ANFHEERE S X FE A PCR FRI45 R ER,
78 MES R 53 AN AR B R S P Ak, HoPAdE 45 £k E198A Al 8 Bk E198V
FERBRETR R, PUIETIZ 68%; 25 MU L, SMZH 32% (Kt 1, MHE 1.
SEREW, SXOAEEMEL, AR LAMP IR DASIH ATE E198A
N R B B AE dh, HEAT 100% RIS (3% 2.3) . B2, AW FL R #ESL1) LAMP
DU AT LU S A A [ b i SR AR B K B T E198A FE R 2 58 {4k

2.3 A INAS R M DX B RE A T

Table 2.3 Detecting Botrytis cinerea from different geographical origins

198 KL A H R KK &=
RAEH HEREE LAMP XZFI&k Number of different mutation
Origin Number of genotypes
samples ik Rt E198A EI198V E198K F200Y
Positive Positive*

PTG R 14 7 7 7 0 0 0
ST 2 1 12 8 11 8 3 0 0
B T 2 11 6 6 6 0 0 0
BT P X 10 5 7 5 2 0 0
BT I 22 X 21 10 14 10 4 0 0
AT BT 10 9 9 9 0 0 0
Bt 78 45 53 45 8 0 0

*X M MIC > 100 pg/mL

2.3 Wit

FE R — i P 24 1 XU B AA, 7EHNES R R o, KRB i X R H 7
FOE7R AT B ﬁ&m,~ﬂr%&m,%@ﬂ$%ﬁhﬁmﬂ

Zhang 25 AWEFEUSISE R, 7R VTRV Z5 4 i 5 A A IR = B S E B i
W, KEETA BN 22 B R FH R A B R AR PR I IR M 2K R B R o e A T
TEIHATIS MAEr J8], AHERE DR E, 25N 62.5%, 71.7%, 77.5%F
80.9%; or P IR 7 HL B 1R A 5 0 T 0T 2R I DR AN 2 B Jg 1) KB e R P R
J&; [FRREI R =MPiER%, BenR1, Ben R2 Fl—FHifithR M Ben R3. &
WEFTHT, L A4S AN [ 77 X 1) B2 A R T B ) PR Bt R R 77 A s /K P e A R
CLEIE 68%, HHKH/ 8 Ben R1 BBk, I B-tubulin ZE[F L 198 A1 %505 F
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GAG R4 GCG (E198A) , X ZRIFBRMES i [FI i o £ 85 Usts I BRI
2|0 & Ben R3 BBk, RKILN 198 A% 15 F H GAG RN GTG (E198V) ,
X CEBEE, X5 Zhang S AL R —E (AEAR T 5T EA KN E] Ben
R2 & (TTC—TAC, F200Y) K&Kk, EIXT 25 B R IMPUHE R XE 251 7K
B BRI AR I 3 o AR 70 R I K W 2% T 7 T B I TR b gD
i, HiEEM 2 W R CBER .

TEI73 B B DU 2 AR X 5750 9 A A 3 T T o 3% T AR P 1)
TR0 1250 (H R AN IE R R A R RS o T T R A T ik
Real-time PCRI®!, AN T E 4 3] 5 h K 5103 & AR IR E AR A &,
FR 1 T HAE S A SIRAI S  FEARFHF T, it LAMP Al K 555 B E198A
RARR . X TAERTALEE, 7E 10 min M1 All-DNA-Fast-Out #2530 DNA, BT
{4 DNA $2BOE R I E .0, REVERIEDIEE, WA TR BB I E, 9%
ARES RIS S, IRBIHOEAS I AT B BT AW, 1% LAMP Il AT AZE 1.5
h P5ER, H A T EERMAES, RULAHE S 4L 7 —Fhar LR H (R A5 SR Ak
R RIS U LT PR R A, AR TR B IR BT LAMP AR 28993 B L2 PR
o

WEZMAKINKERE E198A RARKILENS BEN mHtMe# w s, &
Bk R EORTETN 25 Bk, H 84.9% i B A B 5K E198A (GAG—GCG)
IE#Z BT Elad W RUSETFRAAN, K5 E198A ZRAF(RLEHT BEN HIE#EH 51 S
WAL (94.7%) , XA[REMRRE T E198A MM SAe /1. Rk, M9 E198A Wi
AL PIME B R SRR A R WS R . 5 PCR AHLL, A5+ LAMP #01 R
BUSIRE T 10 54 . BeAh, % LAMP &l ] LS h Hoks 26 2297 B F ) E198A
S 5 B ME B AR A LA 2R 2R R (E198V, E198K 1 F200Y) X471k, IR
H 100% [F R M.

LR R, AREHFARES T ME B LAMP &5, WA T I
KK 5 B E198A A7, QARAZIRIZIUS 2, wI7E 1.5 h WA LS8 i 2 ke
DU o ZEAR8 I AT P T S 000 R S R R AR B M R R, e R E A R AL R
F0E. ABFFHEN, Kk LAMP AT BE) 32 N T-HE 408 S5 B (A U, g0t o5
AR B
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3 RV ATHEEE X EREXS Qol XRFFIMMIE LR

RSN IRIE R A ET (Qols) 2&—F ki AE REEHNRAPIE R
(strobilurinA) FIPFIANHIF, HEA) WM. Qol ZKAHAE S5 KRR
b 254, BRI THMREE b f ol ZEFIH TR — ORI, BB cprb 2 143
LT E I AURAR 2 S B Y0 R LR X Qols F= AR Pt i) F T JFE FI-4, 53
4N, B. cinerea Witk cytb 3£ R _E4 4 Bebi-143 / 144 W& FRIMOR R 5 KA R73E,
%F Qols F2A UM 1) R AP B RIS,

WAL BTIR , 5 G ARAG I m M 0 3% T R i 240 44 140 7 90 IX 4 7 R e /)
IR L (MIC) |, 2 fEBEE B IR A AN, D9 T sEIped i, R4
FERY I (LAMP) & H i R AR B ZEF B —, ERRR M Rk
PUHE T IR U8, fEARRF T, AL T TR K B B Qol SR
FUBTHEREAR R LAMP AR R, DL REASINS7H BCbild3 / 144 & 1 BFMRPTUXARE 1)
IR LAMP ISE, LAk B9k A1 WS I 2K 25995 B Fh B Qols Hit: B btk AU
KRB 1.

3.1 MRFE*E
3.1.1 X ER A5

Ky LAMP 14 Z J JH B 6k - Hikk ANB13-07 K cyrb FERIFESS 143 ALAIES 144
R Y12 (84N T 1205 bp [f] Bebi-143/144 &1, % Qol ZRAH UK,
¥k TMB15-06 [f] cyth LK 25 143 A7J5 T Bebi-143/144 W& TA74E, H 143 16
MRARA, F Qol 27 FIHUE. LABI2-06 [ cyth ZEH 5 143 MG A S W&
T, 1H 143 (007K A SRR G143A (GGT—-GCT) , %f Qol KA M=
FENZG . B[R AR IR B RE e A03E 2 B5E 2.1.1 FTPTR.

F 5 LAMP {4 2 BT i R AR sl 2 F5 58 2.1.1 T FTid.

HHRZH57: 96 % MEE S (Azoxystrobin) J5Z4, HYLVGIEFAAEMIL T HRA
AR AL,
3.1.2 #93E LAMP A ZH 15K DNA AI$ZEL

M PDA FERAIREFRIN KT W 4, FEMERIEZ (L4 2mg) MEEH
50uL AlIl-DNA-Fast-out (ZE TA4%), ) [ 0.2 mL fERLOE F, EKIH
80 Chn#k 5 min. ¥ 2K LIEWAE N DNA B LLTF R LAMP #&30. @it 7
S FE T SR B ISR R B, 3 F A R KM e
3.1.3 LAMP 5|#IR0i& i 5k

TR T WE LAMP R IEAR . 58 AN QoI 287 FU w71 B i FE 47t
PRI G143A AR LAMP #7 A G143A-LAMP, #f] Primer explorer
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V5 LA, FET cprb ZEN 143 MBS T (G143A) I A9 A BT Al
fic i 8 & G143A-LAMP 51¥, N T el G143A RAIEM S BURE KX 0, 7
FIP () 573 5 NAEECASAE , Sk T4 5 P A U S e 45 19 LAMP 514, LAT#k
WAL, BAh, N TR SR T BCbild3 / 144 N FIAELE, R

#E AT 1205 bp DNA FH1¥ i 5 —41 LAMP 514 H T4 e i &1,

B

9 BCbil43 / 144-LAMP. {E R LAMP 519055 WK 3.1 A% 3.1 fis.

wr Ger
Graaa GCT
G143A-F3 G143A.F2

W TTTGTATTTTGTATGTTCTGCCCTACGGGCAAATGTCACTGTGAGGTGCTACA
G434 TTTGTATTTIGTATGTTCTGCCCTACGGOCAAATGTCACTGTGAGCTGCTACA
G143A G143A-B1

WT  GTTATTACAAATCTTATGAGTGCTGTACCATGAATTGGACAAGATATTGTTGA
G144 GTTATTACAAATCTTATGAGTGOTGTACCATGAATTGGACAAGATATTGTTGA

WT  GTCAAACAACACAAATATATATTTAACAACAGATTGTTTAACGATGCTACCTCT
G434 GTCAAACAACACAAATATATATTTAACAACAGATTGTTTAACGATGCTACCTCT

WI AGACAATAATGAATATCTTTCTATACCATCATCTTTTATAGCTTTTTTTGTAGGT

G1434 AGACAATAATGAATATCTTTCTATACCATCATCTTTTATAGCTTTTTTTGTAGGT
t 3143A-83

WT  ATGGTGGATGGAGATGGTTATATTCAAATAACCAGAACATCTAAAGGATTTAT

61434 ATGGTGGATGCAGATGGTTATATTCAAATAACCAGAACATCTAAAGGATTTAT

Sy BCbi143/142.F3

TTTTTT CCTAATCAAATGGCTAAACGTATTCCAGCTTTTAAACGA
BCbi143/144.
ATAGGACCGCATCATCAAGATGTATTAAGTGTTATTTATGGTTCACTC

F1 BCbi143/144-81
TTAGGTGATTCTCACGCTGAGTACCGATTACATGGAAACGGAACTCG

BChI1431144-F2

GCTACAATTTCACCAAGAAGCTAGTCATAAAGAATATCTATTGTGACT
BChi143/144-82 BCbi143/144-83

GCATGACTTTTTCTTATCCCATGGTTACTGTACGCCAACCATACCTAG

AATTAAAACACGCCAACCATACCTAGAATTAAACACGTTTAGCAGAA
“ihia

AACG

Bl 3.1 KB A2 (3 b JE R LAMP SIYRALE. a0 FTAGI G143A SRARRFE R Y
LAMP 314; b: JHF I cytb JE K (1) BCbil43/144 ] & 119 LAMP 514, & o2 R 5%
RO ALE
Figure 4.1 Location of LAMP primers in cytochrome b gene of Botrytis cinerea. a: LAMP primers
used to detect G143 A mutant genotype; b: LAMP primers used to detect BCbil43/144 intron of
cytb gene. Bold lines and shadows indicate primer location

% 3.1 LAMP 5|40k
Table 3.1 Screening LAMP primer set

Eik/ B S 5144 R 2]l
Primer name  Primer set Type Sequence (5°-3°)
G143A-F3 Forward outer TGTATGTTCTGCCCTACG
G143A-B3 Reverse outer CCTTTAGATGTTCTGG
. GTCCAATTCATGGTACAGCACGGCAAA
G143A-FIP1 S1 Forward inner
TGTCACTGTGAGCT
. GTCCAATTCATGGTACAGCACGGCAAA
G143A-FIP2 S2 Forward inner
TGTCACTGTGATC
. GTCCAATTCATGGTACAGCACGGCAAA
G143A-FIP3 S3 Forward inner
TGTCACTGTGACC
. GTCCAATTCATGGTACAGCACGGCAAA
G143A-FIP4 S4 Forward inner
TGTCACTGTGAAC
. GTCCAATTCATGGTACAGCACGGCAAA
G143A-FIPS S5 Forward inner
TGTCACTGTGATCA
. GTCCAATTCATGGTACAGCACGGCAAA
G143A-FIP6 S6 Forward inner
TGTCACTGTGATCC
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GTCCAATTCATGGTACAGCACGGCAAA

G143A-FIP7 S7 Forward inner
TGTCACTGTGTTC
TCCAATTCATGGTACAGCA AAA
G143A-FIP8 S8 Forward inner gree CATGGTACAGCACGGC
TGTCACTGTGGTC
GATATTGTTGAGTCAAACAACCCATCT
G143A-BIP Reverse inner ¢
CCATCCACCATACC
BCbil43/144-F3 Forward outer CCTAATCAAATGGCTAAACGTATT
BCbil43/144-B3 Forward outer CGTACAGTAACCATGGGATA
S9 TGAGAATCACCTAA!
BCbil43/144-FIP Forward inner GAG CACC GAGTGAACCATGC
TTTTAAACGAATAGGACCG
ATTACATGGAAA AACTCAAAA
BCbil43/144-BIP Reverse inner cce CATGG CGGAACTC
GTCATGCAGTCACAAT

3.1.4 LAMP R MR FR

LAMP H5ill 2 RPAE 25 pL AR R AT, KRB EHSIE 2 5558 2.2.7 75,
% 22 firid: 8U Bst DNA %4, 2.5 uL 10xThermoPol ZZ7#3, 1 mM dNTPs,
5 mM Mg?", 1.6 uM FIP A1 BIP, 0.3 uM F3 £1 B3, 0.6 M &2, 150 uM $53E
ZEWY % (HNB, 48 5 F# =7 1 1 uL DNA 5 (DNA jfiid All-DNA-Fast-Out
PRI, WREEN 100 ng/ul) , HTGZERIKEME 2 25 uL. £ G143A-LAMP
MEF, KM G143A TAFIEFE R (LABI2-06) IREUK DNA £ 5 FI1E B itk ke
mh, R 143 AL TMB15-06 JBAHEXT R, ToAZ B /K N AR B iR
F BCbil43 / 144-LAMP Jll5E, {8 E#k ANB13-07 {/E AP HERE S, I8 H TMB
15-06 {E MBS . B~ LAMP R NI7E 61 CHEE 60 min, 3 80 ‘Chn#k 5
min. RGBT RFE HNB PGB EAR (L AR EBBIREE) 3474
Wr, FEIT 1 Y%l e B ik it —PArsL. S HEETED =K, LhES
=k, FREL
3.1.5 LAMP & R &4 RIHE

LAMP J 3758 B Jm » 78 H 6T N F R IR AL 42 s MR &40 B HNB (AR 4L .
FFRAPESE R, WERF A ONB FIRTE G, FHEss AR R R AR, af
I 1 %I NEREREE Ik — M ISP (5 b, BHPEZE R B B
LAMP BEAR 26T, BT R BB 2515 o R T e S IR BB AT 254, e — &
HIMEIRBEEE, 235 4: 59.0 C, 60.0 °C, 61.0 °C, 62.0 °C, 63.0 °C, 64.0 'C, 65.0 C,
66.0 'C, LA ftE R RIS, B8 J5 TE M tE IR AL FE T 43 53647 15 min, 30 min,
40 min, 50 min, 60 min, 70 min, 80 min A1 90 min LB E ] LAMP 6 Il %46 I
B[] .
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3.1.6 LAMP #&i R 80
76 PDA FAEFRIIKERE, PHRIAR %, H ALL-DNA-Fast-Out 21X
DNA. 10 f58 B FES I DNA, HE LAMP RBUE MM . DNA BiR
[ Fc I FE 43 )4 100, 100107, 100x1072, 100x1073, 100x10#, 100x107, 100x10°
ng/uL, dd HO 975 5% . LAMP o BR 2 W 5% 31 B0 M 45 SR 09 B ik DNA IKFE .
MELFE SR HNB B B4, @I 1% B RE MBI s kit — 25 i
3.1.7 LAMP #4018 K2 FA
3.1.7.1 LAMP #0) & 1d] 3% & & & 55 4 &
T AT AL LAMP A RS, X 2017 SEMHNTE 6 DMAF
X P P A SR 2 3 78 AN BB K B SR AL HEAT LAMP Wlite T8N 5 1
ATALFRANEE 2 3R 2.1.9 TR, W AF RN Q1 R P A~ LAMP &
W KIS B X 4 AR S SRR PCR I &5 SRR LA
3.1.7.2 RE R X E A B4 b E
JREWE 2 FEEE 2.1.9.3 AT, SR X SR 1% PR B EI
78 AN B R AT B BRI TR B o DU T E 45 SR LAMP A LUER,  BRAIE
LAMP 1 H[A] B FH 25 5
3.1.7.3 AR AAER K ERA cyb KA 657 b
X F 51 % BC-cytb-F ( TAAAGTGGTATAACCCGACGG ) #1 BC-cytb-R
(CCATCTCCATCCACCATACCT) X KFEI b cyrb HEBF v BLifEAT PCR 971, k
P IAR T R R iR 2 356 2.1.9.3 1.

HZRE5Dh

3.2.1 B LAMP %5 H B R0
FIFH M G143A F KRR A W AR TR AT DNA B4, Jiiik i G143A - LAMP

AL S0 ST (R 3.1, BERFFRMERNH G143A AR, RIE HNB B AE LK

(E3.2a) , FHERMNEOANRE D, Gl43A FBREER 1) LAMP F=#7E
WM Lk P BN LR BRIR I R (B 3.2b) o b4k, BCbil43/144 -4 T FIFH
PEFE B BCbil43/144-LAMP 51941 S9 (R 1) ¥4, thHET HNB FithAs
th (B 3.2 ¢) K#EE vk (B 3.2 d) kHfE XM LR miisfFs, RiE HNB
BUEARSRTE , FTA BHPERE S S B R G B e, (E B PE X R A A8 1L o

a bmi1 234 €1 2 4 d w1 o2 3 4

s s _s_ i. === 1
BRR v"v_
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P 3.2 LAMP JI5E (5 AR, a: 35T HNB B2 1L G143A-LAMP 45 PERG I, 1:
LABI12-06, 2: TMB15-06, 3: ANB13-07, 4: ddH20; b: JT- %K k) G143A-LAMP (114557
PRI, 1: LAB12-06, 2: TMB15-06, 3: ANB13-07, 4: ddH>0; c: &1 HNB i a4k
BCbil43/144-LAMP [¥145 5 AR, 1: ANB13-07, 2: LAB12-06, 3: TMB15-06, 4: ddH20
Figure 3.2 Specificity detection of LAMP assay. a: Specificity detection of G143A-LAMP on the
basis of HNB color change, label 1: LAB12-06, 2: TMB15-06, 3: ANB13-07, 4: ddH,O; b:
Specificity detection of G143A-LAMP based on gel electrophoresis, label 1: LAB12-06, 2:
TMB15-06, 3: ANB13-07, 4: ddH,O; c: Specificity detection of BCbil43/144-LAMP on the basis
of HNB color change, label 1: ANB13-07, 2: LAB12-06, 3: TMB15-06, 4: ddH,O; d: Specificity
detection of G143A-LAMP on the basis of gel electrophoresis, label 1: ANB13-07, 2: LAB12-06,
3: TMB15-06, 4: ddH,O.

3.2.2 LAMP Rl S £ = B %A

B ONB ]S IR 1 7 0 B BB A T, 8 F R S kAT
LAMP #"34, i€ LAMP R B[S AIE AT 400 2R R, WEERT 61 CH,
G143A-LAMP R BAREHEAT, OB BEIRA 24 (B 3.3 2) » 24T, 7E 60 C
61 CIRPIEE TN, S H I B AR Ak, I FLLE %R sk b s
THEIEM LAMP 254 (B33 a b) o Bk, N7 E, 7561 CFiAT
G143A-LAMP A& 55 5K 8, £ 61 C I 50 min AL H A 3.3 cd)s
BTN K E W BCbild3 / 144 & F K LAMP &3, 76 59 ‘CE 63 C
HRAT LABEAT 1S, 45 S O A AL B R K AT I (B 3.4ab) o [,
W 61 CHER L L AR SCREP A LAMP K0l . A7, LAMP Kl (1)

B RN %AEH 61 °C 50 min (B 3.3, & 3.4) .

a I Fe, fe) 9] ] ] O OO L [N VI VI ¥
S S S S I S S S eSS o8 e
& & & & & & & & Mm & ESFE & S S
- :

» | B A |
3.3 ik G143A-LAMP [ 2 1. G143 A-LAMP (¥ 52 8238 B B ¥ 5 9 59.0 °C, 60.0 °C,
61.0 °C,62.0 C,63.0 C,64.0 C,65.0 C,66.0 C.a: 3T HNB FaAB AR, b: 3Tkt
Ji EL KA BTG AL TR B B FE . G143A-LAMP [ )% 2B [A] ¥ 5€ 79 15 min, 30 min, 40 min, 50 min,
60 min, 70 min, 80 min, 90 min; ¢: ET HNB B LAV S SR 8]; d: 5T r vk ps il
Pk 2 B[]

Figure 3.3 Optimization of reaction conditions for G143A-LAMP. Reaction temperature gradient
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of the G143A-LAMP was set to 59.0°C, 60.0°C, 61.0°C, 62.0°C, 63.0°C, 64.0°C, 65.0°C, 66.0°C.
a: Optimization of temperature on the basis of HNB color change; b: Optimization of temperature
gradient on the basis of gel electrophoresis detection. Reaction time of G143 A-LAMP was set to 15
min, 30 min, 40 min, 50 min, 60 min, 70 min, 80 min and 90 min. c¢: Optimization of reaction time
on the basis of HNB color change; d: Optimization of reaction time on the basis of gel
electrophoresis detection

a L L L £ £ £ £ L
S s 5 8 S ) S
& & & & & & & &

-

1
-

.| - =,

c £ § F3
£ § ¢
\3 v
h- 4

Wi

|

Yy VwwwOwY

3.4 BCbil43/144-LAMP S 46 HAL. BCbil43/144-LAMP (1) 5 5% % BB BE BE5E N
66.0C, 65.0C, 64.0C, 63.0°C, 62.0°C, 61.0°C, 60.0°C, 59.0°C. a: 1R HNB Fi b it
FEBRIEE. b: e T R A AL IR B . BCbil43/144-LAMP [ S2E /8] 53 31 9 15 min, 30 min,
40 min, 50 min, 60 min, 70 min, 80 min, 90 min; ¢: FE T~ HNB B B0 S R [R]; d: FET

I HL KRR IR A S I i)
Figure 3.4 Optimization of reaction conditions for BCbil43 / 144-LAMP. Reaction temperature
gradient of BCbil43 / 144-LAMP were set to 66.0°C, 65.0°C, 64.0°C, 63.0°C, 62.0°C, 61.0°C,
60.0°C, 59.0°C. a: Optimization of temperature gradient on the basis of HNB color change; b:
Optimization of temperature on the basis of gel electrophoresis detection. Reaction times of

BCbil43/144-LAMP were set to 15 min, 30 min, 40 min, 50 min, 60 min, 70 min, 80
min, 90 min. ¢: Optimization of reaction time on the basis of HNB color change; d: Optimization

of reaction time on the basis of gel electrophoresis detection

3.2.3 T LAMP &R iR
Wt F LAMP REE RS, ¥ 10 f5Hi B DNA B (ALL-DNA-Fast-Out

IO FHE LAMP RN, MR4EE  HNB FAT WEEe AR (B 3.5ac¢) Ml
BEREIK (F3.5bd) IS EREY, G143A-LAMP #:IA1 BCbil43/144-LAMP

For IR BR  100% 10 ng/pL .
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VIVWVY

K 3.5 G143A-LAMP Fil BCbil43/144-LAMP [ R RS, [N 1-7 ABEERRE ¥ DNA
HEHR, DNA ¥ Z 5351749 100, 100%1071, 100102, 100x10-3, 100104, 100x10-%, 100x106ng/ul,
DW 5y dd Ho0 EEAX . a: 2T HNB BUOARLHT LAMP RBUEAGI. b 2 T-HER ALK
T LAMP R AR K
Figure 3.5 Sensitivity test of G143A-LAMP and BCbil43/144-LAMP. Reaction tubes 1-7 were
10-fold dilutions of the cleavage products, with DNA concentrations of 100, 100x10", 100x1072,
100x1073, 100x104, 100x1075, 100%10°ng/ul, and the tube DW was ddH,O blank control. a:
Sensitivity detection on the basis of HNB color change. b: Sensitivity detection on the basis of gel
electrophoresis detection

3.2.4 7E 1h P5E R H A1 R R BIR BT 2R LAMP il

A (] 1 £5R A BI H (A) B K B2 A, 7E 80 'C F A All-DNA-Fast-Out
AR 10 min, FRINREGERA DNA, G2 r=MH) LiEWAIE A DNA B, F
H &t LAMP 514 S7 #1 S9 43 AT LAMP Axill, KRIITE 61 C T M
50 min. LAMP #4568, G143A-LAMP I 5E 7T LIAG I 2] 46 AN BH AL & ¢
3.6b, £32) , XAMEFMRERER, 7678 MREHEKS, FEME 46
MRECPIUZG M B, TivEE RIS A 59 % 3 FUKE bR 32 4N, RN 41% (£
32, E 1, WA 1D . W32 Fi, PCRIMFANEY, raxwmEisEs
EEPUE I ERR, 1E cyth AR 143 MENTHELE T MR (G143A) .

1T BCbil43 / 144-LAMP J5E R 2 BT 1) G143A-LAMP H 2 I RIAE 5,
GEREIR, E1X 32 MERTAE 3 AR EORBEYE, B, M 78 M KE
R, R 3.8 % KB W bR TR R I T B R T (B 3.6 d)
[FB R A PCR 9 HVER B N & T, 45 R 5 BCbil43/144-LAMP il — 5,
B YK WL 3.6 eo IKEIFRTHA RN eyt FEH: 1 B cprb FEH 55 143 fr53565
FJEEERE 1205 bp A& F, @154 BC-cytb-F Fl BC-cytb-R ¥ #1741
1700 bp 72455 11 B cyrb JEIA 55 143 AL A0 144 S 30 F 2 [AIA W& FRIFEA,
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3L 514 BC-cytb-F Al BC-cytb-R 45 (197 #1£19 500 bp (& 3.6¢) .

a 1 2 3 4 5 6
b 1 2 3 4 5 6 i 8 9 10 11

® GI43A(R)
Positive

WT (S)

Negative =
VY VYVYVYVYVY VYWY YYDY

c ——

20pg/mL 100pg/mL

d 3 4 5 6 7 8 9 10 11 12 13 14 15 16
—qu——v',h.... - — e e W - -
e

2000bp)
500bp)

3.6 T LAMP. X7 EIEAN PCR AL E () S5 AR A . a0 PR RBEAE L, 1 R
Ffdh, 2-6: SEREIREZIRE M b ST HNB BIEAZMLIK G143A-LAMP il 1-8: KE 5
G143A RAERIY, 9-11: BUBRIEBRRFE M c: XA IR EER DI B RTRE &, S: Qol BBU T
Pk, R: Qol HLPE B FE; d: Bebi 143/144 LAMP 5, 1-3: B AT Bebi-143/144 & F KB
fh, 4-16: AN Bebi-143/144 W& TIKE IR . e: PCR 47 HURHI B (K P9 35 T
Figure 3.6 Detection of field strawberry samples by LAMP assays in fields and MIC testing in
laboratory. a: Strawberry samples from field, label 1 healthy samples, label 2-6 strawberry friuts
of gray mold in field; b: G143A-LAMP detection based on the color change of HNB, label 1-8
G143 A mutant phenotypes of Botrytis cinerea, labels 9-11: no mutant strains of B. cinerea; c:
Detection of field samples by distinguishing dosage method, S representes Qol-sensitive strain, R
representes strain of Qol-resistance; d :Bcbil43 / 144 - LAMP reaction causing change in color,
lables 1-3: Botrytis cinerea with Bcbil43 / 144 intron, lables 4 - 16: B. cinerea without Bcbi-143 /
144 intron; e: Detection of the intron of the strain using PCR amplification.
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% 3.2 LAMP. [X 437l PCR A7 RSt (A1
Table 3.2 Field sample testing by LAMP, distinguishing dosage method and PCR.

R LAMP Bﬁ.f.é MIC Bk 9%3{3@2
Hh R W LAMP Positive MIC Mutation genotypes
Origin Number  Gl143A BCbil43/144  Positive®  GI143A 1437144
HETF
ENTHER 14 3 0 3 3 0
FEXTI 2 Tl 12 11 0 11 11 0
B T 2 T 11 4 0 4 0
B R IX 10 7 0 7 0
UM T I 22 X 21 12 2 12 12 2
AeTiE S 10 9 1 9 9 1
Mt 78 46 3 46 46 3

XMIC BHP:  fe DR B >100 pg mL,

3.3 itig

LAMP & —7F Fl T B2 R 38 B QB R A , A2 5 AR I R0 46 e 2 8 1) 17 B 12
Wr T R02, LAMP #2447 — RS N B e WomE m ik, 2R Rty R
PEREI DNA H B b Sl dt 22 g2 105), e AR SEMmF s, @it Ffie 1 ahd
5140, AR BT Qols MBL:, 7E FIP [1 3'Kuk 51 NAEECHBHE, LA
X7 G143A AR FIBUR R R A . ik 7 8 H5I1W, KILFE FIP 3w 2. 3
AR I R A BRI 514 ST (A M1 G-T M T) ) BERFRIERIZI L B. cinerea
G143A RALFLH B . IREREFAE T LAY NE 2 MERE: A7 Bebi-143/144
EF, X Qols EAHAEPL GAH & Gl143A) , AEH Bebi-143/144 WEF,
%F Qols BU; &1 Bebi-143/144 W& T, KB H 9% Qols HUKZY, H
PUPE R R RARART 2, By LUK P9 & F I AATE 5 75 0] LAVT A K 35993 b A R 9L
PR A . BT T 454 BCbild3 / 144 & T 1205 bp 41, it THT
W& A LAMP 5194 AR R, v - WS DUARVTA5 2K 2590 B P ik AU 7K 7
MR, EARFEFRFF, HNBENTRRA, RS BEF R, XM R
BAIR T 729 5 TR INAZ IR 49k SYBR Green I 5 7= £ A BH P o XU

KW BXT Qols Fithk 1) LAMP Al /7 vk & 183 2 I P il sk .
T LAMP i& T332 Wi, S i 3 U vl BE T 3 . 78 a1 —25
¥ LAMP &b, FHE)RE S A AII-DNA-Fast-Out TRACE LR EL DNA, K224
£y DNA BRI B3 55 e % 171 LAMP SR A9, TR In P i
B, RN R E L, B RV A R R & MA R EE WE AR N Z I
TEHHATIA R . 500E B TR T IEAM L, REPFARF T LAMP W€

35



AHXF R, IF HALKS DNA I TR, RERSEMEME 1 h )NP=Aegh . A
All-DNA-Fast-Out F11£45 DNA $2HU M L, $REUG T 250 s 1 5 5%,
AUARERRST (4G, k> T RES T Y5 4, DASEERDE kil o

B2, RIEWFREN. T —A LAMP AR CELEH A LAMPA&ID , A
T M ST Pty B2 A 508 B X Qols AR BRI BB A KU : G143A-LAMP 1]
DL 5 Qols Mt Mk, BCbild3 / 144-LAMP ] #5300 H BA R ACE I R
S RS R 2K 25993 R LA o 1 A2 LAMP Kl 2K 25995 B X Qols 225 B FFIPL L I 7 I
ik
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4 BEBHHIRIERR LAMP #0898 7 F 8 F

YRR RN G, HT R BRI RS, AT REE i kA
KiG3l, (A RFE A, T REWARARIVER, SFMEE, 5,
RKEEHE, FERHE, BRI EAN KT, KMIR T ARG,
TR IEL A U EL A ML TR AR AR G I e A, B T e R B, — BT
B TIEE M, AN, ERRKETUR . WREENWRIEEARS, WRE
WJE (Colletotrichum)  HEfafLJE (Alternariad) « W2 S5 )8 (Phomopsis)
O % PR R )& (Botryosphaeria) %5012

ST AR AR BRI 05 SR B AP AE , R E i RS, R R T A
HEOPIR, ZATEHGER, B RaiRal (lateral-flow device, LFD) Bt&
5 AE HH (R4S A A5 S A4 7 T L8 BUAR U303 (R KR e 14 LFD AR 2
B A B WO, 5 R B B T R e AR A AN B3 B, P AR 5130 v 22320R )
LFD W M A AR, MU HE AR B33 1T DNA $2H0, 5 1317 LAMP S5
gz, sEEl—5E LAMP Foill B4 1 HRIEN,  [FIS 218 Chomezynski 18
(7 VAN, R RN SR £ R AT RO AR AR BT AR, SRIL T B MAE R iR
HUHE R IR IE i T4 DNA.

ATERFCHR, TR T — B VAR A4 ks I B 25 1 S R JE i 1Y LAMP
AT A, eRE A TAEARRE S AT AR EE, A BT B A R 0 1 TR AR T
BT

4.1 RIS E*%
4.1.1 FERF S0

K LAMP PR RIFIFICE WIEE 2 FE6 2.0 AT A il il 4k
(lateral-flow devices, LFDs)JF Forsite Diagnostics Ltd; 5 Z —-fi# 200(PEG200)
¥ BT,

4.1.2 3| THRRE

Bl TN 2 B 2.1.2 WA, RSSO, T R
RIATR T B-tubulin 22K H O 7 51, Btk H— B0 5 V58 SR JH % 1 LAMP
s (41 .
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% 4.1 LAMP 5| ik
Table 4.1 Screening LAMP primer set

514 b it FF51

E47 Type Sequence (5°-3°)

Tu-F3  Forward outer CTCGACAGCAATGGAGTGT
Tu-B3 Reverse outer TACTTGTTGCCGGAAGCC

Tu-FIP  Forward inner GGAGCTCAGAGGTGCCGTTGCTGGCCACATTGGTGGTTG
Tu-BIP  Reverse inner ACCTTATAGCCCCCAGAGTGCAGGGTAGGAGCGAAGGTCA

4.1.3 B BEEHHIRER LAMP kil 4 &

AR HURIA R ZIC15-3 Btk DNA AHEHR, LAMP KRS 2 55 2.2.7
FIHTIA; X T LAMP B A, QOfFEE 2 256 2.1.6 TR, ®E — RYNEERS
J 59 'C~66 C, TEHCEE T EY B 15 min~90 min, LAJLAkH 5 B
TR AT ER RN LAMP RBENNL, 10 556 B HB: DNA 4%, {f DNA
N 10 ng/ul~10x107 ng/uL, 433 LA, #3517 LAMP fl PCR §3, X¢
Lt LAMP 1 PCR HJR B, PCR ¥ 34§ /514 Tu-F3 F Tu-B3. H/MGFEEL
=W, EBEE =K, A
4.1.4 LAMP 5532 H:HR

I CAASZ 5 =5 Fp AR AT R [F R B8 (Colletotrichum spp.) BRI H ¢
IKERFIH DNA AR, dd HO AFHHEXIR, JHAAR S50 o AR R LAMP
AR R R e, T B BFERMRIER (C. gloeosporioides) (LI #L
U (C. atramentarium) « HHURIEE (C. capsici) ~ VL RIEHE (C. truncatum) -
IRF % (B. cinerea) - H.B DNA $#EEIAE A aar ik 7 & 52 5.

4.1.5 BEHERINERHEMKE M DNA
4.1.5.1 A&7 (lateral-flow device, LFD) H 32323 ¥ A+ 20 22 DNA
Z 8 Tomlinson i {7 3E32, 7F Extraction buffer LAY R, B )G
W S SIS LED RORERCES, AF 6 4% B B A0 2 0 214 R
YR L (LFD B o v LU —H6 4> BB INE] DNA 438 B, il
LAMP, K3 LFD I -] DNA. B EREREMALFES (100 mg) HAE
HHAMNBR (E 5 mm) Al ImL Extraction buffer (Forsite Diagnostics Ltd.) FfJ
RV, RIZRY 90 s DAEIRRE SR . X R v S BUR MR S0 70 00 i
DAREIL DNA . MO B G2 (70 L) ¥# %) LFD 5 . 7£ %% F % LFD
BE, 25 LFD BEK—80 (=5x1 mm) EEEHME] LAMP & BRE &Y 1
DB, [RIISE DAAS 52 I e ¥ gk e 2 2 it B, AR 3 [RIRE (1 5 V080 AT A b 3
CRTBRFRE T AT AL BE fS , IR IR &) DNA ¥ JE 4 100-200 ng/uL)

38



4.1.52 #AMHE T =8 200 (PEG 200) FLE:AMAFLI DNA/

20 mM KOH-60% PEG $REUA M ELH]: 60g PEG 200, 0.93 mL 2M KOH FI
39 mL H,0, fif pH 7F 13.3~13.5. ¥ 10 mg YL IAA 100 pL 5P PEG &
IR 15 min, 3 80~100 C I 10 min DAZEARL LR DNAIST,
4.1.6 LAMP X H /8] B2 HE AR i A ksr il

TERUM AR X R AR 20 PRAESEALEA SRIE IR W F AL i, A AIE R
BRI BB EAZE . ZEFF . A SR 5 AR 100 mg, F)
F L3k DNA 28077, # LFD JEE# PEG LiEWIIMAFT & 57 ) LAMP & A
A . FIE, LAMP Rl 45 LAy B RAX . HE D875 T BUE
M, F 75 %R 30 s, ARIMTAE 2 %[ NaClO W iR 1 min, )5
TER KRS 3 Ik, AR IEACHE KR TG VIR 0.5 cm? /8, BT PDA KT,
15 25 ClHIRRFRFE T B 7% 3 d, FEE2 K, PO LI i3
PR T AR, 4eRalifh 3 S E T PDA RHHH 4 CRAZ %M

42 HBRESH

4.2.1 LAMP & U 8¢ 4% [ R %A% BB 2

LAMP il R B FE R B — RFIBRE: 59.0C. 60.0C. 61.0C. 62.0C.
63.0C. 64.0C. 65.0C. 66.0C; SEILERKH, HEEN 66.0°CRY I K BA
AeidtAT, 7E 64.0°CHI 65.0CHY, MO BIIR, HE Bik&wEw. 11
64.0°C A N B B B : 15, 30, 40, 50, 60, 70. 80. 90 min, HH{T
SOSEIEN LA IR 4s R, 7E 64.0°C 41 B 40-50 min BT iAF S5
B, scsiarsiiesssm (Ee.t, Be6.2) .

O

a 5 & &Ly s
LL - Il Jj
\ |
ywwyw
b M —

4.1 LAMP JR MR FEAL. [RSEE 5N 59.0 C. 60.0 C. 61.0 T, 62.0 T, 63.0 C.
64.0 C. 65.0 C. 66.0 C.a: iHERLEEH) HNB 2 N 2 (0 [&]; b: 5 RE B AR ke L vioka: ) /&)

Figure 4.1: Optimization reaction temperature of the loop-mediated isothermal amplification
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(LAMP) for detection of Colletotrichum gloeosporioides. a: HNB-based visual changes in colors
from violet to sky blue; b: LAMP product detected on 1% agarose gel electrophoresis, Lane M
represented the
DL2000 DNA maker

mbm
N ——_— -

4.2 LAMP BB EMEAG. SOSER E] 5330 %6 15 miny 30 min. 40 min. 50 min. 60 min.
70 min. 80 min. 90 min. c: JZ N [A] [ HNB Jsz N3 €0 B; b: e SRS 8] [k g L Bk R )
Figure 4.2 Optimization reaction time of the loop-mediated isothermal amplification (LAMP) for
detection of Colletotrichum gloeosporioides. a: HNB color changes in the LAMP reaction from
violet to blue. b: LAMP product detected on 1% agarose gel electrophoresis

4.2.2 LAMP R0 i 74

TEASESGH, FIF BT LAMP A4 22505 A [R] 5 25 16 & 00 2% B b A TG0,
PABSIE1Z LAMP Aar U ml DURE S A Hh B e R R B, & SRR, LAl o
B EE B ORI (C atramentarium) ~ F3RIEE (C. truncatum)
BHURIAE (C. capsici) WIFETIIRIAMRN, HARKEWRE (B. cinerea) Ffi
WM N, RERMEKRIER(C. gloeosporioides)F i EBUFHMEE R, RNE
BH 58 R RO W 1, BRI R B T 2% s A B0 17 AR 5 e B AR RR R B0 RN,
FEUKAS NG B 6 2% 1, % LAMP Al B 34T ()R S o
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4.3 LAMP A5 A [R5 45 76 S TR RN AR B2 T s AGr I B 6k 23 30 D R PR R JEL 7
(Colletotrichum gloeosporioides)  SEEAfIELHIE (C. atramentarium) « HHURIHE (C.
capsici) ~ “TFkRHEHE (C truncatum) K& TE (Botrytis cinerea)
Figure 4.3 LAMP detection of different species of Colletotrichum spp.( C. gloeosporioides, C.
atramentarium, C. capsici,.C. truncatum) and Botrytis cinerea

4.2.3 LAMP & R 8

10 FEEEFERBEARELE) HFF DNA, fff DNA KA 10, 10x107", 10x107,
10x107, 10x10*, 10x105, 10x105, 10x107 ng/ul, 235 LLH AR, #4T LAMP
HPCR ¥4, It LAMP F1 PCR HIRBUE, LKW, ASLR b RAE RIA
LAMP I H B ARAG MR A 10x102 ng/ul, PCR HIHARKEMIER A 10x10 ng/ul.
LAMP #:U EL# 4 PCR & 10 1% (K 4.4)

4.4 LAMP 1 PCR &R LL . B 1-8 40l 8+ 5 #i ke ) DNA, 1-8 5 DNA WK EN:
10, 10101, 10x102, 10x10-3, 10x104, 10x10°5, 10x10ng/pl, 10x10-7 ng/pl. a: R B
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HNB &7 5 5 )5 b: LAMP R GUZEAS IR H oA DI &1 c: PCR S AB0BE A MUk AR FL v e
Figure 4.4 Sensitivity of LAMP to detect Colletotrichum gloeosporioides compared with
conventional PCR. Lane M represented the DL2000 DNA marker. A serial dilutions of DNA
templates containing 10, 1010, 10x102,10x103, 10x104, 10x10-%, 10x10-%, 10x10-7 ng/pl in a,
bandc

4.2.4 LAMP B JULE LFD FBtE PEG JREVEYIFE M DNA W4T

FH LFD Ab3EAE Y20 23R i, #4 LFD BRI — 3840 (=5x lmm) H3R 1N E) LAMP
RBAREIF . SRR, BRI N R S E LAMP RMNZ S,
SR H I I A58 073 R R T, T e R 1Y) P A AR AR A W AE IR N R B AR
FFREAART (B 4.5 a) o BLBH LFD BIh BB bR of BE%E 5JE 0 B DNA 32
UK, BEARSEEG ) LAMP AR 5] DL REARE R JE9T bR S ARSI HE R

10 mg HEYIFEF AN 100 pL B8k PEG 7, 90 “CHn# 10 min PAFZEL DNA,
IS LAMP &R, Kol 25 R 00, YR i JE bR I AR 2 SRE S R
M, RFEARE R EAME (B 45 b) , R PEG A CAE SR BUEYIRE i
DNA.

YYWVYYSTUYUW

b

\L\\ }
Yy wwwuwv

4.5 LAMP H 38 iE Py AP IURE R i DNA J73E AT 47 1. a: LAMP Kl DNA 4R
LFD M Bk FHEHL, b: LAMP frill o DNA AEAR i PEG MELBR FERHR, & 1. diioris
HERJLIF B DNA BHTEXTEE, 2-5: B R QL MIAE AR i, 6-8: R ZIEYLIIE R FE bl
Figure 4.5 Verifing the feasibility of two methods of DNA extraction from plant samples by
LAMP assay. a: DNA template in LAMP assay was extracted from plants by LFD, b: DNA
template in LAMP assay was extracted from plants by alkaline PEG. Tube 1: DNA of
C.gloeosporioides by pure cultured as positive control, 2-5: Anthrax-infected strawberr plant

sample, 6-8: Healthy plant samples.
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4.2.5 LAMP £ 3l H [A) 525 3R JH R FELBRRE o

P _E IR FEAREE AT AR FE ) 75, SR A 5 DNA #H7T LAMP kil
gEIRR, TEFTRERIN 20 FREE UG SO H A AR, LAMP K S50 M
HIMEARECN 18 ¥, JF HAE AL ZE . ZEFF A AT b S RG22 BH 4 e B (1] 4.6)
T b 9 R 380 B A R o L R RS 23 AR A A 1) L 40 2R SR I AR o0 4
ERBOMIG, HAARE WAER. A5 B8 RERMH, M 18 ¥k LAMP
0 22 BH AR AR B R4 25 ZEAT AN R0 R Th 20 25 B R E B bk, B AR AR R
7 dJE, BEFREREEMAO)EH THMEB OB, 2R R R
JHE AR (B 4.6) , BRAh, MAERRIN 7 EBE A F7 B8 21 A R B 75 Jir 1A

Lu...gJJ

Pl 4.6 LAMP 6l FH [R] 5525 S S BI RERRE . a, b: FTRLEBROE S o IWBURIE N &
FERRRAE R SRR (A RAAIE; d: 0 B M B AR RE 16 7E PDA B 7725 B BVE TR S HHE; e
LAMP Rl AR R A28 . ZEAT . WA i I L, 1-2: JEAF 22241, 3-4: ZEFT4Y

5-6: WHRRALZR; 7-8: Wy 4120
Figure 4.6 LAMP assay for field sample of strawberry anthracnose plants. a, b: Morphology of
diseased strawberry plants in the field; c: Typical morphology of vascular bundles of strawberry
plants caused by Colletotrichum gloeosporioides ; d: Morphology of C. gloeosporioides isolated

on PDA medium; e: LAMP detection of strawberry plan including shortened stems, stalks, petiole
and leaf, 1-2: shortened stem tissue; 3-4: stalk tissue; 5-6 petiole tissue; 7-8: leaf tissue
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4.3 g

AT TP B T — s 5 B SR A I B v, RVR 2 A% A
HARM, B FRARG R B R AT AL B R R IR UL R, B AR vy A
751 h W5EM. Sl &4 LAMP Bk &, FI7EHAH LFD 7€ 2 min PR
MY _EIRBUR R E DNA, LAMP K i f 7et8 S in A s h gh AT B ey, —
A R SR LIS (V) DR F (DA 1) B 1o 2 ATt A 008 ) FH R Bk v $ L (1)
THPIRE A%, FIF real-time #EAT 9% IR B8 AL A 134, 5 real-time PCR AH L,
AR SEH LAMP KRR IR EE A T, SIS A T I R ) 2R

ARFRFFA, FIFH LFD R PEG PRl 75 72K S8 H R R 0 RF S i R 1) B
FEREL. LFD, —F i &, M REZMR & RGBS,
KSR BRI s B b, 20 BAE L IEE, IR SRR LFD i
b, RS R R AN . R K R A AR 77, LFD i BB
TFAF %R . LFD B —FINIRAT 4E R, Al AR e R IR, 2 EHR
— BN LAMP 48 R FFE AR, LAMP 5t AT DURF S PEAG I H A ik e e 3
FRIREAAES . ARG T RH LFD BtG LAMP KAl &
Phytophthora ramorum 1 P. kernoviael™, AZEWF I IXIRIEH LFD $2HE #
ERERARALIR, FEIES LAMP ks I 555 1 0 R JEL i

AT LFD B AR S, Wi PEG W& L BUZER A5 2 U 5B N & 5 .
Chomezynski %5 NJF A T —Fpog 2L g 70, 7T LUKE 2 Bl AE PR i B H: T
PCR, Tk —F M HHIEL DNA 735, BHFRM&EIRE (> 50%) BB
(PEG) 7EWMESAMET (pH> 13) Al R 2R, HFH BB T PEG ik
Frh B IEIR Y AL AR AR I R RO R, i T E SR R ST L 90 Tk 5-10
min DUIEZARIS), AR Z T 2% 2 B S iiE, mhiz FirE PEG ¥
SCIURE R SRR IR, LU &, EADE AU AE R LAMP Al o,
X TRE A AL R LFD $RBGETEMRGE, Mithi%: PEG 48 BUETE INZ 5

TG (5 IR R R R A I, A 95 F BRI paraquat (EHAS) i
SRR (Colletotrichum spp.) JIFMIHE, F FARLBER FEAPIZH LN g0 i
WEHL MK DUEF MR A R A SERE 2, b R A K F =1
[RIRIENS), A B ST BT % 1 LAMP AS 45 52 8 A 1 0 S i R v AR AR
LRk, G B PCH R TC B R, TR AR IR A, R BUR I E Y, X IE
5 B — 0 06 T PR AR AR A T F 56 AN B8 IE
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5 BERERET Qols FEMAFF KIS REFIA LAMP 4

MELAR

WIRTJLEE TR, AE095 R B X 2R R DR SRR B AP = AR P B, AR
TERT BT 5T AP A48 1 W48 5 285 5 95 T X A IR A 2K 5 B 5 1 s KT
FEA, R BRIEIR # f-tubulin FERRAE E198A RAF, &S HEK PR~
O,

B F XS IR I Fa i DT EE A, Qols 23S T 771 bk WAt Pk T4 i 2 5 8 AR
H. #E#0E, ARFIEA)E Colletotrichum spp., FL¥E C. cereale. C. gloeosporioides
1 C. graminicola™*1®, #HEAIRIE Qols FRA WM M A A HMk. —BK
i, KEDTRIRTE cveb F b 143 M35 1 G143A 278 LU /INER 4 F129L )58
A FE Qols AWM PPN, EEAME T, FERMIFEL R FI AT RRSE 2 )
0, TERTEME REHE R BB ), DU S B8 B JE AR 1 B

ARFWTE, FHME A R Hb SR AR B B I o BN IR B2 550 bt

24P, RTINS, FERCEERE BT R LAMP KA R, T AN R A R
JELIG BT Qols AN 2R R M 24 25 VA1 351 R i P R R 1 10 o

51 MRERE
5.1.1 fifZ555)

97%H AR 1% R (Thiophanate-methyl) J5%4, H#TLEURIEMM T AR AF
AL 97%MEMeEE R S (Pyraclostrobin) JE24§, HHYLFEIEAEMIM A R A 7R
i,

5.1.2 WHREIREMDTE

MHHTAEBNITT . AT BT T TP TR X, 6 AN Bl Al
FEFEM b, SRR BA BAREDR IR AREAR, 2 BN KRS, Al Se 06 = ik
1703 BARAT o R0 BVEND SR B AT 0 B8, BRI ss 4 258 4.1.6 79
Tk -

5.1.3 XARBEFIU RN € T ik

SR X o AR EE, I B 43 2 380 B o JEL o e o T TR 243 R R Br 1E
JPEMEE 2 FA 2.1.9.3 TR
5.1.4 B-tubulin Z2RA cytb B 551 it

BEALBIE 10 BRAS A 2R AR I B R D B, R T 514) BETU-F1

(CAGGTTCTCGATGTTGTCCG)HI BETU-R1(CCATCA TGTTCTTGGGGTCG)
TR S-tubulin FEHALE 198 A1 200 Arf A BGEATY 4. [ 514 Heytb-F
(CCTTTTGGTGTTTTACTTATTTG) #1 Hcytb-F (TAATCGCCTACAGACTGG
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GTCAC) M RIEH M cyrb FERALE 143 S0 BEHATY 1. 8073280 b
TR 2 B 2.1.9.4 75
5.1.5 DNA HI$2H

PR FUARIE R ZIC15-3 g Xof Mok WA T v T AR PR B R ) BURR BRI PR s ZIF-4 BRI PR
cyth A 143 fB LT KA SRR G143A (GGT—GCT) , o nth M fik A i v
By, R p-tubulin LN S 198 75T KA S84 E198A, X BB i
RMEPL. 7C PDA Falissss 7d J5 8 E# DNA Podmiidi e (EwAET,
¥g) BET DNA $2HL,
5.1.6 LAMP R 51 4703 o R ok

BT IR cyeb B 143 O RARAL s, J7iknsh 2 %58 2.1.2 WHTR,
FIR LB 8, 6 FIP 3745 NASRCHZER ik, M /NE LAMP
1. CAReRERPEY G H G143A TR A Red 1Y H BUR B AREE & I S D 1E R
JEERRIR ) LAMP 5140 2T RARIE B S-tubulin FEF G 198 RAAL L, Wit
VUE4EEE LAMP 5%, ZJC15-3 Al ZJF-4 Btk DNA 43 51 5 1 A0 B PR AR

# 5.1 LAMP 5|4
Table 5.1 Screening LAMP primer set

Amam oA R R
Primer applica

Primer name Sequence (5°-3”)

set tion
BE CYTB F3 GTATGTTTGTATGTTTTACCTTACG
BE CYTB B3 ACCTATAGTAGGAAAGAAATGCT
BE CYTB s CTCCAATTCATGGGATAGCACTTATGGCAAATGTCATTA
FIP1 TGAGCC
BE CYTB © CTCCAATTCATGGGATAGCACTTATGGCAAATGTCATTA
FIP2 TGAGCA
BE CYTB 3 CTCCAATTCATGGGATAGCACTTATGGCAAATGTCATTA
FIP3 GI43A TGATCT
BE CYTB sq KM CTCCAATTCATGGGATAGCACTTATGGCAAATGTCATTA
FIP4 TGATCA
BE CYTB S5 CTCCAATTCATGGGATAGCACTTATGGCAAATGTCATTA
FIP5 TGAGCTC
BE CYTB S6 CTCCAATTCATGGGATAGCACTTATGGCAAATGTCATTA
FIP6 TGAACT
BE CYTB TCGTTGAGTCAACAAACAATACAGTGCTGATAACCTAAT
BIP GGTCCTA
BE-198-F3 E198A CCTACAACGCCACTCTCTCC

BE-198-B3 R CGCAGGTCAGAGTTCAGC
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BE-198.FIP1 7 ACAGCTTGAGGGTACGCATGCATGGTCGAGAACTCCGAC

GCG

ACAGCTTGAGGGTACGCATGCATGGTCGAGAACTCCGAC
BE-198-FIP2 S8

Cccc

ACAGCTTGAGGGTACGCATGCATGGTCGAGAACTCCGAC
BE-198-FIP3  S9

TCG

ACAGCTTGAGGGTACGCATGCATGGTCGAGAACTCCGAC
BE-198-FIP4 S10

ACG
BE-198-BIP CAACCCCTCTTACGGCGACCTTGACCCGGGAAACGCAG

5.1.7 EERER DG LAMP 8k & fz

DAFR ) AR ZIF-4 25K ZH DNA AR, LAMP 14 2 % 20 73 42 B 5 2 %58
227 Wik 3T LAMP Rk, IEEE 4 25 4.1.3 Tk, wWE—RAR
FERREE 58.0 C~67 °C, {ERIEIRE T REY WIS IH 20 min~90 min, ALK H &
R NIFRFE s FERER I LAMP R SO M LAt a0 55 R 58 4 %258 4.1.3 §5 T
B, 10 f5ELEHFE DNA BB, {8 DNA #KE°A 10 ng/uL~10x107 ng/uL, Xttt
LAMP 1 PCR [ R (%, PCR ¥ 34{# 5[4 BE-198-F3 Fl BE-198-B3. #/~4b
HELF =W, LWEE =K, FH.
5.1.8 LAMP A JU4A R HERRE 2547

DA ) 1l DX SRAE MK 10 AN 7] BBURR B 52 I 1 1 Ak DNA DASEAR, 2k
ITHRIATRDIZG M LAMP A HERR /0 br (RIFRIR 5.1.4)

52 ER55Hh
5.2.1 BLEE R IER BN A A P 1

WA TR CREEBIRE &, Gt 414007 B A L1521 93 FR A8 I I B
PUAMEE SRR, FEE R @ACFIA R (HR) H 82 tk, MFEH
88.2 %; MUK (S) 11 ¥k, BE N 11.8 %; BA MM BMEAKFHiZ5 M E bk (LR)
R Z KPR (MR) o SAMBIXCRERI BRI B RAR, WK
bR (BEIS.1, MR 2> o IR T 93 Hk B A o I 1 0t mbk nae Pk 41 s 110 e
P, g5 A B BURBE R (S) 274, AN 29.0 %; mAKFHZME R (HR)
66 >, SR N 71.0 %, BEEMEEACEFILZ T ER (LR) M K-PHi 2
IR (MR o & DOREEM BARAE RIA AR, RS FR (B 5.1,
fk 2>
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100.0% 88.2 I P i

g
o |
80.0% 71.0 MR

]
rK

FF%

j

%
Frequency
B D
o o
o o
xX X

T

i 29.0

20.0% 11.8
0.0 0.0 0.0 0.0
0.0% . . . !

U E(S) ACPHUPE(R)  HEEKFPIME(MR)  mACPHLE(HR)

5.1 BRERIEFRFE (n=93) X ubt PPk v e A H SR AR B R Ko g
Figure 5.1 Resistance frequency of populations of Colletotrichum gloeosporioides in
strawberry to pyraclostrobin and thiophanate-methyl

5.2.2 Xt Qols SR I BRI R W KIPi ik 7 T WL
i34 514 Heytb-F A1 Heytb-R A7) B8R B0 5 5 T B T # P 47 484 31 500
bp 245 0 B AR A B 45 Bl BLAST i#47 Xt 2 5, H SeqBuilder #44:4y
Wras mEm], aPEEE o 2 F 143 %R H GGT>GCT, S8
143 frf HEZRRAANEIR, THBURE K 143 AR R AERE.
143
|
XSXS-3(S) --*TAC GGG CAA ATG TCA TTA TGA GGT GCA ACA--
Y G Q M S L W G A T
XSXS-4(S) -+ TAC GGG CAA ATG TCA TTA TGA GGT GCA ACA--
Y G Q M S L W G A T
NBG-2(S) ~TAC GGG CAA ATG TCA TTA TGA GGT GCA ACA-
Y G QM S L W G A T
NBG-8(R) *TAC GGG CAA ATG TCA TTA TGA GCT GCA ACA--
Y G QM S L W C A T
WZ1-1(R) --"TAC GGG CAA ATG TCA TTA TGA GCT GCA ACA:--
Y G Q M S L W C A T
WZ7-4(R) - TAC GGG CAA ATG TCA TTA TGA GCT GCA ACA---
Y G Q M S L W C A T
HZJ-1(R) --"TAC GGG CAA ATG TCA TTA TGA GCT GCA ACA-
Y G Q M S L W C A T
HZJ-2(S) -+ TAC GGG CAA ATG TCA TTA TGA GGT GCA ACA--
Y G Q M S L W G A T
HJD-16(R)--TAC GGG CAA ATG TCA TTA TGA GCT GCA ACA---
Y G Q M S L W C A T
HJID-46(S) " TAC GGG CAA ATG TCA TTA TGA GGT GCA ACA-+
Y G Q M § L W G A T
P 5.2 AR BRSO B Mk cyrb B K87 & R IR 7 4 He v
Fig 5.2 Alignment of putative partial a mino acid sequences of cytb gene between different
phenotype strains isolates of Colletotrichum gloeosporioides
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FIF 514 BETU-F1 #1 BETU-R1, %t 10 #RAS RSN @Ak f-tubulin 2753
TP 3G, JHEE] 550 bp 24 R B AR B, DIFPSE R, ORI B =Rk R R,
UK ML B B-tubulin 198 F1 200 fi7 35 & A 5848 Hiitk bk R1 8L B-tubulin
FH 198 (%L T H GAG—GCG, HAZMRETHNHEAR: Ptk R2 B
B-tubulin FF 200 755 T 1 TTCHTAC, HENEMRL NEATE.

198 200
! 1
XSXS-3 (S) -"TTC GAC GAG ACC TTC TGC ATT GAC ACC GAG-*
S D E T F C I D N E

XSXS-4 (S) --TTC GAC GAG ACC TTC TGC ATT GAC ACC GAG-+
S D E T F C I D N E

NBG-2 (R1):*'TTC GAC GCG ACC TTC TGC ATT GAC ACC GAG-**
S D A T F C I D N E

NBG-8 (R1):*TTC GAC GCG ACC TTC TGC ATT GAC ACC GAG:**

S D A T F C I D N E
WZ1-1 (R1)-"TTC GAC GCG ACC TTC TGC ATT GAC ACC GAG:*-
S D A T F C | D N E

WZ7-4 (R1)'TTC GAC GCG ACC TTC TGC ATT GAC ACC GAG"*
S D A T F C I D N E

HZJ-1 (R1) --*TTC GAC GCG ACC TTC TGC ATT GAC ACC GAG:-*
S D A T F C I D N E

HZJ-2(S) ' TTC GAC GAG ACC TTC TGC ATT GAC ACC GAG:**
S D E T F C I D N E

HJID-16(R2):--TTC GAC GAG ACC TAC TGC ATT GAC ACC GAG:-*
S D E T Y C I D N E

HJID-46(R2)---TTC GAC GAG ACC TAC TGC ATT GAC ACC GAG:-*
S D E T Y C | D N E

5.3 AERIMBIBEIE B-tubulin HDRHE 73 S B/R T 1 LU
Figure 5.3 Alignment of putative partial a mino acid sequences of S-fubulin gene between
different phenotype strains isolates of Colletotrichum gloeosporioides

5.2.3 LAMP R R 7514

T G143A BEERINE LAMP A&, MBI RIE IR /S 4 LAMP 5|4
LR | BR R LAMP 514, 8UREHRARY Y, SRR %
o, TR Fk S RN (B 5.3a) 5 HAPIZANE GI143A HRE R
AP, BRI, HERER RIk B RERH (B53b) o B S4
S| YN AT LG BUR B AR A PN G143A BHEHRIX A, AT LURE AT G143A
PEFER o BFTUABRIE T4 S4 4T R — 25508 . SRR B E198A-LAMP 5|1
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BRI, T4 S8 AT LAREFPER I E198A SRARFE Y ([ 5.4)

a ST S2 S3 S4 S5 S6
S G143A| S G143A| S G143A| S G143A| S G143A S G143A

M 1 2 3 4 5 6 | 7 8 [9 10 [11 12

2000bp

500bp

b
= AR EERERRRAN
T 11

Positive Positive Positive Positive Positive

Kl 5.3 G143A-LAMP 557 15 5| ML, S JSREE Fv 55 A o LA ik e T A0 ) J55 8 R JEL R T
DNA # i, G143A RIS T35 A G143A R B RERL BRI 1 DNA #F . a: LAMP 874
HEIR HK I b: LAMP S B2~ 4 rT AL HNB (2 (18], 206 i kAR BA M e L
Figure 5.3 Deter mining six sets (S1-S6) of loop-mediated isothermal amplification (LAMP)
primers. Label 1,3,5,7,9,11: the template DNA was extracted from the pyraclostrobin sensitive
strain (S). Label 2,4,6,8,10,12: the template DNA was extracted from the isolates of
Colletotrichum gloeosporioides with the G143 A mutation. a: LAMP product detected on 1%
agarose gel electrophoresis. Lane M represented the DL2000 DNA marker; b: HNB-based visual
changes in colors. The positive samples were pointed out by red arrows.

a S7 S8 S9 $10
S E198A| S E198A| S E198A| S E198A

1 2 3 415 6[7 8

2000bp

500bp

b

Negative
Positive

Positive Positive Positive Positive Positive

K 5.4 E198A-LAMP L 51 WL, SN 1,3, 5,7 oA 0] H R B R SUR ) R e e
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T DNA Bt RME 2, 4,6, 8 &4 B198A J: K B F 455 SR 1 DNA F 5. a: LAMP 2
L= H UK s b: LAMP S R4l 404k HNB St 4],

Figure 5.4 Deter mining six sets (S7-S10) of loop-mediated isothermal amplification (LAMP)
primers. Label 1,3,5,7: the template DNA was extracted from the thiophanate-methyl
sensitive strain (S). Label 2,4,6,8: the template DNA was extracted from the isolates of
Colletotrichum gloeosporioides with the E198 A mutation. a: LAMP product detected on 1%
agarose gel electrophoresis. Lane M represented the DL2000 DNA marker; b: HNB-based visual
changes in colors. The positive samples were pointed out by red arrows.

5.2.4 G143A ERRIERE LAMP &l 5 & &4

G143A BRI LAMP A& e B il B 15 By 58.0 °C59.0 C+60.0 C
61.0 °C. 62.0°C. 63.0°C. 64.0 C. 65.0°C. 66.0°C. 67.0°C, & FFUIIEE =
F 65.0 CHI RN AGEHEAT, 62 CTH| 63 CHERNEFHIEAILIAE, Sk HE K
ST . 7F 62 C 25 N B R MATA] 200 30, 40, 50, 60+ 70. 80. 90 min.
G5 B RILE 62-63 "CM T KB 40-50 min EPATIA RS2 H i (1 5.5, 8 5.6, ).

5.5 B RONAR LI, ROBGRE 380N 58.0°C . 59.0C . 60.0°C.61.0°C.62.0°C
63.0C. 64.0C. 65.0C. 66.0°C. 67.0°C.a :iEHEN HNB R ZEE; b &EH
JEZ AR A P A 0
Figure 5.5: Optimization reaction temperature of the loop-mediated isothermal amplification
(LAMP) for detection of the G143 A mutant genotype of Colletotrichum gloeosporioides (a)

HNB-based visual changes in colors from violet to sky blue. (b) LAMP product detected on 1% agarose gel
electrophoresis. Lane M represented the DL2000 DNA marker
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5.6 SRS RN A, BREER )43 354 20 min. 30 min. 40 min. 50 min. 60 min.
70 min. 80 min. 90 min. a: SN [A)f) HNB 2R (0 Bsb: S SEET [A) A e P kA 1
Figure 5.6 Optimization reaction time of the loop-mediated isothermal amplification (LAMP) for
detection of the G143 A mutant genotype of Colletotrichum gloeosporioides. a: HNB color
changes in the LAMP reaction from violet to blue. b: LAMP product detected on 1% agarose gel
electrophoresis. Lane M represented the DL2000 DNA marker

5.2.5 G143A HE&RIERHE LAMP KR
10 fE b6 B AR RE IR H A% DNA, {f DNA ¥#Z 9 10, 10x10", 10x1072,
10x1073, 10x10™, 10x1073, 10x10°, 10x107 ng/uL. 435 A N#HR ,, 347 LAMP
AIPCR #14, XfLt LAMP Al PCR IR BUE, SiRERMARE T, Gl43A R
A LAMP A& AR ARKE M FR A 10x107 ng/ul, PCR FHRAKAEMER A 10x1072
ng/uL. LAMP ¥l L% # PCR % 10 .
a 1 2 3 4 5 6 7 8 .

|
AR

2000bp

250bp

5.7 LAMP REUEF PCR LLER. RNFE 1-7 4358 10 MBI ZLR =1, & 1-8DNA IRk
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4: 10, 10x10°7,10x102, 10x103, 10x104,10x10°5, 10x10°°, 10x107 ng/pL. a: R EER M HNB
SRR ], b LAMP R SBUSEAS P BER A Pk Al B o: PCR R 502 AGHN e P R 14
Figure 5.7 Sensitivity of LAMP to detect the G143 A mutant genotype of Colletotrichum
gloeosporioides compared with conventional PCR. Lane M represented the DL2000 DNA marker.
A serial dilutions of DNA templates containing 10, 10x10°!, 10x102,10x103, 10x10, 10x10°5,
10x10°, 10x107 ng/ul in a, b and ¢

5.2.6 G143A HLELRIER R LAMP Ao i) AR B

BT ERGER, 10 Mok @R FH XA Qol ZKAH I [FIMURZR B TR R
JELI B R AR ) DNA 54T 7 LAMP il Horb 5 BRXE QoI 88 T I It B g aR
JE B MR AR T G143A. 2T HNB [ A4L, 2RI LAMP A& 2 i 2848
PRER R BAME R RLI), BURI TR SR TESE R, 5 MIC 455 (B MIHIRED
Fm e R — (K58, K52

a 1 2 3 4 5 6 7 8 9 10

ywVvywuwyypw

Ak AR
hodh

opg/mi 5ugiml 20pg/mi 100pg/mi

L

5.8 J@iL LAMP A1 MIC A 5K 5 A R 38 X 458 1) B0 RE SR B I Pk G143A SR M. a:
LAMP Jz % () HNB B8 1k, 1-5 B HA G143A RABMTAE I I, 6-10 FXT Qols
TR B BIEA B b: MIC J7vAR A RE i, S R Qols UK E I, R 7R Qol Hitk Btk

[ 5.8 Colletotrichum gloeosporioides G143 A mutants from different geographical regions were
detect by LAMP assay and MIC testing. a: HNB color changes in the LAMP reaction. Labels 1 to
6: isolates with G143 A mutation of C. gloeosporioides, Label 7 to 10: C. gloeosporioides isolates
with Qols-sensitive. b: MIC method detection field samples, S represents Qols-sensitive strain, R

represents strain of Qol-resistance

53 g

AR FI T A 5T Qol 57 T 77 B85 2 JELIS B LAMIP Ran il 1) 15 IR
ST R, LAMP 519 DX USRS B R v TR LAMP
TP PRTIE SR, Xof A [ Hb 37 B SR ) (10 B2 A JEL 0 T BRI R, 350 RS S M A L
Gl43A RAZTE R, BHIART 7L A LAMP 4 2 Al DUR E R .
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KA AR T — R R LAMP 314 (S8) FH Sk B2 25 5 S i 1
ST FFKIESR B BT E198A FEFER, ANk RAET LR MBI, GHAREL
WARZDD , RERRF A E198A FA B E A8k W FHizatEmEn
LAMP 50, Z 5160 ARG T 2% T % 45 B AR B8 T B HU ok R DR 2 R 1 77
F200Y ZRAKK) LAMP K&, 76 LAMP 514 FIP 3’3 3 3| 5 AL AL 5] N A5
DR, NI RCIOAS I SR A T 3em RBCEEE, N T 3514, Al I e
4555 3] 15 mint'4115),

EH Y NTE G BT A R AT LS TNIR 5 W05k 46 Ji S S 1], {EL BT R 25 {15 FH
P JRRE: B30 o ot B 135 e 2 LAMP A o — K7™ 8 i) 781, A 70K il HNB
Yukl, WG THH SYBR T 4k T BT SN IE SRARFHYE, 1] Tao SAIRIE T —
T LE e NP AR 2 BB & A U DNA 26644k SYBR Green T A5 I i 5€
TINBHEE) LAMP RBVE S, B RS AIEATE bk, 75 R SL8hE A 4y
KA BN LAMP JRATR, FEHEG T —FA S E 0 RS EE, KRD
TABRBH T G130,

M ARTREFRIF R T —Fdt Qol 278 & 7 BLAE RIELIT b LAMP K l4A &,
DA% i ide tH — 4020 I WK P 288 3% B ) B A AR JELJA 1 LAMP Rl 514, (H AR Tt
TR R o9 R B RTINS B A AR W A A3 R P A T B % ) SRR 5
WE, AW U — D S B R A 24 P9 3 1Y H R] LAMP A& 29 5 B A
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6 BN DL

6.1 BT —HMIHN LRSI (LAMP) WA R, RSP N K H
E I B-tubulin 2:F I E198A SURFEFE IR E R =P , BT
198 1. GAG—GCG, Wi 5L 5 P4e = A Y E198A SARMA, K 2599 18] E198A
FEH) LAMP Rl )i RSk 8 64 °C, 60 min. % LAMP FIRCTURR Ky
100 ¥ U1, #& PCR ) 10 5. LAMP &5 5RIX 7370 S A 4 R A, R T
AT LAMP # 5 4 K 00 1 E198A RASKT DAL S| 100 %Ik HiTE .
LAMP FX 435|595 J PCR 45 RR I, WivLE A [F)F= X [ 5 AE K B o R
F LR B8 77 2R AT B AT R Bk 68%, o K #f4) N Ben R1 BB #E, 3L
B-tubulin 3£F 1 198 (%15 T H GAG 2484 GCG (E198A) , /b# Ben R3 %Y
Wk, TIUN 198 LT H GAG 74N GTG (E198V)

6.2 FLT LAMP PUsfrilfR R, F-T B )2 %) 1 R 0T FH A 22 0 A 1R B
FARWA (Qols) [HTIE IS AP A S KIS T A%, R E & H A~ LAMP A2l
P GI43A-LAMP g #ERA R I 2 K B0 B 6 Qol 2R B 7L B A i BE PP
G143A TRk, KL RS X /rifEy—8: = BCbild3 / 144 - LAMP féfa
I HE AR 3 % 78 cveb FER L BCbil43 / 144 &1, Bl 45 5 5 PCR ¥ 19 45 5 — 3.
LAMP 5 B R N 44N 61°C, 50 min, LAMP #JER A 100x10* ng /ul.
i ] ALL-DNA-Fast-Out 7€ 10 min P FH ()RR 5 HE4T B AL 385 B 355347 LAMP
W, CAsgBl—Sikdadiiail. B2, RRE 7 —HRERE LAMP
ERGE, FTRBFHEN Qols A B AP KUK VP A R0 s I F A1 B 24 7k

6.3 R T —F B T MR F A F A RIEH I LAMP SRS 4
%, KM LFD (BEFMRIRAR) KR 2 IR &5k, S a P 5e s |
IRE R AT AR R . AR T 45 REH, AEZRIEPUIFEATAE 1 h 5SSk, k)
PRTHRS I FE JR) B SR 19 E 1

6.4 DX A3 TH BV A I BT A48 AN IR M [X B 2 T B %o PR S B R I K
PRSI 88.2 Y%, Fril B PR AR I A PR DY, Ben R1 BUHEBE,
B-tubulin &K I 198 £ %5 F HH GAG R4F 9 GCG (E198A) Fl Ben R2 YR %,
200 FLEDF TTC—TAC (F200Y) 5 BAEHIEI B 0] L Pk o B AR 2R 16
Qols RN IPIHESZ R 71.0 %; & T LAMP PJOERIE R, 14Tk
RESEAE, T4 5 ARG B S A 0 JH 0 Qols 28 B AP G143A RAZFHEA
B AN [ R A7 B A (R B AR A U &5 SRR X R A S R — 8, R
LAMP R ZERIFIIAERIEE; Tk —2 LAMP 5140 F TR0 B A2 5 0 1 K
FRIRMEK T E198A AU AE{A,
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Table S1 Detection of resistance to thiophanate-methyl and pyraclostrobin
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