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REEMEXN _BEETEREREFERN
AS-PCR 'R %E #& Ml 357 R

X, BRE,  AFEY, BFEHE',
Fa3E, wmRF,  EHC, sl

L PoRg R HEMIEEE . P BT 6440005 2. PHEIRY: MR 2BE . IR 400715

HE: AERZA—HhADHEHRANR . RELFALNAARE, AL AN REAEFRRERMA., W T =Tt
EHEFZEMNDCE) W 2R, AN HREASLCE AT HRGME, HhEen kH 8@ s DCFs #tk. &
TRBEHEE BOSI ARy 5 %K 13655 A [365N, &2 T — & H H W 2 DCFs 4tk o9 45 5 B 4 7 PCR
(ASPCR) Beik o F A4 M F ik, &b, L BOSI AR A3 f % Fm5l 4. RExT PCRKAWEBRBE, A
A3\ M5 4G YR R AT AL, AT RBE A R AT, RE A A ik R AR E R R
A DNA 4T abm, &R AW . Ed 47 H 314 [365S7F, 1365S-8F #= 1365N-8F 4 %1 5 3| 4 1365-R 4

SRR A 5] M 3E T A AR ] R 13658 A= I365N Ik B Ak, RIER KB AN A H 57 C . 58 CH 58 C; métél%iﬂ%

FHRF Mk BRI 12, RRBESHNAT ng/‘ul 70 ng/pL #= 70 ng/pl, S A A4 A A NaOH 2L # %

ik JTICE ) W bk DNA #H47 25 m, L4 R 50 1%»’&%~5i VA ks BB % ASPCR 3 A B A% F i
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Abstract: Gray mold is a common fungal disease in fruits and vegetables caused by Botrytis cinerea » which
causes great losses to agricultural production. Due to the widespread use of dicarboximide fungicides
(DCFs), B. cinerea has developed resistance to this fungicide. In order to rapidly detect resistance of
B. cinerea to DCFs, we developed an allele-specific PCR (AS-PCR) rapid molecular detection method for
the resistance of B. cinerea to DCFs based on the point mutations 1365S and 1365N of BOSI gene. First,
we designed specific primers with BOSI1 gene as the target sequence, then optimized the base mismatch,
annealing temperature, the concentration ratio of internal reference primers and specific primers of PCR
system, and evaluated the specificity and sensitivity of primers. Finally, we used rapid extraction method
to extract DNA from field samples for detection and application. The results showed that the primer pairs
composed of the forward specific primers 1365S-7F, 1365S-8F and I365N-8F respectively with reverse
primer 1365-R could distinguish the resistant and sensitive strains of 1365S and 1365N mutation, and the
optimal annealing temperatures was 57 ‘C, 58 ‘C and 58 °C, respectively. The concentration ratio of inter-
nal reference primers and specific primers was 1 : 2, the sensitivities were 7 ng/pL, 70 ng/pL and
70 ng/pL, respectively, and the amplifications were specific. The results of PCR detection with DNA
extracted from field strains by NaOH lysis method were consistent with the sequencing results. In conclu-
sion, AS-PCR technology has the advantages of strong specificity and simple operation, which provides a
feasible and rapid detection method for monitoring the resistance of gray mold to DCFs kind of fungicides.
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A RIFBEROERS, IFE 20 e 70 R E WS AR ETT S, EEAHE T R . R R 205w
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245 b SR A 11 0 R0 8 0 TR I 8 R 1 7 g UM AR R I ik 90 %6 LA by 2018 4, R R BLIL T X A
POV E] 9426 LA b5 2021 4, DU B 44 61 B8 %3 i 25 A HUE SR K 809615 2022 4, VLR K A 4 L 1A
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Z, TG BN A B R TR A S AN R B S FE T AR D TR 2 0 7 A R 2 R v R S TR Y
PZAF R AR S B, Orth VYA DCFs $ I vl 805 P8 45 0 00, HL 0 B 007 4 0T i 5 00401 103 401 4 R
PG CTCHEK) A ¢, BT H A o 41 2 R il 5t 5~6 A~ # 2 HAMP X, HisKA, HATPase, REC
2 P SR A B (R 26205 24 300 5 MO A ARG B9 VR R LB S BRL R L A A T U ) 4 R R T A
WA AL 8 XA 43 4 SRR O BOST . Sy I8 45 85 (1 BRRG-1. 2 43 24 7 76 1k &% 11 34 (Mitogen-activated-
ProteinKinase, MAPK)BOS2 #l MAPK (i BOS4, BOS5 % f Z ot 4, {HAX X4 43 41 & R 3 B BOS1
%t DCFs it /e A . B, RZ058 & 0 0 WAL5r 412 BRI BOST N 5F X 35k HAMP i %8248 &
SN A 45 A % 2% S K TR R BT 1 7= A o 3 3k X E R [ [ SR b R 4 Y K M A 7 T DCF's Bt M A0 B0 7 ik 1Y
DNA 581, % SH0 P78 bk b 23 B 7E 78 BOST 3 365 {3k 369 1o 2 Jk 2 £ #: %' Banno 2™ fl Ma
AU R W BOST | 13658V, V368F, Q360P Fll Q396H %878 5 DCFs HiPEA 3¢, BRiZ I AR
ARAL , HAHTE LT 0T A 2 T B2 M A CANVEE RS FRER ) o RS FR AL I T A A A 4 7 6 T P A A
Kl ., ME MR BOST FAFTER A8 A 1365N/R/S, Q369P/H, V368F, N373S il T447S %, Hrp
365, 369, 373 L ZHEMR M 5L fie W L, 3k BE AR o fdt HAMP X I8 1 25 [A) A8 G S A= 0728 M T 5 BOUIR 75 9
BIXE DCFs 72 A A ] 2K S B9 07 o0 45 50 o, 3 DK i XK 4 2 488 38 Xt DCFs $i ¥k BOSTY™S |
BOSI™™N G578 i AL, Hfl4r 51k 37. 5% F 52. 1%,

S bt Y fif A0 B M DX 2 M R SR 0, T AR A 4t SR o 2 SR, DR b AR o D T T 24 1 A PR A
5 Al AR U Ry L R T R BT A% G O AL R TR VR BLAR TR L T T Rk TR Rk R A vk
AR Ry TR A I R B L R S RORAL . Ar T Dk LA AT B P R S O A
S R S PCR(Amplification Refractory Mutation System PCR, AS-PCR) & — Ffr =5 3 1 46 I 2.
BAF MR A 1 4y FHR . Z O R BRAVE T B . R S R0 . A A X IR, 522 PCR AU B i 56 Jie rl ik B vl
SERCRI . A Ma 2550 BT R R A B DT R AS-PCR 2 A A3 s Zh A I T P 0 B X S I bk e 2%
AT B 5 TR X 22 T 8 D % AR S G T R R A B TR . AR 9 3 T KA 4 4 1 DCFs Bt
PR AR #LAR BOST FEH 1365S Al 365N 5848, FEr 1 Al PRk A 40 1 8 Ak 19 AS-CR B AR I-44 FoAm 26 i
FIT H v W, 5 78 52 B b X K 49 J8 B DCFs PPERF AR A7 3 2 Wi

1 #MRERE
1.1 #HikEk

TR BOST ™ 5 A8 B bk CS3. CS8, H9 Ml XM9, BOSI®™N i H bk B1. B31, B32 I
XM5, U R B05. 10, C25, Ipl F1 Ha; /NSRBI . m AN B . ORI I . s o . X B
REH
1.2 REHE
1.2.1 AS-PCR 3| #i% 3t

M NCBI W35 T 2 — W i 2 A% B 700 4 38 A 004 43 20 20 2 08 I8 149 9 % 5 [ BOST (JF 31 %5 .
AF396827. 2), JARIEHLIE R bk BOST K HAMP X 5 &5 978 13658 A1 1365 N (A8 & LK 1), [ if £
B T84 primer premier 5. 0 5E 851 9% 31, XF AR A9 248 J7 240 ) 35T H AR R AY I )RR SRS 8. K s AR
BT EIE MBI 37 K i, ARG AL ST 1~ 2 O EE BT e 28 1 45 5 1 0 i e S v, 5197 5
W 1, % 2, L CTAB A" 48 U i 4 16 fURK B4 Bk A B o4 BT vk DNA S B4R AT PCR 9734, 718 PCR
P R /N 526 bp,
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1365S

2260 2270 2790 2 800
BOSJ | 1 1 |
B EH — GAAGGTATTCTTGGGGGTCAAGCAGAAATCG—//—CCAGGGAGGTCGGAACTGATGGAACTCTTGG
P4 E#k —GAAGGTATTCTTGGGGGTCAAGCAGAAAGCG——//— CCAGGGAGGTCGGAACTGATGGAACTCTTGG
| 1365S-1/-2/-3/-4/-5/-6/-7/-8/-9/-10F 1365-R |
[ 526 bp |
13658 2260 2270 2790 2 800
BOS] 1 1 1 |
B HENR — GAAGGTATTCTTGGGGGTCAAGCAGAAATCG—//— CCAGGGAGGTCGGAACTGATGGAACTCTTGG
P B ——GAAGGTATTCTTGGGGGTCAAGCAGAAAACG——/(——CCAGGGAGGTCGGAACTGATGGAACTCTTGG
| I365N-1/-2/-3/-4/-5/-6-7/-8/-9/-10F 1365-R |
[ 526 bp |
1 AS-PCR 5| #¥i&it#R=CE
T 1 IRIE1365S HEBRRT A AEITHI AS-PCR 5|4
LY FH(5-3) 514 FF31(5-37)

1365S5-1F  AGGTATTCTTGGGGGTCAAGCAGAAAG [365S-7F  AGGTATTCTTGGGGGTCAAGCAGAGAG
13655-2F  AGGTATTCTTGGGGGTCAAGCAGAATG 1365S-8F  AGGTATTCTTGGGGGTCAAGCAGATGG
13655-3F  AGGTATTCTTGGGGGTCAAGCAGAACG 13655-9F  AGGTATTCTTGGGGGTCAAGCAGACGG
13655-4F  AGGTATTCTTGGGGGTCAAGCAGAAGG | 13655-10F AGGTATTCTTGGGGGTCAAGCAGAGGG
[3655-5F  AGGTATTCTTGGGGGTCAAGCAGATAG 1365-R AAGAGTTCCATCAGTTCCGACCTCCCT

13655-6F  AGGTATTCTTGGGGGTCAAGCAGACAG
W FRETRIC TR RARIE, FRETR RO RS AR 3 .
F2 IR 365N ZEBRRE A A iE1THI AS-PCR 5%

HLY| FH(57-3") 5149 B (5°-3")

1365N-1F AGGTATTCTTGGGGGTCAAGCAGAAAA 1365N-7F AGGTATTCTTGGGGGTCAAGCAGAE’AA
1365N-2F AGGTATTCTTGGGGGTCAAGCAGAAIA 1365N-8F AGGTATTCTTG(}GGGTCAAGCAGAE}A
1365N-3F AGGTATTCTTGGGGGTCAAGCAGAAgA 1365N-9F AGGTATTCTTGGGGGTCAAGCAGAC_GA
1365N-4F AGGTATTCTTGGGGGTCAAGCAGAAQA 1365N-10F AGGTATTCTTGGGGGTCAAGCAGA%A
I365N-5F AGGTATTCTTGGGGGTCAAGCAGATéA 1365-R AAGAGTTCCATCAGTTCCGACCTCCCT

1365N-6F AGGTATTCTTGGGGGTCAAGCAGACéA

W FEREFRIY R, FRFRI. L O R R
1.2.2 AS-PCR & R iR K& L # # &

B 10 X512 5 AT LA DX 40 S0 B AR NPT R K . 430 DA BURR B AR BOS. 10, BOST ™™™ #5258 A8 B b
CS3, BOSI1"™™ 9728 Witk Bl B9 DNA A#MR T AS-PCR #7931, ddH, O N2 X IR, 4519
BEE 8B KIRE 68 T, 67°C,66°C,63C,61°C,58C,57 CHISe CHIFFYPHE, RMIKZE . 2X Taq
Master Mix 12.5 pL, 10 pmol/L IEZ M 5144 1 pL, DNA ik 1 pL Al ddH, O M2 2= 25 pl; RV FETF
95 CHIAEPE 3 min; 95 CAEME 30 s, iRk 30 s, 72 CHEMH 1 min, & 34 IRAEH; 72 CALEM 10 min, PCR
B JE Y1 0 3R B S HL VK O 1 sk 4
1.2.3 %% ASPCR#F M35 NG ke s

Sy G BB B, AR LIRS AN S I YT 2 H AS-PCR Y 8. NS5 Wik B8 ITS 51
P ITS4(5'-TCCTCCGCTTATTGATATGC-3) Fl ITS86(5'-GTGAATCATCGAATCTTTGAAC-3"), K
S| YRR S E G I R BE LU A&y 1 s 10 12, 1= 4 f0 1= 5, BIFR G E N 10 pmol/L,
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N5 Yk 43599 10 pmol/L. 5 pmol/L. 2.5 pmol/L #l 2 pmol/L, KMAKZF 1.2. 2, FFHIE kiR
JE O die i 1R IR B
1.2.4 %% AS-PCR R AR & 4 57t 64 4]

FVEM G B S E . S RN SRR A L SR AR A . FURE A L R . R KRR
D R R 7 % 760 T Bk 7 T BE BOS. 10 AT T R (CS3 Fl B DNA FE A, Sk 2 FIFEE A 1. 2. 3.
1.2.5 % % AS-PCR B4k % 3 8L 65 4% m

1 B2 I PP B R DNA B B B B R IRV 9 10°, 10 'L 10 2L 10 L 10 YL 10 T RI10 °, 7R
£ 7 4~ DNA V& & B0 5 54T AS-PCR N 2 B AGI , f o AR R RRR 7 [ 1. 2. 3,
1.2.6 AS-PCR #ml 4k % 69 3 4E

A 5% R FH 0 4 75 10 T B AR UEAT A IR R (9 36 3IE , B BOST ®%° (CS8, HY9 1 XM9) F1 BOST ¥~ (B31,
B32 H1 XM5) 5 28728 3 Ak FHEUR TE /R (C25, 1pl A1 HA) B9 DNA it , W IR R FRRFER 1. 2.3,
1.2.7 AS-PCR #& @4k Z & 8] 5

A 5E H) FH 76 5 DC T Jb A XA Bl 4l Bl (106. 44°E, 29. 76°N) SR 4 18 A5 K 55 995 5 5 . PR IO S i
(B 22 R T, SR NaOH 2k B P e sl $2 O R DNA, ROV AR & of DNA MRl 5 pl, H
b 1803 AN AR ¥ R] 1. 2. 3. H AS-PCR Kl 25 28 S B i 38 43 B bk PCR 9734 11 BOST FEH 7=k & 11
AW TR R /Y, KT 25 R B AR )T 81 5 NCBI A% E B #% Bo5. 10 il DNAMAN #5417
FHER LEXT

2 ZFERE5H5)
2.1 AS-PCR #RMH35#

FI R R AR A 2 A8 o S BB 519, 20 B LL BOST P A8 B bk CS3, BOST ™™ s 5878 Witk B1 M
J&TE PR BO5. 10 1) DNA R BIAR# 17 PCR 734, 519 % 1365-7F/1365-R H1 1365S-8F/1365-R ¥ H e 7E L)
BOSI ™S /5 2878 T bk BB AE 00 R 714 0 4640 (& 2a, 2b) s 514 % 1365N-8F/1365-R WX £E L BOST ¥
RO R R BN G0 T A RR Y HG  A5 (] 200 U R AL 193X 3 2 51 W AT X A UBCRT B PE TR AR, HR

. X 3 A G B TR Sl .

M 123456789 1011 121314151617 M 1234567829 1011121314151617
2000 bp

1 000 bp
750 bp
500 bp
250 bp
100 bp

2000 bp

1 000 bp
750 bp
500 bp
250 bp
100 bp

C
a. b A 1365S 248 da Yk &1, B4 B2 1365S-TF/1365-R ., 1365S-8F/1365-R. ¢ Jg kil 1365N 58748 )7 s HL ik 4, 519 %) A 1365N-8F/
1365-R. ¥ki M: 2 000 DNAmarker; 1: ddH,O X &, 2~9. SURE# DNA HEH, 1B AR E /510 68 °CL 67 C. 66 C. 63°C.61°C.
58 “C, 57 CHI56 C; 10~17: PUrETEH DNA JBiR, B AHEES 68 °C, 67 C, 66 C, 63°C, 61°C, 58 °C,57 CH56C,

E2 HRUSIUHN_ABmTERRE/SRERTEER

2.2 REMEBANEE
DL BOST " 5 28 48 T #k CS3 . BOST ™" 5878 B #k B1 MU E Bk B05. 10 A M. 76 A AR k
WETHATY B, BkEEEmE 2, 51 %X 1365S-7F/1365-R #1 1365N-8F/1365-R 7F iB & Ji& & N
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56~68 CHIREY 1 H 44 (F 2a, 2¢), I X} 1365S-8F/1365-R 7R K& Ry 56 ~61 CH} 4% H
ZAr (B 2b), HIE 2arh 16 JkiE . b Hl o v 15 kI8 4570 fe e, I &€ 51 W) % 1365S-7F/1365-R 1R kK
MR 57 °C . 1365S-8F/1365-R #l 1365N-8F/1365-R i Kk Ji & 4 58 °C,
2.3 %E AS-PCR IS5 ¥iRE

FUE M A 514k ITS1/1TS4. {H
TZAGI WY wEMANS R BN
b Be 22 BE AN K, 7 I T 8 B W vk 2E AT
R Ey vk X Bt h BB S W E R B
it LA WF 98 3% F 1TS4/1TS86 1N N 2
19, JEFIFHZ 458 H 51 5 R 5 5
Wit Z = AS-PCR ¥4, M4E 5 M 5]
YIS NSBI YR E BN 4 1B, & M: 2 000 DNAmarker; 1: ddH, O X f8; 2~5. BRI A HURE R 6~9. BT
R BR B L E Py 2 2 e sy TR RELAESEERUA S SI0IE IR 101, 2
HOBIH 2 s L. R b B b S B3 mEsthRRRR
oy Ao e HE AR e (| 3) . Bk, m&HE NS5 SR TEsIRERGI Ry 1: 2, IS
I EE N 5 pmol/L,
2.4 %EAS-PCR S

AHIF T A ) 6 T DL KR 5 75 bR E T R BOS. 10 AT HE R bk (CS3 Fl B X% AR 2 19 45 Sk vE 171
B s G0 DLz R bR A AR 54T PCR &3, 25 ANl 4 frs, Hoa, b Fl e 435 6 R 5 | ¢ %) 1365S- 7F/1365 R,
1365S-8F/1365-R il 1365N-8F/1365-R, H A PLIERMRAEE T 1S e P FIN 2 2 Bl &y . LM F0pR 3 HU g
PG NS, IR R BA R R,

M1 2 3 4 5 6 7 8 9

1.4:1HM5:1

2000 bp 2000 bp
1000 bp 1000 bp
750 bp 750 bp
500 bp 500 bp
250 bp 250 bp

100 bp 100 bp

2000 bp

1 000 bp
750 bp
500 bp

250 bp
100 bp

v

a3 Y%t 1365S-7F/1365-R; b-5|#)%} 1365S-8F/1365-R; 5| ¥t 1365N-8F/1365-R., M: 2 000 DNAmarker; 1: ddFH, O X #; a, b & 2~9. #
2 A U R BOS. 10, 13655 2848 J s bk CS3., /N ARG . RS L R MU 18 . A% B0 L o SR ST T PRI T 5 o TR 2~ 91 MR
TPURK T #R BOS. 10, 1365N 2848 Iy AT vk BL, /N2 AR BRI . AR T A sl o1 L A% TR L o0 SRR D IEL S T R RERE A 146

B4 FAEMEEREHAEN - REBTERXEFTYE AS-PCR &4 R 594 F 1440
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2.5 %EAS-PCRHIREE

W Bk B RRASE AR (70 ng/p L) B BERG B S5 HEAT 4G, HUKES R ILIE 5, a hg Y%t 1365S-7F/1365-R 7] 7
R 107 WHP 3 A v 45, b A ¢ R 5 ¥ %t 1365S-8F/1365-R il 1365N-8F/1365-R 7] 7 i B Ji& Ny
10" WHy 8 R S A, RIS XF 1365S-7F/1365-R, 1365S-8F/1365-R Al 1365N-8F/1365-R (1) 52 £ & 43

HHA 0.7 ng/pl, 7 ng/ul. f 7 ng/pl,
M 1 2 3 4 5 6 7

2000 bp
750 bp

1 000 bp

500 bp 750 by

500 bp
250 bp
100 bp

250 bp

100 bp

2000 bp

1 000 bp
750 bp

500 bp
250 bp
100 bp

c
a PG PX} 1365S-7F/1365-R; b sh g 4f 1365S-8F/1365-R; ¢ Hr 5| ¥y % 1365N-8F/1365-R, M: 2 000 DNAmarker; 1: ddH,O X fiit; 2-7:
B Jy 10°, 107 1077, 1077 107", 1077 AT10”°,

Es5 REFAEN_PABIRFAEFRYE ASPCRENTRNRFERD

2.6 IHF AS-PCR # iUk &

ARWFFE 1 ek A 3 BRBUBR B R (C25., Ipl A1 H4) A1 6 Bk 43514 1365S(CS8. HY Fil XM9) | 1365N(B31,
B32 Fl XM5) %42 7 AU HTHE T AR OR A I X 4 A 51 45 ERRE . WK 6 Frzs, a. b Fl ¢ 43 Bl % 514
Xf 1365S-7F/1365-R ., 1365S-8F/1365-R 1 1365N-8F /1365-R, 3 £H 5| 75 L0 1 1 bk g 455 b 1) 56 00 T 24 g ™
Wk 2 Al s 7E DABURBE bR BRI 00 T HREY 1S i 1 Z%a . Ul IR R AR A5 X4 B M AU BT BE
2.7 HIER A AS-PCR # ik &

1 FH )R AR A REAS BRURE 57 S JFRLEE DNA g BiHR 64T PCR A, & B rf 13 ASFEACHT 7 1365S Al
RR PR 2 2% PCR =¥ (B 7a-7c) , HUPER R ELBIR 22. 8 %05 22 NHEATIAE 1365N A il 44 & Az i i
2 % PCR /=¥y (|l 8a-8c) » HLPETEMK Ly 38. 6 %0, U W]k Lo kA rfv ] BB 43501 % 45 1365S Fl 1365N 5 48 J5
BT HERIE . SRJ5 9738 L xE AS-PCR 6 DU Sy BH P (9 35 43 T Bk 9 BOST R, B GiF 40 ¢ 58 05 =053 5 ok
1365S (& 7e) Fll 1365N (& 8e), LA 45 SR UL A AS-PCR A& I A 28 AT LB 3 of: o b 137 T~ P i) 0 75 7 60 B
PRI Y A B R
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M 1 2 3 4 5 6 7

2000 bp

1 000 bp
750 bp

500 bp
250 bp
100 bp

2000 bp

1 000 bp
750 bp

M 1 2 3 4 5 6 17
2000 bp
1 000 bp
750 bp
500 bp
250 bp
100 bp
a

M 1 2 3 4 5 6 7
500 bp
250 bp
100 bp
a~b. FTHGIP5 5 R 1365S-7F/1365-R+1TS86/1TS4 il 1365S-8F/1365-R+1TS86/1TS4; M: 2 000 DNAmarker; 1: ddH,O X} 1#; 2~4.
M SRR TR R C25 ., 1pl M1 H45 5~7. B P TE#E CS8. HO M XM9, c: i 51 %) 31365N-8F/31365-R+ 1TS86/1TS4; M: 2 000
DNAmarker; 1: ddH, O Xf 85 2~4. B BURE Bk C25. Ipl A1 Ha; 5~7. BARCKFIMEE M B31, B32 il XM5,

B 6 &% iE ik E 2 AR = BB IR R EF R E AS-PCR /&4 & M 45 B 1E 4

M123 4567 8 910111213 14 15161718 1920 21222324 M 1 48 49 50 51 52 53 54 55 56 57 58

2000 bp 2000 bp

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

M1 2526272829303132 33343536 3738394041424344454647

2000 bp
E
100 E

IO FAAEVTRVARDVGTEGI LGC K,i/\lf
IO FAAEVTRVARDVGTEGILGGQAE

(54
a~c 1 J ddH,O Xf &; 2~58 Jy 57 NI #E; d N RFEM HEIFEAS ; e 2y 1365S kil 519 % 9™ 1 J5 (0 77 25 5% .

B 7 BOSI"™™® SRITE# AS-PCR #&l{k Z A M E & B 51%IE
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M12 34567 8910111213 1415161718 1920 21222324 M 1 4849505152 535455 5657 58

2000 bp
1 000 bp
750 bp
500 bp
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5% 3 FUTZ B AR LA I P25 PR #R . 40 Munoz %5 | Yin Z5 H Oshima 2855 43 591 0 2h F) 2 3
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I S S I . AT 07 2 L AR 68 R S e A 0 £ e R R 1 5 X

R BB A AT SRR BIA NS 5t fT £ E AS-PCR., A &8 B H 51 9057 s Ab AR AR 5
U R IEE FRT . WS % o TTS1/1TS4, %N 251 W6 K %5 5 h 34 2= ) 5 5 S v 51 4
PGP AR 22/, BV TERE X ), Jl R ITS XN Z 5| Wik, B0 1TS4/1TS86 BIME R NS T £
# PCR. W55 AT LIARSF s HEBR AR B P 9 T4, LA 29 7350 . DNA B8R 55 50k, (Bl T AR 5]
P TE R — 1A 8 v ) B B8 A7 AR AR R R 3 . i AR 2 PCR P 3 7 b 35 B W 4 S L Rl 2
I B ) AR R B RS RN S5 B 4 ¢ 1 RSO RRER, Bl PN TEREEZ AL
BAMEA R AR ZESSEOR I WY WAL, Tl s &R BRI S5 1TS4/
ITS86 WEELLBI Ry 2 ¢ 1,

R S A 2 B, AR U AR RT LA f Af t B [] A 8 AR () R A v G 3 DCFs B0 B vk . HL A AR & 1
eSS Re s ST [ R SEBR R, K CTAB Rt #2 DNA 1Y 5 36 B 4 o b i f $2 19 NaOH 2R ik,
V5 FH 8] AR AE AN FE AT 23 B9 4l A5 00 T ML 82 DNA PR S BB #E 47 PCR A, 47 39 10 45 S5 14k 2% 00 A0 T Bk A
BOSI1®%° | BOSI®™N pi2878 , FLZK 25 e 5 00y 25 R — 5. X i fb 706 IR B DNA $2B0CE 9%, 4608 T 4
VRS IE] s 7546 00 B o 7 B bR 3

Munoz 55" 1 2 X 514 3 B A I K A 4 96 B B R O ok s R B ) B AR E198A MR A
WAk, BXTSI R 1 & 3 KR TR L L NSI Y, W&GI YT AR, H A8 TR TR 3 A
(R GE AR s SAMPI & hEHAN G Y, HM &SI SR SMBEEAN —H, X, £R
Nt A L JE e R D ASE Al Ay 5 AR A B AR A LY R T AR S PR, B R B R — ., Bk,
HRAE B 38 1 0 R B B BT I T ke Ak S AR A, R R RREA TN 1 Rh e AR X, HAT. A
FE T B 2 X5 BIAE 2 SR R K BOST S Fil BOST PN 5 98 78 B bk #E 4T IX 43, Al SR B L ik
Munoz %" 1 J7 SR BEATA P S 514, B AT 76— A~k 28 08k B 18 B 4 1 90 (0 5 0 SR TR Bk G 2 e
Iy

SE

[1] ALIZADEH H R, SHARIFI-TEHRANI A, HEDJAROUDE G A. Evaluation of the Effects of Chemical Versus Biolog-
ical Control on Botrytis cinerea Agent of Gray Mould Disease of Strawberry [J]. Communications in Agricultural and
Applied Biological Sciences, 2007, 72(4): 795-800.

[2] WILLIAMSON B, TUDZYNSKI B, TUDZYNSKI P, et al. Botrytis cinerea: The Cause of Grey Mould Disease [J].
Molecular Plant Pathology, 2007, 8(5): 561-580.

[3] AVENOT H, SIMONEAU P, IACOMI-VASILESCU B, et al. Characterization of Mutations in the Two-Component
Histidine Kinase Gene ADNIK 1 from Alternaria brassicicola that Confer High Dicarboximide and Phenylpyrrole Resist-
ance [J]. Current Genetics, 2005, 47(4): 234-243.

[4] DUANY B, GE CY, ZHOU M G. Molecular and Biochemical Characterization of Sclerotinia sclerotiorum Laboratory
Mutants Resistant to Dicarboximide and Phenylpyrrole Fungicides [J]. Journal of Pest Science, 2014, 87(1): 221-230.

[5] JIANG ] H, DING L S, MICHAILIDES T J, et al. Molecular Characterization of Field Azoxystrobin-Resistant Isolates
of Botrytis cinerea [J]. Pesticide Biochemistry and Physiology, 2009, 93(2): 72-76.

L6 MUHVL, ESCHF, Dol S, et i i 5 i ms fk & e VR 0 0T 0K A 4 70 i S U AT [0, AR 245, 2016, 55(3): 211-213.



% 4 XNEW, F. AW EHRE T FELE I EZE A F G AS-PCR Bk w3 K 111

(7] #Wlss, &7, IMa 2. S RV B 2050 W W e 26 R T R i B v 4 F AL [T, AR, 2005, 15(5):
95-97.

[8] MAIA J N, BEGER G, PEREIRA W V, et al. Gray Mold in Strawberries in the Parand State of Brazil Is Caused by
Botrytis cinerea and Its Isolates Exhibit Multiple-Fungicide Resistance [J]. Crop Protection, 2021, 140: 105415.

(9] RMT. HEE. PRA, S5 F5 A0 W85 e 1 0 T 85 ) 0 Bt 24 PR A I K A B = IR E Y [T, R %4k, 2013, 15(4):
398-404.

[10] A, 37748 7 bl I 0 T X 8 8 M) 25 M AL TR B e A I AR5 (DD TR BH . sk AR K%, 2018,

(110 BEHR, RFM, 2 or . 55 W IRRG 6 80 e X 4 R R A o s A (1] MR 4, 2021, 47(4) .
180-185.

[12] Wu, SRR, SRE SR, 5. TLIRAE S B AE IR B AP A 2 25 R o pe el ()], o AR SAE 4R, 2022, 38(14): 110-117.

[13] CUI W, BEEVER R E, PARKES S L., et al. An Osmosensing Histidine Kinase Mediates Dicarboximide Fungicide Re-
sistance in Botryotinia fuckeliana (Botrytis cinerea) [J]. Fungal Genetics and Biology, 2002, 36(3): 187-198.

[14] LEROUX P, FRITZ R. DEBIEU D, et al. Mechanisms of Resistance to Fungicides in Field Strains of Botrytis cinerea
[J]. Pest Management Science, 2002, 58(9): 876-888.

[15] MA Z H, MICHAILIDES T J. Advances in Understanding Molecular Mechanisms of Fungicide Resistance and Molecu-
lar Detection of Resistant Genotypes in Phytopathogenic Fungi [J]. Crop Protection, 2005, 24(10) . 853-863.

[16] ORTH A B, RZHETSKAYA M, PELL E J, et al. A Serine (Threonine) Protein Kinase Confers Fungicide Resistance
in the Phytopathogenic Fungus Ustilago maydis [ J]. Applied and Environmental Microbiology, 1995, 61(6):
2341-2345.

[17] BR& %5, F46, M E, &, KAE S W B R WA R gt [T MY, 2009, 35(3): 16-19.

(18] ™75 . AR I A 43 H A MR IG5 5 i 42 b 1A S ER L A Th R 98 (D, AH . WL K%, 2011.

[19] LIUW W, LEROUX P, FILLINGER S. The HOGI1-Like MAP Kinase Sakl of Botrytis cinerea Is Negatively Regulated
by the Upstream Histidine Kinase Bosl and Is Not Involved in Dicarboximide- and Phenylpyrrole-Resistance [J]. Fungal
Genetics and Biology, 2008, 45(7): 1062-1074.

[20] CUI W, BEEVER R E, PARKES S L, et al. An Osmosensing Histidine Kinase Mediates Dicarboximide Fungicide Re-
sistance in Botryotinia fuckeliana (Botrytis cinerea) [J]. Fungal Genetics and Biology, 2002, 36(3): 187-198.

[21] CUI W, BEEVER R E, PARKES S L. et al. Evolution of an Osmosensing Histidine Kinase in Field Strains of Botryo-
tinia fuckeliana (Botrytis cinerea) in Response to Dicarboximide Fungicide Usage []]. Phytopathology ©, 2004,
94(10): 1129-1135.

[22] OSHIMA M, FUJIMURA M. BANNO S, et al. A Point Mutation in the Two-Component Histidine Kinase BcOS-1
Gene Confers Dicarboximide Resistance in Field Isolates of Botrytis cinerea [J]. Phytopathology, 2002, 92(1): 75-80.

[23] BANNO S, FUKUMORI F, ICHIISHI A, et al. Genotyping of Benzimidazole-Resistant and Dicarboximide-Resistant
Mutations in Botrytis cinerea Using Real-Time Polymerase Chain Reaction Assays [J]. Phytopathology. 2008, 98(4):
397-404.

[24] MA ZH, YANLY, LUOY, etal. Sequence Variation in the Two-Component Histidine Kinase Gene of Botrytis cine-
rea Associated with Resistance to Dicarboximide Fungicides [J]. Pesticide Biochemistry and Physiology, 2007, 88(3):
300-306.

[25] MA Z H, MICHAILIDES T J. Characterization of Iprodione-Resistant Alternaria Isolates from Pistachio in California
[J]. Pesticide Biochemistry and Physiology, 2004, 80(2); 75-84.

[26] DiWZ, RS, HANM, 55, VU1 RO R A0 B0 I 0 o He vk g B L) (0], s EROL R, 2018, 51(22):
4277-4287.

(27 k&%, DTHM. KB UL AL K TR 7 LT st g [T, AL HoR e, 2014, 4(4): 251-257.

(28] 28 %, B i R A% K B3 04 T 0 24 0 W Je pe 2 PEHLER I 5 (D], E K. Pipg R, 2023,

[29] ANON. Recommended Methods for the Detection and Measurement of Resistance of Agricultural Pests to Pesticides [J]. Food



112 THRFFHOGARBF R http://xbbjb. swu. edu. cn F 47 %

[30]

[31]

[32]

[33]
[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43] &

[44]

and Agriculture Organization Plant Protection Bulletin, 1982: 30, 36-143.
ANON. FRAC Methods for Monitoring Fungicide Resistance [J]. Organization for Plant Protection of the European and
Mediterranean Region Bulletin, West Sussex, 1991: 21, 291-354.
MA D C, ZHU J M, JIANG ] G, et al. Evaluation of Bioactivity and Control Efficacy of Tetramycin Against Corynespo-
ra cassiicola [J]. Pesticide Biochemistry and Physiology, 2018, 152: 106-113.
RAMPERSAD S N. A Rapid Colorimetric Microtiter Bioassay to Evaluate Fungicide Sensitivity among Verticillium
dahliae Isolates [J]. Plant Disease, 2011, 95(3): 248-255.
FE. TLANAE P TR R TR BTG AT ST (D], i3 AR R A, 2009,
PERCIVAL G C, BOYLE S. Evaluation of Film Forming Polymers to Control Apple Scab (Venturia inaequalis (Cooke)
G. Wint.) under Laboratory and Field Conditions [J]. Crop Protection, 2009, 28(1): 30-35.
MA Z H, YOSHIMURA M A, MICHAILIDES T J. Identification and Characterization of Benzimidazole Resistance in
Monilinia fructicola {rom Stone Fruit Orchards in California [J]. Applied and Environmental Microbiology, 2003,
69(12) . 7145-7152.
M. PR, B, BB R R Z RPN ASPCR KA [J]. MY, 2020, 46(6) . 136-143, 154.
SRAREE, PRk, JHAE. AF. ED R BN R N IO YRR R BT E M DR BAG IN U i [T MR F A, 2023, 50(1):
214-223.
CONLON B H, SCHMIDT S, POULSEN M, et al. Orthogonal Protocols for DNA Extraction from Filamentous Fungi [J].
STAR Protocols, 2022, 3(1): 101126.
A . R 2 B A0 TR S A% AR 22 T SR T 1Y 28 3k A T 1) DX /N 2 R B T R T2 M I (D], EE K. TH RO,
2023.
W, XUWF, SR, . T T4 B KB e B R R R R 2 M S s i [, AR 2, 2017, 56(9):
676-678.
MUNOZ C, GOMEZ TALQUENCA S, VOLPE M L. Tetra Primer ARMS-PCR for Identification of SNP in B-Tubulin
of Botrytis cinerea » Responsible of Resistance to Benzimidazole [ J]. Journal of Microbiological Methods, 2009, 78(2) :
245-246.
YIN Y N, KIM Y K, XIAO C L. Molecular Characterization of Boscalid Resistance in Field Isolates of Botrytis cinerea
from Apple [J]. Phytopathology, 2011, 101(8): 986-995.

Brge, PR, $O0755. S BRI UIEE AT 00 S 2Rl U0 TR A 28 A EOR Mo AR R i Ay g [T, AW R AR IR
2007, 37(5): 545-548.
HASHIMOTO M, AOKI Y, SAITO S, et al. Characterisation of Heteroplasmic Status at Codon 143 of the Botrytis
cinerea Cytochrome b Gene in a Semi-Quantitative AS-PCR Assay [J]. Pest Management Science, 2015, 71(3);:
467-4717.

REHIE I AW



