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Resistance Mechanism to Boscalid and Molecular Mutation-detection
Based on SdhB Gene of Botrytis cinerea from Strawberry
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Abstract: Boscalid is widely used in control of strawberry gray mold disease. However, it is at a high
risk of resistance development for Botrytis cinerea to boscalid. The resistance was mainly caused by
mutations of SdhB gene. The method of AS-PCR (Allele-specific PCR) is always used to detect point
mutations in DNA. In order to evaluate the resistance mechanism to boscalid of Botrytis cinerea from
strawberry in Shanghai, resistance strains in 126 isolates of 2018 were SdhB-sequenced. The results
showed 4 types of mutations associated to boscalid resistance in Shanghai, P225F, N230I, H272R and
H272Y. Among then, H272R and P225F were the dominant type. Therefore, for rapid detection, the
tri-primer including 2 specific primers was designed and selected based on AS-PCR principle, and the PCR
system was optimized to develop the method, by which the 4 types of mutations could be distinguished

from the wild sensitive type in one PCR reaction.
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HiRE KB (Gray mold disease) & f& 55 578 A 77 A ik e ™ B 1¥)995 35 2 — (Fernandez-ortuno et
al., 2012). HIEJEIKFE %1 (Botrytis cinerea Pers.) LSRR YLt 4. 3 N, FASE 200 RAEY,
PRI RIS FEAEAR, SR E KA (Williamson et al., 2007). HEIARR i 2 40151 571

(Succinic acid dehydrogenase inhibitor, SDHIs) &8 & B g 3 P 19 28 B 7, JHCan e $0 ] 9 1 28 4
PRI PR EAE SR (BRI AR, SDH) JEMHMERIREIE (FRAC, 2019a). W
MBI (Boscalid) & 2003 4FiE NI (WL e 22 SDHI, K8, XZBLHE)E (Sclerotinia spp.) -
BErsAt)E (Alternaria spp.) Hi % )8 (Botrytis spp.) ERIEHJE (Mycosphaerella spp.) =511 Ji 3
) BB A vE M (Stammler et al., 2008). WERERE AEXT B. cinerea - FHE K ZFEMK. HE
MOE R W2 AKSESBA S mEER, HAEMEY M A A& 2D BB 0N AL S50

(Stammler et al., 2008), XJH4E K55 I HIEPia S A GGRATR 5, 2015). 1ERNEAEKE
TRHEFERTIE 2577, WE Bk B A Fig R R P O I 10 SR04 A 7 5B .

SR, B BRI BEZ RSVHEINN, B, cinerea X WE R B % 7= A= H i RS 4K (FRAC,
2019b). HEGH. 3. 5. 52N E K ORI (8] S A4 T 77 AR I E 9t R % = BEDLIE B, cinerea
TER, DEIE AL BT BORF# I (Leroux etal., 2010; Fernandez-Ortufio etal., 2012; BXEIT %,
2018),2017 FHtEin il gs R, Bilgih X B AL FE E 1 2 30%01) B. cinerea WWE I B i 7= A= B,
HU S ETHERER AN E (XK %, 2018). CAMILEKM, B. cinerea eI # & it =4 32
905 J5 R R B IR i UG SdhB WV R AR RURARA O, S W RAR A i 225 A i i ig (P) 5
272 4 AR (HD, B35 P225L/F/T 5 H272Y/R/L 259875 25 (de Miccolis Angelini et al., 2010;
Leroux et al., 2010; Panebianco etal., 2015), H H272Y A H272R &% W, (Veloukas et al., 2011;
Yin etal., 2011), H5RAZZHE BN T BUR PR IE I ™ A= b B2 21w B (Leroux et al., 2010;
Fernandez-ortuno et al., 2012; Xk 4§, 2018). AS-PCR (Allele-specific PCR) & H Rl Jit B X 4%
BRI AR 0 SR AR 4 R o FH I 5952 — o AS-PCR [ JF B B 45 52407 2140 (19 PCR 5147 35t 545
R T84 KA AR I R 22 5, 8 2R R AL I RARTE HL (Ye et al, 1992). iz 1
MM Z 251 PCR BN 1 AN AL fU 1 AP RAR B 1 AN AL H R 2 A5 1 (SNPOIEAT Rl (Liu
et al., 1997). WITEEARIR, PJokl. #EFSER A, YWH T HEFEEWE (Plasmopara viticola)
XHIE ISk (Dimethomorth) % K EJ B (B. cinerea) *f R FFBKIEZEZ7] (Benzimidazole) 54T
PR PEAS I (Mudoz et al., 2009; Zhang etal., 2017).

Xf BT 6 S BRI AE A PR X ISR IR P B. cinerea W) SdhB ZEREAT I, CARHRRHTYENLS),
FEARYE AL 4 Fhpith AR, FET AS-PCR HIHIAREH, 709t M imikE s 2 445 5 15]
), FEXF PCR AR RIFATOA, @ 1% PCR NS5 H 4 Bl i 5848 7 g e sdos il o
1%, VAN B. cinerea i W It 11 it 14 1 R THOAS WU 2 (L RO A 4 e R T % o

1 FRS T

L1 KER, KRS R
2018 £ 1—5 H, M E#EWHAHX. FlX. &lX. #HX. 558 XS X2 405



Xk, WOB, RINE, mLRL EE .
B IR BRI TR W T TR T e e S SdhB B IR P 41 22 S 1) TR D
e 2 54%, 2019, 46 (11): 2155 - 2163. 2157

WE T B JH 1) 14 A B2 PR ik SR B L R 5 R PR P R g SR (R b 5 B X P e 2 /s
WEREEIZ) . R B4 2% (Fernandez-ortuno et al., 2012) 75 E|Ai{L) BfEE ik, KIET
F—R SRR IR 1 . W T LR EH & P E R 752 (Potato dextrose agar, PDA, [
BD AH]) k24 CHEREEEIR, 7~10d 7 E04M7, 3RS 126t~ M i H T ik50.

WE 19t % #% (Boscalid, FIHFEAL THBRA R 5 98%5 2. R (HE 2B GHE R A D
R, KEIJEREFRAEE (Water agar, WA)D: Bifl§ 15 g+ JCHE/K 1000 mL, F T B& 18 ¥ i & 400
% . PCR EasytaqSuperMix (L@ &AEMEARBIR AR HT H B LB & s A4l
AS-PCR ¥4, ZRflahE ( R E MR AR A RD T 3 E RS R Ik
1.2 B SR E N UERE B bE 8 8= 4 E

W I TG T I DR 245 V5 T N A E AR 50 ng - pL BRI R FE R R T R R IR N 1. 5 A
50 pg - mL™ {525 WA PH. T PDA R5373E 24 CERHMS G (47 D), MIBFRIL_EHIHH
EER AT T EE KT, TR E 10°4 - mL”, B 100 uL B350 T 5 25 WA F
R 24 CHREZMFEIEREFE 18 h G, EFERME ORI KN F N a5, LA
FE KA BN K . TR NKEES 2 K, BN EE SN S HAMKT 200 1.
A INAE 2R (1%) [ WA ~FHCA7 X . R4 Fernandez-Ortuiio 55 (2012) HIbR#E, #45)
A TAER 50 pg - mL BERERIG ) WA PR _EREIE R W R EvE (R IMHIZE < 50%, ECsp> 50
ng - mL™D HAFEE R (R); 2z G EIHIZ = 50%, ECso < 50 pg - mL™) N ABURE# (S).
N IBM SPSS 19.0 BT 8 K AN 22 3047 BME S bn 2 T3, X Bm gk AT X0 E IR Bl 22: %
H LR

1.3 EERESHREXVERE R ELHIR
X LA E H AT 61 BRI Bk, S BEATGE I 5 FREBUR B PR I BEFH IR I N B TV 2k 4 i B[R]
(SdhB) JFHVHATINE . L2 TIALIE % & DNA #2802 % Harju %5 (2004) [)7J77%. PCR #4514
N SdhB-F: 5-TCGAACCTACTCGCCCTATCCAATT-3', SdhB-R: 5-GACTTCTTAGAAAGCCATTTC
CTTC-3'. PCR ¥4 TAY TR (Ef B ABRA R AT . P45 5H NCBI ML (https: //
www.ncbi.nlm.nih.gov) BLASTn #EATEELX, 75 H SRARHHIE

14 MAMSFRNEZRNRLSES

141 3l4mikt

JT AS-PCR JEH (Ye et al., 1992; Liu et al., 1997), Bit4t%F 3 M7 AU 4 FhoeAE 57 (P225F,
N230I. H272R A1 H272Y) H=514) PCR tallfA& 5, ik R EER: MY 3G AR K A2 TARAL m AL 1 2%
o Kt SdhB WIER) 225 (Phe, CCC) % 272 (His, CAC) f7 S5y BLESIY) 35, HIH153M
KN 24 bp WM RS9, HorLL 225 47 554 3/ i 51 40 7 F1 A 45 230 4755 (Asn, AAC).
W2k RIS 3 AN RN, FU SE B ) B Bk o A8 A NCBI M3k Primer-Blast £25t, k5~
W gl B KR AT B — 2T M Bl . B (EX-F) #4128 : 5-CTTCAACA
CACCGACCCAGC-3'", T 225 @HEIRAL m FUF 98 ~ 117 bp &b, 7E 272 fi7 i b3 239 ~ 258 bp 4k
1.42 3lathib s s ik

RS SR R, FERI RV OB TSI TR 225 230 J 272 7 m BT R B A ) E T
e, BATIRES . ST, REF 225 K 272 A7 AR SRR I 5 — R 88 A0 S50 TR R 5 P A=
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RURATR],  DAIRE G 9 A v AR AR 7w AR Fe A RAZ A (41
M126 BRIFER T, I 8 FRASFIGTIENLH B0 T S 2 PREFAEBURASNE, T TRl A R 1
BoriE (R 1D.

®1 RAFHTFRNGRRUNRSHREEK

Table 1 Botrytis cinerea strains for validation of the molecular detection system

B AR R IR HHARS iR SdhB W5 RAF Y
Source of strain Strain code Resistance phenotype Subsititutions in SdhB
%8 X Pudong New District PD31 itk Resistance P225F (CCC to TTC)
X Qingpu District QP61 Ptk Resistance P225F (CCC to TTC)
%X Pudong New District PD32 itk Resistance N230I (AAC to ATC)
%8 X Pudong New District PD33 itk Resistance N230I (AAC to ATC)
411X Jinshan District JS41 FitE Resistance H272R (CAC to CGC)
411X Jinshan District JS44 itk Resistance H272R (CAC to CGC)
Z2t[X Fengxian District FX35 it Resistance H272Y (CAC to TAC)
Z2W%IX Fengxian District FX37 itk Resistance H272Y (CAC to TAC)
SEHJIX Chongming District CM41 UK Sensitive 7 None

£2H][X Chongming District PD41 U Sensitive 7 None

TG, XF 272 L A AL RIS I TR « 24 272 18 R AR B R REY Y 282 bp 2571, T H272R
S H272Y Ptk RAZ MR ANRES 38 Hh 2%kt , BT R B I, DOZ 5| W0 e vty o 7R LI A 1,
15 U519 EX-F K 272 %351k &, BN 225 K& 230 {7 457 Mgy, #Hrifik. X
P225F J¢ N2301 it AR R Pk () DNA SRR 3 H— 2% 282 bp 25717, H272R J2 H272Y il AL R #k
1 —4% 141 bp k717, 10 EF AR RUBUBR T RERI IS 3G HY 141 bp A1 282 bp &, UCNIZEIA
FEF MR

S1PIIE R PCR AR RN 20 uL, & 1/2 #RFH[1) 2x PCR SuperMix. 54 0.25 umol A DNA 20 ng.
PCR &7 N: TiAEME 95 C 3min; 95 C 20s, 55 °C 20s, 72 ‘C 30s, 32 MEH; 72 CHEfd 5
min. PCR F*¥HE4T 2%3 AR pl e s L K
143 HRFEQKELEE L

FAZE 1 10 #R598 B0 51 20565 PCR R Kl 2 AR PR EOHAT A e, ik 51 2 & kAT K
5o BJGRFES AN 51, 530 55 F1 57 °C, MHIEEERAMIEEL: HMRIE &, HEBEA . N
b e B AN 2H 2 S 1 2% At i ST A T V2

PCR 1A R J HAFE 7 5 _FR AR ] o AR 22 /0 SR IR A S 5 VA ) L A 2 K 557
FH 7 W1 5 BB M 7 R i3 A7 B E

BB

b

2 RS0

21 LEMXEERERENEERAMEN SdhB EENFIIES

2018 KA 126 PRELRE K FE0 1 90T B R USRI 25 ] (38 2) KB, Horh 65 #Ri XS
i P T R, 61 RS T X I T T e R BN PO, EL B S RO B A T R U M E R K. 7
X WE Tt B 2 SRR 1) 65 WA TR R BE AT LI S Bk, 0PI SdhB AT, Z5REH, BWRKAERE; 61
PRBUIE T B 1) SdhB JE [R5 % AR R AR, Horh 30 #REA 1k SdhB W5 272 i 2H 2 IR R AL ks & B2 (H272R,
CAC RAH CGC), 23 BRItk 225 M AR KL NARHNEAIR (P225F, CCC RALN TTC), 6 HKH
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Bk 230 7 R A B 54 N s d i (N2301, AAC RASN ATC), 2 BREFikk 272 S A R R AL NI A
% (H272Y, CAC R4 TAC) (K 1), H272R 5 P225F AL kA=l HATA 5y, AL (3R 3).

F2 126 RRBREXIER ERL AR

Table 2  Sensitivity of 126 Botrytis cinerea strains to Boscalid

EREE G (pg - mL™ G HE L R A 2% pitER A
Boscalid Inhibition of conidial germination Resistance phenotype Sum of stain
1 1.6+24d P Resistance 61
5 23+20cd Ptk Resistance 61
50 40+44c Pitk Resistance 61
1 93.6+12.3b UK Sensitive 65
5 100.0 a UK Sensitive 65
50 100.0 a U Sensitive 65

e HRFAERATHE £ R, BURRIAFFRERHFAE P < 0.05 ACFREEEZSR, D&M IO M3 B 2,

Note: Date is mean = SD, the different letters in the column indicate significant different at P < 0.05 level by Duncan’s new multiple range test.

721 750 860 874
p2sF  ...CATCTTCTTCTCCTACTGGTGGAACAGTG.....GTACAGATGTCACAC. ..
N30l .CATCCCCTTCTCCTACTGGTGGATCAGTG.....GTACAGATGTCACAC. ..
272R  ...CATCCCCTTCTCCTACTGGTGGAACAGTG.....GTACAGATGTCGCAC. . .
H272Y  ...CATCCCCTTCTCCTACTGGTGGAACAGTG.....GTACAGATGTTACAC...
wildiype ...CATCCCCTTCTCCTACTGGTGGAACAGTG......GTACAGATGTCACAC. ..

E1 EERERE ShB EEFIER
RARNL R LR A I .
Fig. 1 The difference of SdhB of Botrytis cinerea strains from strawberry

The mutation sites are marked in italic bold.

®3 BB XEHRBERENERERNNERER 56

Table 3 Resistance mutations and distributions of Botrytis cinerea isolates from strawberry to Boscalid in Shanghai

BIMREL IR MR SdhB WFHEFRAZ A Substitutions in SdhB

B UR
. Sum of Number of P225F N2301 H272R H272Y
Source of strain ] . .
strain resistant strain (CCCto TTC)  (AACto ATC) (CACtoCGC) (CACtoTAC)

%8 X Pudong New District 14 5 1 4 0 0
X Qingpu District 36 24 12 0 12 0
41X Jinshan District 32 10 0 1 9 0

Z& WX Fengxian District 18 15 10 1 2 2
X Jiading District 14 7 0 0 7 0

2B [X Chongming District 12 0 0 0 0 0

St Total 126 61 23 6 30 2

22 =5|4) PCR it MIKRRNMHUEEL
L SdhB WHE 272 A7 SR BI I  ATR IR (3R 4), BRRERERE. B
=54 272-R4 (2D,
TE_ L5190 e 272 AL s RE R 5190 272-R4 HIAK R, NN 225 I 230 57 55 ff) #5308 5| Wt 47 i %
(F4), BRI 225 5 230 A S5 8514 (225-R10).
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&4 SdvB BEERREHISFFE S WIS HE

Table 4 Design and selection of primers specific to point mutation of specific codons on SdhB

Hir#i41  PCR RS R D HALI Y TR etk g

51¥F%] (5'-3") Sequence

Codon Other primers in PCR system Testing primer Specificity Yield

272 EX-F 272-R1 CCTCGAGCAGTTGAGAATAGAGTG - -
272-R2 CCTCGAGCAGTTGAGAATACAGTG - -
272-R3 CCTCGAGCAGTTGAGAATCGAGTG + +
272-R4 CCTCGAGCAGTTGAGAATAGACTG ++ +++
272-R5 CCTCGAGCAGTTGAGAATAGGTTG ++ ++
272-R6 GTCCTCGAGCAGTTGAGAATAGACTG + +
272-R7 GTCCTCGAGCAGTTGAGAATAGGTTG + +

225, 230 EX-F, 272-R4 225-R1 CCTCACTGITCCACCAGTIGCAGG - -
225-R2 CTCACTGTACCACCAGTIGCAGGG - -
225-R3 CTCACTGTACGACCAGTIGCAGGG - -
225-R4 CTCACTGTACGACCAGAACGIGGG - -
225-RS CTCACTGTGACACCAGGAGGAAGG - -
225-R6 CTCACTITGAGACCAGTAGCAAGG - -
225-R7 CTCACTITGACACCIGTAGCAAGG - -
225-R8 CTCA CTITGACACCAGTAGCAAGG - -
225-R9 CTCA CTCITGCACCAGTAGCAAGG + +
225-R10 CTCA CTGITGCACCAGTAGCAAGG ++ ++
225-R11 CTCA CTGITCCACCAGTAGCAAGG - -

TEe SR GRS AP RN, BRI RHA T A5 Y B R ECA . RV RRZ S LR T ARSI IR AR
FerE, -7 ZANIER, “+7 BIEMZCHE BB BRSO, “++7 HIEBAE M IUES AT, “+++7 Sl eI, 7
PR IEW A AR SEE, « - 7 Joakaly, “+7 AMEE, ‘447 FRUSE, “+++7 Kt ausE. TH.

Note: The sequences of primers with gray shadow are the position of mutations for resistance. Italics characters with underlines are the extra

”

mismatchs introduced. The specificity is defined as amplification of only the expected band “ - 7, completely false amplification “+”, the expected

bands with remarkable false bands. “++”, the expected bands, with weak or vague wrong bands. “+++”, only the expected band. The yield is

”

directed to the relative yield of the specific products. “ - ”, no band. “+”, weak band. “++”, strong band. “+++”, very strong band. The same

below.

Pk B AR LG TR
Resistance strain Sensitive strain

M PD31 QP61PD32 PD33 JS41 JS44 FX35 FX37 CM41PD41

282 bp

2 SdhB WEEH 272 RERTSH (272-R4) BFFE
Fig.2 The specificity of the primer (272-R4) for mutations detection of 272 codon on SdhB

¥ =51 & B 51 IR KGR FERIE A E AT O, 45 RK 519 EX-F. 225-R10 5 272-R4,
TEIR KR 53 °C, PCRGMAECH 32 b, e TR E, & mmiis (B85, B 3). 7Elk
=5 PCRAKZR T, BEWERLINRTI 3 ANTRAZAL s (1) 4 Fhpi ik RASHKAY, P225F K N2301 Hitk A
# (PD31. QP61 & PD32. PD33) [#] DNA #tRALfed 1 th—2% 282 bp 5%7f7, H272R K H272Y #it
PERAZ AR (JS41. JS44 [ FX35. FX37) AN AeH 38— 2% 141 bp 2&717, 1M B A BUBBUBH B (CM41,
PD41) REFINFH 18 H 141 A1 282 bp PiZkH (K 3).
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e el %5 ATSERBRENERERAMRNG=S1M PCR KK
csistance strain cnsitive strain
ERMMSENL
PD31  PD32  J541 FX35 CM41 Table 5 Optimization and establishment of the tri-primer PCR

M QP61  PD33  JS44 FX37  PD41 . . .
g g system for boscalid resistance detection

bp FE5 1519 Specific primers
8 000 - B .
5000 FiEEIY 225 & - . TEIRE R
% 888 Forward 230 codon T Cycles Specificity Yield
1000 primer codons
750 EX-F 225-R9  272-R4 55 34 + +
300 EX-F  225R9  272R5 55 M - -
S 282 bp
250 EX-F 225-R10  272-R4 57 32 - -
S 141 bp
100 EX-F 225-R10  272-R4 55 32 ++ ++
EX-F 225-R10  272-R4 53 32 +++ +++
E 3 =35|¥ PCR WEE KB HENIEEERE EX-F 225-R10  272-R4 51 32 + ++
HiRNER EX-F 225-R10  272-R4 53 30 ++ ++
Fig.3 Tri-primer PCR detection system for EX-F 225-R10  272-R4 53 34 ++ +++
boscalid resistance EX-F 225-R10 272-R5 55 34 + ++
EX-F 225-R10  272-R5 55 32 + ++
N N 7 EX-F 225-R10  272-R5 53 34 ++ +
N AR G 2018 4F _E i X SR A
EX-F 225-R10  272-R5 53 32 ++ ++

126 PRELREIREE A, 45 BBV IR REEA XL
KBTI TARAL i, AT S e R U B, FLAS 2R 45 R 59 11 70 A R SR Sl o 25 2R 5
B, RWIMITEAER . AR, &S T KRN R A I A R AR

3 Wi

BTN 2018 4K H _EHFHLIX I 61 PRIEBER NZHUIE B. cinerea 1) SdhB MF 45 REW], F71E 4
FhiitE AR 2K/, P225F. N230I. H272R F1 H272Y, Hift H272R Al P225F 0%, HiX 4 fpoeas
B. cinerea R PR 173 A= 617 1 5 X W BBt 17 e 110 R0 P 180 AR, W I 1 g 4 o) LA 7 19 R 1) ECs 1YY >
50 ug - mL"'. CEWEREY, B. cinerea [¥] SdhB FE[N 225 A1l 272 47 5 9 ne B B I pi e A GG, K
GHENT M T S HPERE (Stammler et al., 2008). 225 f7 SRR (P) HEAMRI
S MHZ BE 45 A4 5 (Quinone-binding site, Q-site, Q A7 1) HEi KERFE I BB 4. 24 & 4 P225L.
P225F B P225T FACKT, HEHEN B T Bl 2R i K TR B AR K (P R . RN AR, B AR
NRITREIR AR, AE1F 225 AL fUP I 23 (AL B R AR 0, AT B AEG 17 BE B 11 i 45 & Q 2 st (1S
P (Stammler et al., 2008; Scallietetal., 2011). 272 {7 S IHEE (H) MEEALT Q 25 . SDHIs
WIS HRIRMESE S Q AL MM A, Ttk 272 47 5T A &R 1) 5848 4 TN 5 SDHIs 254 If R fl ik
B#{%A % (Horsefield etal., 2006; Stammler etal., 2008; Scalliet etal., 2011). AHFF &I 3 Ff
225 8% 272 S B RAE 2 A1, 18 R IS LI N230T 848 .

995 5L R 0T 7% A7) ) AR M ARG U 2 1) o o T R A B 4 SR e 1Y) B LA TE (FRAC, 2019¢). H
R85 P PR DU AR D 7 B O G5 040~ LY, 36 S A D075 it B T 22 A K sl 1 1 R 0T 7% B 770 1) i
Fexf LU IR ZR, 19 B R s PUIE R A . (HP IR RO R B (1 22 85 9% PRIl S A%, B IREB,
FEI K, HFREBURIEL. Pt REE NS FER#E (FRAC, 2019¢). AS-PCR. FRHIMEKEZ
A1 (PCR-restriction fragment length polymorphism, RFLP) . 4 /i i1 2k 43 #T7% (High resolution melting
assay, HRM-PCR) &5 T-Hi 14 SR AL Al 1) 73~ AR W 2 e ARt FH T 2% B R B A U« Luck 1 Gillings

(1996) ffif] RFLP J AS-PCR VAN 7T B - T S A E198A RASKLIM K B. cinerea ZKTH
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R (BenomyD) HiPEAll{fA . Chatzidimopoulos %5 (2014) iz HRM-PCR 2%, AR E AR SR
AF PRS2 52 2 PCR WA R MR IR 225, BOL T B. cinerea BEHARR LA SdhB 3L b n ¥k i
J& S5 B % (Fenhexamid) PUIEZRAE H272R. H272Y K% 7.

P AG I L X 2 R B P225F. N230I. H272R A1 H272Y Hith R4, s AS-PCR R
H, @7 BRI 4 Mgt SR PCR AT,  HOICRT IS B B AR B IE R BY B 7 45 SR e 4 — B
R AS-PCR B{E H LA F## /) ARMS-PCR (Tetra-primer amplification refractory mutation
system) HY, 1 NS NAYBER I 1 FhoRAE 2K A B SNP (Yeetal., 1992; Liuetal., 1997). ARMS-PCR
EE T S e AL, HLAER I RAR Y R B B A IR A4S A A TR DIRE (Zhang et al., 2017).
AS-PCR 5 H Aoy ¥Rl kAR LG, BAE TR, (A8 0 PCR ) SEE0 A A SRR SC B (Liu
etal., 1997). TAHT 7t &AM 7772 5% LA AS-PCR B ARMS-PCR ML B —E M H. H—,
W75 e E S Rl 22 /AL i A8, RRYE R, (R REE T 2 568 R 510 R 2 AP SR AR AL A,
A& RBAERIIRA, BEAE—F0 RV R R AR R T ROV . B, R RIEE SR ST
B R IX A SR AL il A RARRBIRE J7, R 51 e R B A RUBUR B R SdhB 1) 225
Je 272 g, HA AR ) R AR TR O] B8 5 BOZAL s RFPE 2% 7 JoiE e I 38, AT Rl B 584
S, WONER SR R, (RIS R RIS T, R RILE 3 K51, KR
K B I BCE BT HINT (2 2 NBURE IR, 1 2 NPMEEMD . 1 ARMS-PCR A &35 4 45]
W, g R K E L&A AR R KN BEAT SR (Liu et al., 1997; Zhang et al., 2017). 5
ARMS-PCR #tt, ARZAN, (OEH T HMALE B. cinerea, IRA W REREBFWES, H
AR A 1

T BRI FEE ) R 18 B BRI RV E A, B. cinerea YW T R PR BBURR A B U AR 7R
AR Z AR R R AT . TR EAAE R B PTERAB R, DURAK I % & B & T8
Z RA IR A, A ek — B Ik
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