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Rapid allele-specific PCR detection of Botrytis cinerea strains with
resistance to succinate dehydrogenase inhibitors

LIU Mengqing'?, TU Zijuan'?, YU Yang'?, YANG Yuheng'?, FANG Anfei'?, TIAN Binnian'?,
WANG Jing!', BI Chaowei''?

1 Yibin Academy of Southwest University, Southwest University, Yibin 644000, Sichuan, China
2 College of Plant Protection, Southwest University, Chongqing 400715, China

Abstract: [Background] Botrytis cinerea is a pathogen causing gray mold, posing a serious
threat to the yields of various important economic crops. Chemical control is an effective
prevention and control measure, and succinate dehydrogenase inhibitor (SDHI) are commonly
used fungicides for controlling gray mold. However, B. cinerea has developed resistance to
SDHI. [Objective| To establish a method for rapidly detecting B. cinerea strains with resistance
to SDHI. [Methods] We designed specific primers based on the point mutation SdhBP?*F and
optimized the annealing temperature and internal reference primer concentration of the PCR
system. We then evaluated the sensitivity, specificity, and stability of allele-specific PCR
(AS-PCR). Finally, AS-PCR detection with rapidly extracted DNA from field strains as
templates was conducted, and the detection results were compared with sequencing results.
[Results] The AS-PCR with primers P225F-3F/P225F-R stably distinguished between resistant
and sensitive strains at an annealing temperature of 58 °C and an internal reference primer
concentration of 2.5 pumol/L, with the sensitivity of 10 fg/uL. The AS-PCR detection results of
strains in the field were consistent with the sequencing results. [Conclusion] The AS-PCR
detection method has simple operation, high sensitivity, and strong specificity, serving as a
feasible method for rapid detection of B. cinerea strains with resistance to SDHI in the field.
Keywords: Botrytis cinerea; succinate dehydrogenase inhibitor (SDHI); allele-specific PCR;
drug resistance

TR % 4t.(Botrytis cinerea)i] LA 5 | i JK 25
R, TEMYIEREA TS Al ko, HaE
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PR A R e BE W e s | ORIkt | H BT
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SRR AL, I B SRERR A mAUR EAE AY, f
FEpeeg vl d B &2 2 HRT, KA %7
X2 BT B AR B AR T P E BT
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Pl 2AS T ST G TR TBE M | BP0 I T 1
W55, IR R B B AR RO 1967 AR AR Y
ZHER, HZAFIPRGIEREEAET. 2003 4 F
T R WGE TG 1 e i (ol PR i R AR R ™
(9 SDHI AW, XK &2 BB IR AR L 5
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B JRAEE A E S RHZERE R A T
2k, G0 2014 4 PG BE S b X0 75 28 76 X I Tk 7
WEHTHEA AR Ty 7.6%1, 2015 475 K H X it
WA 59%M, FERRIEM L TLIRFIEE PRI
U A3 B6 5] 29.74% 42.6%F1 92.25%1214
SDHI A 14 7138 2 £ FH 95 Jot 1 H WP 1
b4 Z AN (BRFIR I & A R
AL 40 9 R 3 R S T 194 i 2 o R A% 3o
Z RN T, DT B A S B B AR K R ATP /9
AL SRR SNt 4 N IEIE(A, B, C, D)4
W, ZERIEEAOLEAFH B, C. D IERIEAL
B K 5 R348 R 3 B B Sl 2 S R 1
oo A T A S BRI IR ARG 25 AR T,
MBI fE K f G rh , SdhB
WA EHGE MR A P225F/T/L. N2301
1 H272R/L/Y, SAhD W7 H132R, X BE{v 45,
) 5 A8 S 0T D 7 R R W T R e AN ) R R
ForEs20, AR E BoR, SAhC KL A A [a] I
WA RE R EGTER 2, IR T B — R RIIE
. ER DG XK A A Xt iZ 25 F bt SdhBP22F
MRAR N 53.3%, A FREM TS AR 0,
R T BBt e BN AR B DB 6 A B R A B
2P R, AT A A0 i L D e 24 A D
By, PR, AR D A B 24 1 1 B A ) T vk
WG E . B Pkl A . R
B0 I s BT . R
S b, S0 B R 74 PCR (allele-specific
PCR, AS-PCR)Jj&— 57 1 a2 ko il B A2 1 iR 22
A FHAR, ZOr R BRI R AR
BUAFART AR . Ma 807 B g S PSR A i
S5 DOVR FH 3z R B T R T Ak 4 T e T
(Monilinia fructicola)f # - bkmk | 1R R , K&
Ty 4% 2 i 925 9 T (Phytophthora infestans) X} FH 75
RIOBTIER R, R, ARG E BRI T K
#i%78AY Quinone outside inhibitor (Qols)ZPiiE
HEARBO ACHIFGE K 4% 760 SDHI Hid: 28 A8 il
b SAhBPF p5 5y g vy — o] PR I BT i
PRI AS-PCR oA, FfKHoA) 28 1y T H TRl ot

Frill - DA Sy S B A DN A 2 6L % SDHI 2%
TR0 TR i A T A (6 ) AR bR ) T 3
1 57
1.1 A

SDHI itk SdhB™#F pi 22 A B # B10 . B27 .
B31. CS3 1 B1, SDHI &% ¥ B05.10. B8,
B4, B7 I LP1, ARSI ELRAE; H AR K B
s PR A AR S i DR T b DXAR By ol el R4
1.2 EEE

S A A e B AR IS 25 SR 3 1] RC ]
1.3 FERFIF{EE

2xTaq Master Mix, NaOH, AR
oA BR A F 5 Tris-HCL 22 i (pH 8.0)
Coolaber A H] . 4> A ZMFES PRI, Fi4
F R AR A E] AR E AL, B
SR ABR A F s PCR AL, HLTKAL . BERE
BAZAL . ik TAES, Bio-Rad 23],
1.4 AS-PCR 3|41i&3t

WHEPLIEE R SAhB™F (S48 B ILIE 1)
BTG, XA A 2 48 J5 243 B A I Y
EMFESEG 1, B AR R IE 51 4
1) 3RS, TEZAR AT 1-2 AMRSEAL BT
BCHE I 5 5 T R S, 5 TP 4 ke 1 s .
L CTAB JEPPHE I R A F UK R R AT SdhB™2"
MO TRIAR Y DNA A iE 747 4 Bosl LA A
Br, ¥7HG PCR iR/ 251 bp.
1.5 AS-PCR R RRNBRERHE

RAE BRI TR 51 i L RE A AR S
Py P ARSI %), A A E B 514
) IRciE IR R BE , 43l LA SAhBP22F 55 58 A8 B ik
B10 FIbREF & B05.10 ) DNA M AR I
. BASIYE 8 1N(52. 54. 56, 58, 59,
61, 63 F1 65 °C)iR Kl FE#E1T PCR ¥4, [ )
A% . DNA B2 70 ng, 1F. RIAGIHIE 1)
(10 umol/L)4% 1 uL, 2xTaq Master Mix 12.5 pL,
ddH,0 #p 2 25 pLo S h 2544 : 95 °C 3 min; 95 °C
30 s, Bk 30s, 72 °C 1 min, 3t 34 IRIEFF;
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&1 AS-PCR 3|#i&it#E5 &

Figure I AS-PCR primer design model.

* 1 RIE P225F HEHBRREMIRIRITH AS-PCR
514

Table 1 AS-PCR primers were designed based on
P225F nucleotide mutation site

519 751

Primer Sequence (5'—3")

P225F-1F CTCTGCGCATGCTGCTCGACATCTTGCTT
P225F-2F CTCTGCGCATGCTGCTCGACATCTTGCTTG
P225F-3F CTCTGCGCATGCTGCTCGACATCTTGCTTT
P225F-4F CTCTGCGCATGCTGCTCGACATCTTGCTTA
P225F-5F CTCTGCGCATGCTGCTCGACATCTTGCTTCA
P225F-6F CTCTGCGCATGCTGCTCGACATCTTGCTTCC
P225F-7F CTCTGCGCATGCTGCTCGACATCTTGCTTCG
P225F-R  GCCATTTCCTTCTTAATCTCCGCA

ITS1 CTTGGTCATTTAGAGGAAGTAA

ITS4 TCCTCCGCTTATTGATATGC
TAEL g SRS HE 5 ) 24 DAy S T Bk

Bold represent mutated bases; Underlined represent
mismatched bases.

72 °C 10 min, PCR JZJVJ5 H 1% 5E e HL ik
IdREE R
1.6 % EAS-PCRYFFMSI#M5RE5]
NR ERVHE
Sy AR PR B, ARSI A S
Ve NS 4T £ AS-PCR 1. W51 ¥k
FHECTE A8 ) ITS 514 ITS1/ITS4 (£ 1), N
5| RN R S 5 | 0 v B A5 43 3 R 101
1:2.1:4 F11:5, BPRES4: 5 903 BE R 10 pmol/L,
WZ5I W51 10, 5. 2.5 Fl 2 pmol/L.
RNARZR IR 1.5, R A& iR O B R fciE
B JOR
1.7 %E AS-PCR R MR FRREE RN
B BURHTYE AR DNA REHR 0 A 16 B

BE A IV BE (100 ng/uL) Y 10°-107"0, 133 17 4
DNA RS EIFIEFT AS-PCR S R LA
T o Js2 A4 2R R s o 25 A TR] 1.6
1.8 AS-PCR #& Mk R AY5EE

ARG R 256 % DR AT TR AR A7 A 0 4 2R
F gk, B P225F 2848 7 X pi bk B27.B31.
CS3 #1 B1, LIMBURF L B8, B4, B7 1 LP1
) DNA SWfsiAl, S I A 2 F s 25440 1R] 1.6,
1.9 AS-PCR #0280 H 8] 2 A

PR BUTE PR T A% IX R 4R Y RS K B
REMMPELZMAT, RA NaOH ik E
B HLHUR L DNA, VA ZE T DNA &
AHR R 8 wL, FEA R A3 F s b S5 E ] 1.6, HF
AS-PCR #1255 4 BHM: (358 43 TR Bk PCR 34
) SdhB JE R 7= ¥y 1% AR T AR TREC ) By
B BRI FIIRE, Bel R4t BB RE AP, F
Fl DNAMAN %+ 5 NCBI H4rfER#E B05.10
AT E LR XS .

2 ERE54M

2.1 AS-PCR4FH145(4)
AR 3 2 AR s 7 X518, 435
D) P225F HiME kR B10 FIbRifE R £ B05.10 i) DNA
RIS T PCR 473, P HG45 L4 A, H
R g% P225F-1F/P225E-R . P225F-5F/P225F-R
Al P225F-6F/P225F-R 7 S8 B Ak W A% M A
KT RRY 1S 1 A& (K 2A-2C), 51 %F
P225F-4F/P225F-R 7EHT M LSS TR Ak R 5 i
B4 T B RR Y 3 454 (B 2D), 51Xt
P225F-3F/P225F-R ([& 2E).P225F-2F/P225F-R
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bp M1 23456 728 910111213141516 17 B

bp M1 23456 78 91011121314151617

2 KNIXEETE P225F 3R 5 N AF 51 5| 17 1% B2 ik B

bp M1 23456 78 91011121314151617 D

* bp M123456 78 91011121314151617 F

M1 23456 78 91011121314151617

bp M123456 78 91011121314151617

M1 23456738 91011121314151617

A-G 3 ¥%t43 51K P225F-1F/P225F-R |

P225F-5F/P225F-R . P225F-6F/P225F-R . P225F-4F/P225F-R . P225F-3F/P225F-R . P225F-2F/P225F-R
I P225F-TF/P225F-R *FEZFR AN P225F riZ& L i 514 . M: DL2000 DNA marker; 1: ddH>O
X 2—9: B05.10 DNA SA#Ai; 10-17: B10 DNA Syt

Figure 2 Screening of specific primers for detecting P225F mutation mode in Botrytis cinerea using
electrophoresis map. The A—G primer pairs are P225F-1F/P225F-R, P225F-5F/P225F-R, P225F-6F/P225F-R,

P225F-4F/P225F-R, P225F-3F/P225F-R, P225F-2F/P225F-R, and P225F-7F/P225F-R. *: The figure shows the
specific primers for successfully detecting the P225F point mutation. M: DL2000 DNA marker; 1: ddH,O

control; 2—9: Sensitive strain B05.10 DNA as template; 10—17: Resistant strain B10 DNA as template.

H1 P225F-7F/P225F-R (& 2F . 2G)¥) HBETE IBT
PETR MR R BIAR A5 A AT LAY 3 5k, H)S
PIE S Bk, ULIIZE Y 808, 25 1,
%R P225F-3F/P225F-R 51 W47 I 24k
22 mERNERE

L P225F Hi i # Bk B10 U bk B05.10
) DNA AR , #IFH 5 4%F P225F-3F/P225F-R
FEARTA]R KRR R JEA TP 3G, F TR 45 SR 4
B 3 iR, TER KRR 52-65 °CHEAREY 4
Sy, ANFENRE T R EMHZEAR, Frilik
P AR (E BN 58 °CHEA TR 425256 .

2.3 %E AS-PCR NE3|¥RE

Ve ITS1/ITS4 £ AN ST HFI RIS
R vEn | i 728 AS-PCR ¥, 425
W) S5EE RS I B 15 i, BB R
P NS RS, HS el 1:4 B
RO TR AR N 2 4501 3G 20 55 FLE
FasE (B 4), FTLMRZAHE NS5 9 52 E5 9
WRELLBI R 1:4, BINZ5 RSN 2.5 pmol/L,
24 %E AS-PCROIREE

BB R (100 ng/uL ) & 7 B s it
T3, ka5 R 5, K s T, R
JER 107 BHREY 38 R Rk A, RIS [t
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bp M 12345678 91011121314151617

2000

1 000
750
500

250
100

3 RRINAEMR B 78 P225F R 5 HLKE
SI¥%th P225F-3F/P225F-R, *F /R kil P225F
FeSs eS| W iR KR . M: DL2000 DNA
marker; 1: ddH>O XJHf; 2-9: B05.10 DNA i
M, BIGREDHIH 52, 54, 56, 58, 59. 61,
63 F1 65 °C; 10-17: B10 DNA Jytiti, B kG
352, 54, 56, 58. 59, 61, 63 Fil 65°C.

Figure 3 Electrophoretic patterns of B. cinerea
P225F mutations were successfully detected. Primer
pairs are P225F-3F/P225F-R. * indicates the optimal
annealing temperature for detecting P225F specific
primers. M: DL2000 DNA marker; 1: ddH,O control;
2-9: The DNA of the sensitive strains was used as
the template, and the annealing temperatures were
52, 54, 56, 58, 59, 61, 63 and 65 °C, respectively;
10-17: The resistant strain DNA was used as the
template, and the annealing temperatures were 52, 54,
56, 58, 59, 61, 63 and 65 °C.

P225F-3F/P225F-R ) R B EER 10 fg/ul, Ui

ZE Y R

2.5 I&4F AS-PCR #&M{k &
AHFSE S F U #% BS . B4, B7. LP1

FHidE P225F fiSAS R #k B27. B31. CS3. Bl

bp M 1

2 3 4 5 6

bp M 1 2 3 4 5 6 7 8 9

4 ABSREFIE FRrERESHNST
VIR IE W E ), M: DL2000 DNA marker; 1:
ddH,O XTHE; 2-5: BIARBABURE MK ; 6-9: B
M A Be kR 5 N 2514 5 e S vk B LA 4 )
K11, 1:2, 1:4 F01:5,

Figure 4 Internal reference primer concentration
screening. * indicates the optimal concentration
ratio of specificity to internal reference primers. M:
DL2000 DNA marker; 1: ddH,O control; 2-5: All
templates were sensitive strains; 6—9: The template
was resistant strain and the ratio of internal
reference primers to specific concentrations is 1:1,
1:2, 1:4 and 1:5.

K51 s S AR e M, ATk EE SR ILIE 6.
1 6 T2, 76 LLBUME B R SRR 1 45 1 R 1k
P 2 4, DUBURE bR R SRR Y1
1 465, DLIHIZIR 2 REOS X A0 M RURR B A
2.6 MIE R AS-PCR #&0{k &

5 HH 8] SR 4B BOREAS HURE 23 AN I FHLER
DNA Bz T PCR A, & B eh 10 AMREA

7 8 910 1112 13 14 15 16 17 18

5 REBAMNIEABRREIEEREFMME AS-PCR RN F R8I R HUEN

RN R T A

S P R AR K DNA W) . M: DL2000 DNA marker; 1: ddH,O XfHf; 2-18: FikgfE R 10%-107'°,
Figure 5 Detection of sensitivity of B. cinerea to SDHI resistance by AS-PCR. * indicates the lowest DNA

concentration that can detect resistant strains in this system. M: DL2000 DNA marker; 1: ddH,O control;
2-18: Dilution of 10°-1071°.
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bp M 1 2 3 4 5 6 7 8 9

2 000

1 000
750

500

250
100

6 R 7&R B xR IAR It SESHIEI TR E
FlI M AS-PCR #&M A RS F MM *FoR
TEZ S AR 2R T R BT E bk . M: DL2000
DNA marker; 1: ddH,O X%[BE; 2-5. ik Ky iUk
Wtk B8, B4, B7 Al LP1; 6-9: HiM At witk
B27. B31. CS3 il Bl,

Figure 6 Specific detection of AS-PCR system for
resistance to SDHI in B. cinerea. * indicate the
resistant strains detected in the reaction system. M:
DL2000 DNA marker; 1: ddH,O control; 2-5: The
templates were sensitive strains B8, B4, B7 and LP1;
6-9: The templates were resistant strains B27, B31, CS3
and B1.

A DAFE P225F kA Z Al 2 45 PCR 79
(K 7), YUk ERR BN 43.5%, PLBX 10 BRAE
AT RN P225F AL AT E bR . §HE

bp M 1

23 4 56 78 91011 121314 1516 bp M 1

X AS-PCR A6 Ay FH 14 B ¥ 23 T ik 1) sAhB BE[A]
I Lok 25 R R W LG e 2 O Sy P225F
(1 7)o VL EERUEMIA AS-PCR A5 I 14 28 AT PR
R VA M T ) % £t SDHI R & 57 97T
PERGI
3 3tk

e Biia 2 DA Y E N EETB, H
B, RER BT IR W LA =B o &, (R %
6L P2 MR K AR IR BE A EE R AY, btk
IS % NE2 v el U B 2 i NP B A = SV /1 2
LORIE SR N | IV ST (3% ol W RS il D
IR RCRAR, R 7 g 1A BT A
R RHCRFAER R, W P TR s A
ST PG E B PCR., PCR-BRIME H B K 248
P4 (PCR-restriction fragment length polymorphism,
PCR-RFLP)FI¥F A 45 ¥4 (loop-mediated
isothermal amplification, LAMP)&E 45 A, X 287y
ERA DL, PR B DT e R . I
H, SCEFEOEE i PCR BRWEM B =, (RS
Bk HasGm e 5 5t ;. PCR-RFLP £0OR TG K

17 18 19 20 21 22 23 24

7  FF AS-PCR #&3M{k 2%} H B E % P225F 2R TN
2-24 23 NHIAE#R; C A RERHBIAEA; D & P225F /0514

PEE . A-B 1 1 & ddH,0 XHHE;
Xt 18 e I R

*7 H IR AR R T ARSI H

Figure 7 The mutation mode of field strain P225F was detected by AS-PCR. * indicates that resistant
strains have been detected in the field under this system. 1 in A—B is ddH,O control; 2—24 are 23 field strains;
C is the collected field sample; D is the sequencing result of P225F detection primer pair amplification.
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A S AR AE A S B A, N T AR
KA S B RIBRYE; LAMP H AR v 7E4H 1 4%
PRI H A5 R AT A, (FIZ B AR AR A T4
FPEE, ST R ME, AS-PCR FiA HAT# &
L EREAEEE . R A XHIR SRS,
un Miles ZFPYF] A2 A BRI T 18090
X} W TR P P P B AR, M ARG I T kA
I TR 0 22 TR R BT TRAR , FRAR S ORI T
L 4 SR A g TRV H R 2 (R P TR R, Ma ST
FSE I T A6 4 5 T X 2R T DR s P A R R
o, FRATEEE AS-PCR A #E7 J A 2 fu b
o 53

HR 4 A S IG T IAAR 9T & B, T PR Hb X A K
HiZ X SDHI HLk bk B WL b 5848 7 =X
£ 4% P225F, N230I, H272R, HH A 53.3%%#B
9 SdhBP*F A P, Bk, A5 L
SAhB2F S G AR MR A RL, A ST AT RS DN
KA % X SDHI ttEry AS-PCR HiAR

fE 1T AS-PCR 5|¥IR, #afE i —45]
Y 3" AR Xt AR T 1-2 RIS TR I
AN TR AR P L 252 i T A BOR PR Sk o 7
AWFFEH, 4519 CT WIEAFE RSB CA
L CC W}, SUBFIHTE TR R B AR RE Y 1
it UL BRSPS BB A R X 43 FUR A T v TR
PR, FrtEARgsE; 24 CT 5HN AT B, U
PRRR RN R AR YN BB 1 Hh 450y, ARz Al
SIYMRANGEY %A R B 24 CT 51 h
TT. GT Ml CG B, #§HBEAEHUME AR Th 3
ot , ULIZS [PIRE S, (HE P P 84K
KgAK, 25 b, HA CTAEE N TT BRI T
TR g S AN BRI

TR R LACET, 51 A B W@ 5
ITSUITS4 1ERINS, XFEREREHERR I BAME T
P, AT LA A IR  DNA REAR &5 R .
SR, YT ARGITEY HER0E E& A AHA],
It HAE R — R R P [FBY SEAETE R R,
I, ZEZE PCRY MR, FestEs PN

S5 Yk LI R A BRI R G, BN S
S SEERES IR EE LA 15 B, BREFEDT
PERAR AR Y 1St 2 B4y, (B Bk R
ik, B, AR mAESE 1:4 1E i i,
BN 25| ¥k B2 A 2.5 pmol/L.

G, AW CTAB JE#2HL DNA B
PR NaOH 2%, K H 8] B AR AE R EA T
AL B AR HLEE DNA PR B AR AT
PCR Kl , 4" 3% e 5 M 55 i B bk
SAhBP?*F s5 A5 I HAZAG I 285 5 15 I 45 S —
H, B EES AT BB R P225F 5848
2, R, UEBHIZRIRE S SDHI $HTPE Rk .
AT E 51 Y% P225F-3F/P225F-R 1] 45 A5 i IX.
4314 SDHI B % SAhBP22%F 9848 )5 A Bk 7
Fho MIMUEHAA ik RESE {6 . PRk | R H
Aol FH TE] 4T 24 1 TRk

FIIH% AS-PCR $ AR £ (1) SAhBP**F 28
AR R 43.5%, SRR HES ik b
VP R R T IR P A5 5] P225SF s e
45.4% e E xR, WHAMIE 2023 FF]H
R 5 AF iz A R ol 53.3%"1
SEIEAR 3, FRAr UL AE SR AR 7 R R R AR
AS-PCR 5 AW HH () % 75 %6 764 SDHI T 14 A2 1
WP EERY . bk, R R X KA fid. SDHI
PrPEE MR P225F S EERAE T, L, %
Ba b JaT £ ARSI SDHI Hud: s ik b e &
SR

4 i

AW A E 5| Y% P225F-3F (5'-CTC
TGCGCATGCTGCTCGACATCTTGCTTT-3")
P225F-R (5'-GCCATTTCCTTCTTAATCTCCG
CA-3") AT LABLEN X 43 K i 4] SAhB " g 5848 I
PR, JE4ad RN SRR R AL, B2 i
IR KRR 58 °C, NS5 Wk R 2.5 umol/L,
ZRFIXR R RE RIAN 10 fg/ul, FaH)
For i FH RIREAS , 2R Jy vk AT A T SE I AP R
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BHRPEAL, KRR, RV B SURE B
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