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FE . AWK IIFORILA Colletotrichum gloeosporioides 3T 7 Bt F TRk oM I e & - o AL
BRI EFFRAEER TR, TN ERBR R ETRGESERZ LN, BB
PR AR F B A Bk cypSIA Fo cypSIB R B 49 cDNA A7) 3 R 75| AT &k %, &R AW,
MK BIRTOR IR 2 BRACR T AR T 1 R AF 7 AR R B F 3Rvk 0 R AR, R EHRE S 1.75%107,
EAHBRTARE R, R TARE FAMBAAREATREGHERE ALERER FHREh
HmAFT Y FLE—REF, FBTREL RREZ A AL T F X LHME(FX R4H 0.80,P<
0.05), kB WIRrk ok Sipesh 2 S A R A A BB A A Lk, R TR
cyp51A4 = cyp51B H W 49 cDNA 7] R & A F B R T, cypSIA A= cypSIB R B o & 3h R AN R
B, GZOREEW IR AL I )G A BRI R T AR 1q27-7-1.1927-7-2.1q30-2-1 7 1q30-2-2 # cyp514 L H 48
AR FAEF LRARR R R S T F AR A3 AR R T K 1q27-7-2.1930-2-2 F71930-2-3 9
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Abstract: In order to assess the resistance risk of anthracnose pathogen Colletotrichum gloeosporioides
to difenoconazole and clarify the underlying resistance mechanisms, difenoconazole-resistant mutants,
which were induced by fungicide-taming method, were studied on the fitness and the cross-resistance.
The full-length cDNA of resistance related genes cyp51A4 and cyp51B, and the promoter sequences were
compared between resistant mutants and sensitive isolates, and the relative expression of cyp5/4 and

cypS1B, were also investigated. The results showed that seven mutants with low resistance to difenocon-
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azole were generated from two sensitive isolates, with a mutation frequency of 1.75x107, and the resis-
tance could be inherited steadily. Mycelial growth responses to temperature, mycelial growth rate, spor-
ulation and pathogenicity differed between the mutants and the sensitive isolates. Moderate level cross-
resistance was detected between difenoconazole and propiconazole (correlation coefficient was 0.80, P<
0.05) in these isolates, but no cross-resistance was observed between difenoconazole and prochloraz-
Mn, carbendazim, fluazinam or pyraclostrobin. Sequence analysis of the full-length cDNA of cyp514
and cyp5 1B, and promoter region showed that there was no point mutation on all mutants and no insert-
ed fragment in the promoter region. After treatment with difenoconazole, the expression of cyp514 was
up-regulated more in four mutants 1q27-7-1, 1q27-7-2, 1q30-2-1 and 1q30-2-2 than that in their parent
isolates. The expression of cyp5 /B was also up-regulated more in three mutants 1q27-7-2, 1q30-2-2 and
1q30-2-3 than that in their parent isolates when exposed to difenoconazole. The results indicated that the
resistance risk of C. gloeosporioides to difenoconazole is likely to be low to moderate, and the up-regu-
lated expression of cyp5 1 contribute at least partially to the resistance.
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HIH [ J& Colletotrichum B J&—J57A8 Sl Fp
Kz MWIAZ FREFE ) HAEAEEATE
X 9% JEL A (Cannon et al., 2012; Yu et al., 2016 Shi
etal.,2021) o SR E R ELAR ™ b i B BT
Z— T N B 2 R ™, EE A A
(ZREF4,2017) 0 HRT, AR R S5 A J5
WA 3R, Ak RIA T C. truncatum AL IR
JH A C. gloeosporioides F1 C. plurivorum

H AT, A A2 2 0245 K S R 1) FE 2
FB(ERE,2014) . AR AR )z
() = MR R TR R 2 — , Hod o 298 E AR5
BB 14 I H IR 0 1021 2 - ER0E O g A, T
il 140 5 FH Bt PR T5 P, DA ITT BELAS 22 £ 155 B 5 1
T 2GR B R B 1E I (Shi et al., 2020) o A<k FH PR S
AR REE AR SO BARX 24
(ARE R, X599 AR IELI BRE i 7% s SO s 55 22
Fh TR T A RAF I BIARCR (PR E 5 55, 2016
Wang et al.,2019) . JT4FK, B T 2Rk HH 2R e ) K
SEHET N ) 22 E e S R L A T e
P W/INZ IRBE B Fusarium graminearum % K
ke T Bk (Rekanovié et al., 2010) ; 57 R 48
2L T Botryosphaeria dothidea ©. H 316 48 ik HH 24
WS A R AR A8 I R (XU PR ACSE, 2013) 5 THTRE A /S
ARG R Rhizoctonia cerealis %7 ik FF B4 Ik (14 5
JEE T R (XN, 2016)

AW BT 8hZE 5125 (fungicide resistance ac-
tion committee , FRAC) M\ B 71 A E FAILEE AR BEHE
2 Tk A e 11 [ A8 B XU A Sk o A T RIS

(FRAC,2021) o KA A R AT BB EE TR |
77 A ORI AR G S P FRAC DA Jirt 71
P ) £ JEE o B A < T T [T A PR XU o Sk v S v
AU (FRAC,2019) . BT, R A5 JE T R A ik
FH P (g e e XU BT PR AL TR i AT e . PRI, A
A5 1t 24 70 A7 S DR T JE b T %o 2 ik Y
IR AR SEAR AR I PR S AR RIS B B, LR
P 2 AR AT AT AR FE AR 6 R 119 7 571 25 S R AE G
Feih o, WIBA O e AR I TR X A ik FHY B () 470 245
AU B HATT AL, LASYI A 45 Bl 28 ik R s )5
AR ARG B BRI
1 Rl 5 F*
1.1

M3 TR PR R K 3G R O R 76 e T TR R TR
1q27 F11q30, F A 44 Ak B2 Be Al ) DR 47 i 5 e
FE A BRAFF 57 2 43 B S IRt . KA o &
235 iR LR BEAE YA e At TR
PP, ATRRIE N 40 emx30 em, B B B KT IRE
L

BE SR 5L - H S 55 4 BE 3R (potato dextrose
agar, PDA) {i FR 5L 03 o0 25 2 Sh 8 55 200 g ] 45 B
20 g 3R 20 g ZEIRK 1 Ly S A AR A (po-
tato dextrose broth, PDB) % 37 3£ A Us N B 5 19
PDA 55570k

205 3% B 7 2 96.1% K ik H 24 i (difenocon-
azole) i 24 , VLI Bt As Ak 22 A B H1 5 96.5% WK i fig
% £k (prochloraz-Mn) [ 24 . 98.0% N Mk fisk B fiE ( pyra-
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clostrobin) i1 24 1 98.1% Z 14 R (carbendazim ) 512},
VL 95 8 3= 25 W ARl B A A BN W) 5 95% T 34 e
(propiconazole) J5i 2, VT J5-E M gk Ak T4 BRA I ;
97% FWEME (fluazinam) 124 , H A AR 254t
Z 1A R A 0.1 mol/L #h PRV WK L AL 1.0%10* pg/mL
FFE R, A 24575 X5 4 — 33 ( dimethyl sulf-
oxide, DMSO) It & 1.0x10* pg/mL )£ ¥ , 5 FH .
DNA $ B0 5 S FL T A RNA 48 B0 &, RAR
H AR (A6 50) A BR A F] s pTOPO-Blunt Simple %%
&, Omega = YIEHEA BRA R (J7JH) ; ChamQ SYBR
gPCR Master Mix (Q311-02) | HiScript III All-in-one
RT SuperMix, Fg 5t i MERE AR DR A BR A 7] K
¥F 1 Escherichia coli B2 254 DHS o, A6 54304
A=A AR AT BR A 7] 5 FA 034k [ 7= 43 b 4k

%45 : C1000™ %38 PCR Y ,CFX Connect™ S Hif
PN E it PCRAX, 3¢ [ Bio-Rad 23 7l ; GZX-300BS-
UDEIEEIRAE , I im H AAs i sA IR A A
1.2 FHi&
1.2.1  JR T8 5 8 5 1 AR B 2Rek R ARG 55

V4 B A6 2 I TR RBURR B AR 1927 11 1q30 43 51l 7E
PDA VA | T 28 CHE IR ARG BE 5% 5 d, TR P& 1 &
FTHCEAR N 5 mm B PE, 3EM 25 A 1 ng/mL 2Kk
FR A e (i B 93 9 0 A5 1 EC,,) 19 PDA “F-Hl T
28°ClHIR RIS, R IR BB R AR J5 , e 20
PDA V4R |, T 28 CHER MR IE B % 5 d R T I AR
5 mm A TRIBR, B4 2 — W B AR R R AR IR,
PR R AL 8 %5 5.10,50,100,200,500 pg/mL,
BB AR S A M 500 pg/mL ZEEEH BRI PDA F-
M A TRV A Ak A SR AR EC,, , IF TR BT
BB AR %, JTiEAR =it R AR R EC,y
FREABURTA R EC,; it 28 728 B 38 =R AT B M TR PR
BUFEFh 4 TR R E0<100% . FREHTPEAS B0 25 %
G ENEE I ) O | B a0/ N [ /TN RE 11 S L F='E S 8
PR A< I U B IR s 3<bitE k<10 AR
TRPTERR 5 10<PTHEATEL<100 (9 R BT B #E ; 100<dbt
PEAGEL) R = bR AR (S, 2015) .
1.2.2 HUOREE T IRvk R R ARG E S M 2

U PSR RRE PRI A - FF 1.2.1 FRAF R M5
AR RN 2 RRABUBR R B 127 Fl1q30 7EAS 75 245571 1) PDA
S T 28 CHEIR MGG 7R 1018, R R 224 K
FRVE I 5 1.5 B 10 A TR AR R 2 Tk Y BRI 11
EC,,, 1R AR RIS R B, 53 W AR AR
M AR e o B2k 2R Ak R B =Pk 58 A8 AR5
10 ARBTHARE BT 28 AR A T ACHUEAREL

VLB BRI 5 <8 1.2.1 AR BT 2 28 R
2 BRBBURR B K 1927 11930 78 PDA SEAR | T 28°C1H
T RRE R R S d, B TS N T THUE AR 5 mm R
Bt R EE Y PDA AR b, 28 BIHE 16,20,
25,28 Fl137°C F BRMEH 3% 7 d, R 538 Xk
VR AR, AR 3 AR

B 22 A KRN E B 1.2.1 AR R AR A
1 2 SRR Bk 127 #1930 76 PDA SE-AR | T 28°CHE
TRREEE SRS d, N VE I GFTIUE AR R 5 mm A
Bt BB RN 59 PDA A L, 28°CHH T SR I
KigR 7 d, R 538 SOk V5 B TS 24
AR TR T 22 KR =T TR BT AR R B
R 3N TR .

FEAL RN AE FF 1.2.1 RIS AP 2R AE PR 2 Bk
THURC B R 1927 1 1g30 78 PDA “F-H T 28°C1H IR
MR S d, NERTE LG ATIUCE AR N 5 mm I DE, T
B RN 22547 100 mL PDB 85 35 5L 19 = A1 i
o BRI FR 3 N BE, T 28°C (150 r/min 2544 B
W IR HE 77 7 d, R FH Bk BB I 5 A 11k
B R, R AR 3R

0TI B 1.2.1 FRAS AP 28 A8 1A N 2
OB B 1927 F111q30 75 PDA AR T 28°C 1H 1L
MG SR S d, A TALASFE B V& D 4 THUE A4 5 mm
FIBE Y, K T DR 22545 100 mL PDB 3 97 2 1Y
=T, T 28°C 150 r/min F50F T BRI IR 7 s 5
7 d, L BER T EO 2 o A AT R
1x10°/mL A fFB TR, 75 H o 7RI N R HH
R OKE 1x10° 4 /mL (9B (7% 0.1%
T 80) W 25 B2 F T 4 S R & 4l v 5 I RERR R
AERN 50 mL A BRI, FEAR AR RN 6 SRR,
F25-30°CHEIARIE3 d G W, M 14 d)s
PEA T I TR, B A B A 3 ik R R ) 4R 3
Geit S IE BB K 5 IER, 1 E KR T IERR A
KIS S B UES: IR S YRR S e+
AHTE (DB35/T 1574—2016) i 5 : 0 9% , T3 TC R
BE 190, 03 AT A /N BRE 9 BRE 1 AL A
IR 5% VAR 53 9, 38 T UL ALRG BE ,
BT AR A SIS 6%~10% 55 9, H.JE
PR Y55 BE 5 BE 1 AR A BT R 1%~
25% ;7 9%, G.3E b LR BRE S5 B0 1A S
SE TR 26%~50% 59 2%, 5.3 b H B SR BE %
BT B (S TR 50% LA Lo RIS
15 38 %1 (disease index, DI) , DI=S ( £ 2 A F2 5k
(B> 4596 P 05 €80 /(9x AT 1 5L I8 <100, 358
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1.2.3 KRB F 3 5 R B A1 ) Z 08 69 S Z U 2
R 22 A KRR 1.2.1 JRAF T pE %
A K 2 BREBURR R AR 127 F11q30 XoF AN ] 3% B 791 Ay it
&M, ] DMSO 43l B i 75 5 47 Jo ok J3E T A s
(0.1,0.5.1.5.10 pg/mL) WKfEEREER£R(0.01,0.1.1.5,
10 pg/mL) AHEMEEK TR (0.01.0.05.0.5.5.10 pg/mL) |
JAMERE (0.01.,0.05.0.1,0.5. 1 pg/mL) ¥ PDA “F-#z
DI AKH R FR 434 DMSO AR FRAE 25 (0T R
FH 0.1 mol/L £ R % W L il &5 RV 2 R
(0.025.0.05.0.1.0.2.0.4 pg/mL) i) PDA -4z, LA
A RT3 50069 0.1 mol/L $h R IS WA 1y 25 1 %
BB B ISR TR AR 1 EC,, (5% 10 A X
L2 FE A X470 58 A A R URR PR R (1) BC 5, X4
EAE A x il At LA 24 7005 B 1 58 A48 1 R Sk v
PRI ECy X BUE 3 By y il AT 4% 181 )3 23 #r
K H Spearman A 2 2 £ 43 B 2K ik FH BR s 5 H Ay
2551972 HHitk (Du et al., 2021) , JHEHE R % p,
FrHEAT 225 BEE T, 24 P<0.05 ), p<0.3 £IR
FEAEIAR SRS H i 50.3<p<0.5 KR TETEAN S |
PP 0.5<p<0.8 FRIRAFAE N S H BT 5 p>0.8 F7AE

B A B
1.2.4  ¥etrih W cypSiAFe cypSIB I 35 73] 541
1 1.2.1 A5 WP S8 AR IR 2 MR BURK A Pk 1927
F1q307E PDA -#i | F 28 CLARG 3R 4 d e, WK
HZFTH 6 D BN 5 mm B GE W B DR 2
450 mL PDB 552381 =i, T 28°C . 150 r/min
AT REEIRG R 4 A, TR T i8R 45 T8
PROVTR 2214 . ¥ B L G 45 (2022) 77 %K F DNA
PEIGR ) G PE AL B AR 1) 22 DNA, 2 1/ Chen et
al. (2018) H #5 3E X 7 %1 F1] A Primer Premier 5 &% 44:
BEiT5 14 CgAF1/CgAR1 FIl CgBF2/CgBR1(F£ 1), 43
Y3 cypS1A4 Fl cypSIBIERFH) . FrA 51435 h
ATAY TR CER) B A RAR A . 50 uL
PCR JZ W {4 % : 2xPhanta Flash Master Mix 25 pL . [~
TUESI ¥4 2 uL . DNA AR 1 ul, ddH,0 20 pL.
PCR ¥ 14 £5 7} : 98°C il 45 % 30 55 98°C ZE 14 10 s,
56°CIE K 5s,72°CHEMH 15 s, 35 MEER ; 72 C e &
FEAH 1 min, PCR =¥ 4lifb) , ¥ Hi# #:5] pTO-
PO-Blunt Simple Zk A I, >R IR0 & 32 7 Wy i
b 2 KIAAT B R SZ 25 4 i DHS o Hp |, 22 BCSH PR 55 1k
FREAE T AEY) TR B PR JIY

x1 AHRTARSIHFT
Table 1 The primer pairs used in this study

514 Primer #7311 (5'-3") Sequence (5'-3")

H B9 Purpose

CgAF1 CAACACCGTAGCAGACCAGAAG
CgARI1 CTTAGCCTTCGCTGTGGGTTG
CgAF2 ATGATGGAAGGCATAGAACT
CgAR2 ATCGCGTCGGGTCCACCTGA
CgBF2 GATATGCGAGATGCGCTTGAC
CgBR1 TCGACAGCGACCATCTTTAG
CgBF3 ATGGGTCTCCTGCAGGAG
CgBR4 CGCCTCACGCTTCTCCCAGTAAAT
AF1 ATCAGCAACAGTTCGTCCCG
AR1 GAAGACGGTTGGTGGTAAT

BF1 AATCATTCCCGTCTCCC

BR1 GGCTCGTTGGCGTTCTT

C5AF1 CGAGTTCTTCACGGATGCCA
C5AR1 TGACACCCAAGTTGAGATACGC
C5AF3 ACCTACAAGAACGGCACCAAG
C5AR3 ATCTGGGGGTACTGAGCGAGA
RT-TubGF TCTCGATGTTATCCGCCG
RT-TubGR TGAGCTCAGGAACACTGACG

Y1 cyps1A L

Amplication of the cyp514 gene

P18 cyp5 14 LAY gt X

Amplify the cyp51A4 coding sequence

Y18 cyp51BILH

Amplication of the cyp5 1B gene

Y18 cyp5 1B LAY it X

Amplify the cyp51B coding sequence

Y cyp514 K 5'-UTR X

Amplification of the partial upstream regions of cyp514 gene
Y3 cypS1BHEP 5'-UTR X,

Amplification of the partial upstream regions of cyp51B gene
2 1 PCRY 1S cyp5 14 KA

Real-time PCR primer for cyp514

YEE B PCRY Y cyp5 1B 1A

Real-time PCR primer for cyp51B

N %ﬂ-tubulin B

Real-time PCR primer for S-tubulin

i 8 A A T DR AR TR 22 AR Py ) 2 )L R
FHFL T S RNA $2 B0 0) & 42 O RNA, F) ] HiS-
cript III All-in-one RT SuperMix #f RNA JZ % 5% & hl
cDNA, 1E b Bt #E 17 PCR ¥ 34 o FIH 51 95 %)
CgAF2/CgAR2 Fll CgBF3/CgBR4 (£ 1) 43 4 14 H

HIFEH cyp51A4 Fl cyp51B ) cDNA 2K ¥4, § 18
M AR FR K PCR = ab 7 =0 A 1 . ] DNA-
MAN 5.2.2.0 # 4 o Xt 43 87 B0 1 58 2 1 cyp 514 i
cyp5 1B FER ) Gitith X AZ AT TR S 2 FER A o

FIH 2 28 B B M 98 28 1A R BEURR TRk 1927
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1q30 )5 DNAFE AR , 235l {d FH 5 1 9% AF1/AR1
FIBF1/BR1 (& 1) 3 BT 5825 (A RN 0% B ik F0 A
LK cypS51A4 K cyp51B 1) 5 AE #4115 X (5'-untrans-
lated region, 5-UTR )., PCR W IKR[E I, § 1%
. 98°C A P 30 5;98°C M 105, 56°CIE K 5 s,
72°CHEAR 10 s, F 35 DG IR ; 72°C R A AEAH 1 min,
PCR W& alifb 5 , # H 1% 4% 5 pTOPO-Blunt Sim-
ple 284K b, R I M 14 48 7 e Ak 2 K H T
A2 S UM DHS o, BEBUPHPE AL P62 T4 T
) By A FRA R . FIFHDNAMAN 5.2.2.0
BRAE X A3 M 98 A8 14 5'-U TR (RZ IR 51 284K
1.2.5 ¥et7i W cypSiAFe cypS 1B HAaRT KA 54T
W 1.2.1 AT IPUPE S AR RN 2 BRBURR TR K 1927
F11g30 7E PDA e I T 28°CIH I w15 9% 5 d, A
HVE N ZATECE AR ] 5 mm OB, B A DHER 2
PDB 1532 31, T 28°C . 150 r/min 551 T BIE 4R 1%
FigR 6 d, ALK N 3 ng/mL 0 S ik FH A me b
24 h, WHET 22, R 1.2.4 J5 12 32 BUA [A] T bk 19
RNA. #|H] HiScript III All-in-one RT SuperMix ¥
RNA J #5545 i cDNA , LA cDNA Jg ki, 43 511
51 ¥1%F CSAF1/C5AR1 f C5AF3/C5AR3 (£ 1)1
cypS1A M cypS1B HE K i B o 20 L S h 1 & : 2%
ChamQ SYBR qPCR Master Mix 10.0 pL .10 pmol/L

FRI514945 0.4 pL . cDNA 1.0 pL . ddH,0 8.2 pL.
FLR S 95 CTHARME 30 5595°C7EME 5 5, 60°CIE k
30 s, 3L A0 MEIR . LA B-tubulin FE IR g N 2 X 1E
e, AR RER . R ELE 3K,
1.3 HIESH

K DPS 9.5 #AF X560 s 17 40 1104t
I FH Duncan PG &2 W 22 6001 725 55 W 8 A G

2 ERESH

2.1 RARERAARPABRTENFSRME

SEA RSB R 1927 1 1q30 28 75 ik FFY 2R s 28 1N
YL J5 ILFRAT 7 BRBUIE S AR IR, 43900 127-1 .1q27-
7-1.1q27-7-2..1q30-1,1g30-2-1 . 1g30-2-2 #l 1q30-2-3
PUMERARIIR HF 1.75x107, PidE AR EC, AT
1.37~3.90 pg/mL Z [A] , FLHEATEAN T 3.21~8.16 f5 2
], 7 AR S AR AR SR AT AR T FH PR R (3R 2)
22 RERARKERNERTENESESH
221 FMEE TR AL M

TRRPT M R ARG AR IR G, 5 S ARRER
10 £8 B EEAE 2000 91 3.44~8.16 151 3.42~7.97 13
(FR2). THRIUERZBIRNGIAHEZREN T
0.92~1.07 Z [ (% 2) , & WA BT M 5 AR (A 0T 2 ik FH B4
R AT RERR R i

R2 RERARERNARFARRREEOIEERRTERESE

Table 2 Resistance factor and resistance stability in difenoconazole-resistant mutants of Colletotrichum gloeosporioides

EC,/(ng/mL) PUHEAE 4L Resistance factor Hizhik:
RABGEER  gift s iofk Bk Hsit ok ERAER e S g
Isolate or mutant  The first  The fifth Thetenth The first  The fifth  Thetenth Factor of sensi-  Resistance level
generation generation generation generation generation generation tivity change
1g27* 0.43 0.43 0.43 / / / /
1927-1 1.37 1.47 1.47 321 3.44 3.43 1.07 {E#t Low resistance
1q27-7-1 1.79 1.78 1.69 4.19 4.17 3.94 0.94 l&HT Low resistance
1q27-7-2 1.59 1.47 1.46 3.71 3.44 3.42 0.92 T Low resistance
1g30* 0.48 0.48 0.47 / / / /
1930-1 1.82 1.80 1.72 3.82 3.79 3.66 0.96 {E#T Low resistance
1930-2-1 2.61 2.60 2.55 5.47 5.47 5.42 0.99 fIl&PT Low resistance
1930-2-2 3.90 3.88 3.60 8.16 8.16 7.65 0.94 4% Low resistance
1930-2-3 3.86 3.82 3.75 8.06 8.04 7.97 0.99 3T Low resistance

* il s N SEARBURTE R, TR Pt 245K, * indicates sensitive isolates, while the others are resistant isolates.

222 R TARIIRE AR

Pt 2 AR AR 5 BRI BE P BRI A7 A 2
5o Pk 5 AR IR 5 BUB R PR 1Y T VR BLAR B TE 28<C
s fe K, 43591134 73.00~78.33 mm £1180.67~81.00 mm,
MI7E 37°CHe /N, 439 4 5.00~10.67 mm A1 11.33~
11.67 mm; 7E 25 CHI itk 5 R IR R B % BARUR T

28°C ), HL 35 I 38 /N F 508 BR AR 1) TR VK BLAR 5 fE

16°C 1 20 °C B B 28 28 1A 1 TV A2 5 B0 B v

AP TE ELARAI S (K 3) .

223 WHERAKGEREE FRERIRT
BUPE 22 A8 1A 1927-7-2 1 28°C I} 1 T8 22 46 K ik

R R B AR 1927 A2, 430 4 11,19 mm/d
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11.52 mm/d, HoA BT M 58 28 AR TE 28 °C Bif (19 A8 R i 32
B EACTRURIA R . itk oA 14 1q27-1 Fi11q27-7-2
(187t i 1 B 2 v T BURR DA PR 1927, 301l 35 5] 9.241¢
10°/>/mL #19.38x10°4~/mL, T P ik 2 28 1A 1927-7-1
(Rt et i I U TR R 127 Bk 2828 A 1q30- 1,
1g30-2-1.1q30-2-2 Fil 1q30-2-3 1 7= fl fE A T 12.13 %

10°~15.64x10°4~/mL Z [d] , ¥ W & = T 8O bk
1g30 197 fil it . HUPEZE 1A 1927-7-2 . 1930-1 . 1930-
2-1.1q30-2-2 F11q30-2-3 [ BU% 7 . 35 58 T R0k
BRI TE TS50 91 4 34.70.61.80.48.01 F1150.24 ; 1
itk A8 1A 127-1 1 1q27-7-1 B30 77 583555 Tl
JREPERE(F4) .

3 RERARERE TR FIRWREE R LR AR E R EER T

Table 3 Effects of temperatures on the mycelial growth of difenoconazole-resistant mutants

and their parent sensitive isolates of Colletotrichum gloeosporioides

A GEARAR V% H 4% Colony diameter/mm
Isolate or mutant 16C 20C 25C 28C 37C
1q27* 33.00£1.00 b 57.00+1.00 a 76.33+£1.53 a 80.67+0.58 a 11.67+1.15a
1927-1 29.00+0.00 ¢ 29.33+0.58 ¢ 68.00+1.00 ¢ 75.33+1.15b 7.33+0.58 b
1927-7-1 36.33£0.58 a 55.67x1.15a 71.67+0.58 b 75.00£3.46 b 5.00+0.00 ¢
1q27-7-2 27.33+0.58 d 46.33+0.58 b 71.00+1.00 b 78.33+3.21 ab 5.00+£0.00 ¢
1q30* 34.00+1.00 a 57.00£1.00 a 77.33+1.15a 81.00+£1.00 a 11.33+0.58 a
1q30-1 28.00+0.00 ¢ 56.00+2.00 a 67.00+1.00 d 74.00+0.00 be 10.67+0.58 a
1q30-2-1 33.00+0.00 b 52.00+1.73 b 70.00+0.00 ¢ 73.67+1.15 be 9.00+£0.00 be
1q30-2-2 33.00+0.00 b 55.00+£1.00 a 68.00+0.00 d 73.00+0.00 ¢ 9.67+0.58 b
1930-2-3 34.33+£0.58 a 55.00+0.00 a 73.00+0.00 b 75.00+£0.00 b 8.67+0.58 ¢

R R 2 o RSB S A F)/NG R 378 28 Duncan PO A M 22 G 56 25 5 .35 (P<0.05) o *FT7s 2%
AHURE R, AR M PirE2R 451K . Data are mean+SD. Different lowercase letters in the same column indicate significant dif-

ference by Duncan’s new multiple range test (P<0.05). * indicates sensitive isolates, while the others are resistant isolates.

R4 RERARERN AR ARMREER L RAHRERNERER FREMNEHN

Table 4 Growth rate, sporulation and pathogenicity of the resistant-mutants and their parent sensitive isolates

of Colletotrichum gloeosporioides

SEA TR R PRl 58 AR A A RKGHR FEf N R R
Isolate or mutant Growth rate/(mm/d) Sporulation/(x10°4~/mL) Disease index
1q27* 11.52+0.08 a 7.69+0.05 ¢ 24.00+0.64 b
1927-1 10.76+0.17 b 9.24+0.03 b 18.29+0.33 d
1927-7-1 10.71+£0.50 b 1.76+0.02 d 22.29+0.82 ¢
1927-7-2 11.194+0.46 ab 9.38+0.01 a 34.70+1.07 a
1q30* 11.57+0.14 a 10.64+0.01 e 34.36+2.79 d
1930-1 10.57+0.00 be 14.25+0.02 b 61.80+1.41 a
1930-2-1 10.52+0.16 ¢ 12.76+0.01 ¢ 41.14+0.54 ¢
1930-2-2 10.43+0.00 ¢ 15.64+0.01 a 48.01+0.86 b
1930-2-3 10.71+£0.00 b 12.13+£0.01d 50.24+1.09 b

R TR 22 o RSB 5 A [F)/NG B 378 28 Duncan [T A2 M 22 a0 56 25 5 .35 (P<0.05) o *fT7R 2%
AR B RE, AR MR T2y PE 28281k . Data are mean+SD. Different lowercase letters in the same column indicate significant

difference by Duncan’s new multiple range test (P<0.05). * indicates sensitive isolates, while the others are resistant isolates.

23 FEBRARBERERENZEHZERME
PUPEGEAL P B AR BRI AT Ak P P e 4 U
A5 KT PR A M 4 R 22 ) )R O R 8K 0,80,
H P<0.05, 2 WIHT M5 A A A BRI A SRRt 25
R IR Y BRI N BRI 2 ] AT AR A HA
Mo PR SRR IR B AFURRGR R A Ik R i e
5 OGRS B A 25 TR 5 S g ek e i 1 119

BEURRE: 22 18] FR AR SRSt 3, 28 WA 2R ik H B 5 g

fief Fiie e A 22 TR R FRUNE Mg B M ik BT 5 = [R] JE 28 B

PrrE(E 1),

2.4 HUEMBBERR cyp5S14AF cypSIB K54y T
KGIEHIRIETE cyp51A4 FEH FH 4K 1658 bp

(GenBank JF515 4 OL845618) , & 47 3 A1 i 1Al

2PNEF,cDNA KN 1542 bp, HURTEHR AT



1028 i/ A 4943

P RALK cyp5 14 FEIH ) cDNA P31 5E 4 M TR, o H
MZH BRI . RGAHITR cyp5 1B KK 51
42K 1 723 bp(GenBank J7 41524 OL845619) , % 47
3INHMEF A2 AN EF, cDNA 21Ky 1 581 bp.
TEURR TR MR L 28 AR AR 1 cyp51B BE 1K ¢DNA J7 51

St AR BAL TR AR . USRI BRI 58
AR cyp5 14 T cyp5 1B FER )5 81 X Fp 5134k
MHBRARF I Beo 25 FRUIPIESR ARG ENL
iS5 cyp5 14 Fl cyp5 1B FERI Y 15848 TE R

0.8 1.0 1.0 -
o = =
S i ~= E
,\og 06 . Y O,,§ 71.]_ ° P\Cgill_ ° . [ ] L]
J5 04 E S JE .
i 85 121 . g R
2 021 ° S RE . :
oy & i Faggcy . 2 ’ . o
B2 00l § 5 139 . . B
2J 2J . 2% 131
< 0.2 . g 14 %
o o. .‘ ED 2
04— 15— U
~0.6-0.4-0.20.0 0.2 0.4 0.6 0.8 ~0.6-0.4-0.20.0 0.2 0.4 0.6 0.8 ~0.6-0.4-0.2 0.0 0.2 0.4 0.6 0.8
0.6 -1.0
[=]
= . _
3B 08 s ~§ 111 .
[S8)] ﬁ [ ° %.E
&% -1.0 4 . R EIJ) S 12 o . .
"/ 3 o = ’ ¢ .
L 121 . e . .
2 = B 134
S 1.4 S U
?, g . el
232 16- T3 144
o0
<98 15

-0.6-0.4-0.2 0.0 0.2 0.4 0.6 0.8

-0.6-0.4-0.2 0.0 0.2 0.4 0.6 0.8

log GRBEFIFRMAEC, ) log(EC,, of difenoconazole)

E1 ABRABEAERENZBHZEHE

Fig. 1 Cross-resistance between difenoconazole and some other fungicides
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R AEDUME B IR N BEA OO XU . — ek
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SRV XA 30 R A R 1 (R IR 45, 2017) , & B iR
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Fig. 2 Relative expression levels of cyp514 (A) and cyp514 (B) in difenoconazole-resistant mutants of

Colletotrichum gloeosporioides and their parent sensitive isolates
P B A P BB 2% . AR R/NG T RERZR 42 Duncan [RGB 2 W 22 TR G 5645 SR8 1A 55 HE R A SRR R Pk 2 1) 2 S b 25

(P<0.05)., Data are mean+SD. Different lowercase letters indicate significant difference betweem mutants and their parent sensitive

isolates by Duncan’s new multiple range test (P<0.05).
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PPAEBIEM FEREZ —. WHRIRE E Penicillium
digitatum TN HTPELHI A S R Y 2 5
AR 5 cypS5 T FE A 1 3 323K 4 5 (Ghosoph et
al.,2007; Sun et al., 2011) o BACF- 3k SR IR 1 C.
truncatum XFWREE I | T30 SRR Tk FH B0 () 470 7 el
5 cyp51 FEH A3 F k4 K (Zhang et al., 2017) 5 °F-
Sk RAH BN — MR T A P W] 5 ABC (ATP
binding cassette transporter) #% iz % [ 5, MFS (major
facilitator superfamily) %% iz 8 H 9 i Ff 5 X
(Kretschmer et al.,2009) , ASBF5E T, K RALAIH
TR 2 ARBBURR B R S LUt 2 AR AR 1Y) cyp 5 14 FE R ¥
P BRI, HAEPME R R b i Rs A =
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RS, 3 B R TS99 L 1 %o 24 ik Y B s ER) 470 P AL
Tl ATRE 5 cypS 1 FEF M FBA X, XAF T
P AIE

& % 3 #k (References)

Becher R, Weihmann F, Deising HB, Wirsel SG. 2011. Development of
a novel multiplex DNA microarray for Fusarium graminearum
and analysis of azole fungicide responses. BMC Genomics, 12:
52

Cannon PF, Damm U, Johnston PR, Weir BS. 2012. Colletotrichum:
current status and future directions. Studies in Mycology, 73(1):
181-213

Chen SN, Wang YY, Schnabel G, Peng CA, Lagishetty S, Smith K,
Luo CX, Yuan HZ. 2018. Inherent resistance to 14a-demethyl-
ation inhibitor fungicides in Colletotrichum truncatum is likely
linked to CYP514 and/or CYP51B gene variants. Plant Disease,
108(11): 1263-1275

Délye C, Bousset L, Corio-Costet MF. 1998. PCR cloning and detec-
tion of point mutations in the eburicol 14a-demethylase (CYPS1)
gene from Erysiphe graminis f. sp. hordei, a “recalcitrant” fun-
gus. Current Genetics, 34(5): 399-403

Du YX, Shi NN, Ruan HC, Miao JQ, Yan H, Shi CX, Chen FR, Liu
XL. 2021. Analysis of the prochloraz-Mn resistance risk and its
molecular basis in Mycogone rosea from Agaricus bisporus. Pest
Management Science, 77(10): 4680-4690

FRAC. 2019. FRAC code list 2019: pathogen risk list. https://www.
frac. info/docs/ default-source/ publications/pathogen-risk/ frac-
pathogen-list-2019.pdf

FRAC. 2021. FRAC code list 2021: fungal control agents sorted by
cross resistance pattern and mode of action (including coding for
FRAC Groups on product labels). https://www. frac. info/docs/
default-source/publications/frac-code-list/frac-code-list-2021--fi -
nal.pdf?sfvrsn=f7ec499a 2

Garcia-Effron G, Mellado E, Gomez-Lopez A, Alcazar-Fuoli L,
Cuenca-Estrella M, Rodriguez-Tudela JL. 2005. Differences in

interactions between azole drugs related to modifications in the
14-alpha sterol demethylase gene (cyp514) of Aspergillus fu-
migatus. Antimicrobial Agents and Chemotherapy, 49(5): 2119-
2121

Ghosoph JM, Schmidt LS, Margosan DA, Smilanick JL. 2007. Imazalil
resistance linked to a unique insertion sequence in the PdCYP51
promoter region of Penicillium digitatum. Postharvest Biology
and Technology, 44(1): 9-18

Han YC, Xiang FY, Zeng XG, Chen FY, Gu YC. 2016. Sensitivity of
Colletotrichum spp. from strawberry to difenoconazole in Hubei
Province. Journal of Plant Protection, 43(3): 525-526 (in Chi-
nese) [HiAGH, Az, BHE, BrFE, BUER. 2016. Wby
TG ELIG DRGSR PP PR e Py R I . A A DR AP 241, 43
(3): 525-526]

Kretschmer M, Leroch M, Mosbach A, Walker AS, Fillinger S, Mernke
D, Schoonbeek HJ, Pradier JM, Leroux P, de Waard MA, et al.
2009. Fungicide-driven evolution and molecular basis of multi-
drug resistance in field populations of the grey mould fungus
Botrytis cinerea. PLoS Pathogens, 5(12): ¢1000696

Li BY, Shi J, Tian YY, Nie LX, Wang YZ. 2021. The sensitivity to ima-
zalil and cross-resistance against several other fungicides in
grapevine white rot pathogen Coniella diplodiella. Journal of
Plant Protection, 48(4): 774-780 (in Chinese) [4% 57, 4717, M
el el kAR %, FBESE . 2021 % 11 JET g A X J11 i e ) g e
L N H SRR R I 22 AU . AEY AP 2741k, 48(4): 774~
780]

Li HY, Jin S, Zhang XQ, Fan GH, Zhang JX, Xu YX. 2017. Identifica-
tion of Colletotrichum chlorophyti causing soybean anthracnose.
Plant Protection, 43(2): 163-166 (in Chinese) [251 z, #iUM, 5K
M, JUOERE, SRESET, VIR . 2017, RS AENRTA Colletotri-
chum chlorophyti W52 . HIYITAYT, 43(2): 163-166]

Lichtemberg PSF, Luo Y, Morales RG, Muehlmann-Fischer JM, Mi-
chailides TJ, de Mio LLM. 2017. The point mutation G461S in
the MfCYP51 gene is associated with tebuconazole resistance in
Monilinia fructicola populations in Brazil. Phytopathology, 107
(12): 1507-1514

Liu BY, Zhang W, Luan BH, Wang PS, Wang YZ. 2013. Sensitivity of
Botryosphaeria dothidea to difenoconazole and flusilazole and
cross-resistance of different fungicides. Acta Phytopathologica
Sinica, 43(5): 541-548 (in Chinese) [XI{§ /%, A5, 28, T
HER, EYEYE 2013, SRR SO T AR P BRI R SRR I 7Y
HURNE B HAS B . RIS E2EA], 43(5): 541-548]

Liu G. 2016. Sensitivity to tebuconazole of Rhizoctonia cerealis in
Henan Province in China was declined. Pesticide Market News,
(28): 55 (in Chinese) [XI[ . 2016. I 48 /N22 SORG R T H 30X
RIGE TP PR U T RRRER . RS (E L, (28): 55]

Rallos LEE, Baudoin AB. 2016. Co-occurrence of two allelic variants
of CYP51 in Erysiphe necator and their correlation with over-
expression for DMI resistance. PLoS ONE, 11(2): e0148025

Rekanovi¢ E, Mihajlovi¢ M, Poto¢nik 1. 2010. /n vitro sensitivity of
Fusarium graminearum (Schwabe) to difenoconazole, prothio-

conazole and thiophanatemethyl. Pesticide Phytomedicine, 25



440 VIR« R SE ARSI R0 A TE T PRI )BT PRI B DT S AR At 5 1031

(4): 325-333

Ren L, Zhao BB, Han JC, Liu HQ, Liu HP. 2015. Sensitivity of Podos-
phaera xanthii to thiophanate-methyl and characteristics of resis-
tant mutants. Journal of Plant Protection, 42(2): 176—181 (in Chi-
nese) [1T8, MMM, BEELA, XUEOT, X 2015, SR AK
3 T Y B TR 2R P SRR B 3 B S AR R LR 2 R
PRI 2EA, 42(2): 176-181]

Shi NN, Ruan HC, Gan L, Dai YL, Yang XJ, Du YX, Chen FR. 2020.
Evaluating the sensitivities and efficacies of fungicides with dif-
ferent modes of action against Phomopsis asparagi. Plant Dis-
ease, 104(2): 448-454

Shi NN, Ruan HC, Jie YL, Chen FR, Du YX. 2021. Characterization,
fungicide sensitivity and efficacy of Colletotrichum spp. from
chili in Fujian, China. Crop Protection, 143: 105572

Shi NN, Ruan HC, Jie YL, Chen FR, Du YX. 2022. Isolation and iden-
tification of Colletotrichum species associated with soybean an-
thracnose in Fujian Province. Journal of Plant Protection, 49(2):
539-546 (in Chinese) [ 1, B, #8704k, B, AL
. 2022, AR AAE KR BIE o IR A 1) 23 8 5 M . A IR
2F 4R, 49(2): 539-546]

Shi XJ, Ren L, Wang HJ, Han JY. 2019. Sensitivity of early blight
pathogen Alternaria solani to difenoconazole and fitness of resis-
tant mutants. Journal of Plant Protection, 46(1): 201-207 (in Chi-
nese) [LIE N, ALHE, TR, ST . 2019 V44 i
3 A X A P A 119 SR B U AR IR TS A5 B . A IR
4R, 46(1): 201-207]

Song JX, Zhang SZ, Lu L. 2018. Fungal cytochrome P450 protein
Cyp51: what we can learn from its evolution, regulons and
Cyp51-based azole resistance. Fungal Biology Reviews, 32(3):
131-142

Sun XP, Wang JY, Feng D, Ma ZH, Li HY. 2011. PACYP51B, a new
putative sterol 14a-demethylase gene of Penicillium digitatum
involved in resistance to imazalil and other fungicides inhibiting
ergosterol synthesis. Applied Microbiology and Biotechnology,
91(4): 1107-1119

Wang J, Shi DY, Wei LL, Chen WC, Ma WW, Chen CJ, Wang K. 2020.
Mutations at sterol 14a-demethylases (CYP51A&B) confer the
DMI resistance in Colletotrichum gloeosporioides from grape.
Pest Management Science, 76(12): 4093-4103

Wang SQ, Ma J, Wang M, Wang XH, Li YQ, Chen J. 2019. Combined
application of Trichoderma harzianum SH2303 and difenoco-

nazole-propiconazolein controlling southern corn leaf blight dis-

ease caused by Cochliobolus heterostrophus in maize. Journal of
Integrative Agriculture, (9): 2063-2071

Wang XK, Guo BB, Gao YY, Mu W, Liu F. 2017. The toxicity of six
triazole fungicides to Cladosporium fulvum and their safety and
field efficacy in the control of tomato leaf mold. Journal of Plant
Protection, 44(4): 671678 (in Chinese) [ b, I I, H45
M, 518, XU . 2017, 7S = RIS 1% T 700 X 2 35 -2 T 119 27
3 B FCAE A VR ) B 2O . A PR 2 i, 44(4): 671
678]

Wei LL, Chen WC, Zhao WC, Wang J, Wang BR, Li FJ, Wei MD, Guo
J, Chen CJ, Zheng JQ, et al. 2020. Mutations and overexpression
of CYPS51 associated with DMI-resistance in Colletotrichum
gloeosporioides from chili. Plant Disease, 104(3): 668-676

Xian F, Liu ST, Li Y, Chen J, Pei LL, Yu Y, Yang YH, Bi CW. 2015.
Sensitivity base-line and resistance detection of Magnaporthe
grisea to tebuconazole in southwest of China. Chinese Journal
of Pesticide Science, 17(6): 753-756 (in Chinese) [ ¥, X1 il
U, Z5F0, BRZS, FERIRN, AXTE, AT, BERIA. 2015, PYREHLIX
TR T o S 2 14 SR B Al ST B B Wl . e 242725
i, 17(6): 753-756]

Xu JQ, Diao XW, Li H, Yang X, Wang BB, Liu QT. 2016. Sensitivity
to difenoconazole and tebuconazole of Rhizoctonia cerealis in
Henan Province in China. Chinese Journal of Pesticide Science,
18(5): 582-588 (in Chinese) [ a5, <1 240E, 251, i, T4%
T2, XU DRV . 2016, H [T R 44 /1N A2 S0 5 T X 4 ik PP B0
DM BB . A 22253, 18(5): 582-588]

Yu CW, Xin YH, Lu W, Xiao B, Wang XC, Yang YJ. 2016. Diverse
Colletotrichum species cause anthracnose of tea plants (Camel-
lia sinensis (L.) O. Kuntze) in China. Scientific Reports, 6:
35287

Zhan JS, Wu EJ, Liu XL, Chen FP. 2014. Molecular basis of resistance
of phytopathogenic fungi to several site-specific fungicides. Sci-
entia Agricultura Sinica, 47(17): 3392-3404 (in Chinese) [E X
O, R, RIVGHT, PR . 2014, AHYD9% R 0 LR BB
B S T R G BT 24 PR S AL L rh RO RE 2, 47(17):
3392-3404]

Zhang C, Diao YZ, Wang WZ, Hao JJ, Imran M, Duan HX, Liu XL.
2017. Assessing the risk for resistance and elucidating the genet-
ics of Colletotrichum truncatum that is only sensitive to some
DMI fungicides. Frontiers in Microbiology, 8: 1779

(FrAE st 5= £ 4R)



