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BE. Hut—F A 14a-50F KB A K B CYPS5S1A £ RS54k 71 H Fusarium graminearum % =
KA A BB P a9 4E A, A A Split-marker 77 & SR R 54k 71 CYP51A4 3% B 5F 3R 43 3k
CYP51A 3 R 69 R 54k 71 A AFgCYPS1A Bk, FeAZ A MR A 55 £ A B 4k PH-1 X 5 AF = 25 301 A1)
R T, 2R A, AFgCYPSIA B k3t A 2iek e BF Mivd BF | = v B3 Ao = v B 49 ECso
H1 4 0.024, 0.047.0.148.0.154 #2 0.474 mg/L., AFgCYPS1A HAkF s BF | = v B | = vk R A= 79 2R
ol 4 SR PR3 R G m i X M e BE A AORE PR B AL, R FeCYPSIA R R 5 R 54k 71 1 F
Zrd R A BRI X

KW : RS ; CYPSIARR ; vk R F R A 5 BB ) F R E

Effect of CYP51A gene of Fusarium graminearum on sensitivity
to five triazole fungicides

Qian Hengwei Chi Mengyu Zhao Ying Zhao Yanxiang Huang Jinguang’

(Key Laboratory of Integrated Crop Disease and Pest Management of Shandong Province, College of Plant Health
and Medicine, Qingdao Agricultural University, Qingdao 266109, Shandong Province, China)

Abstract: To understand the function of 14 alpha-demethylation encoding gene CYP514 on the sensitiv-
ity to triazole fungicides, the Split-marker approach was used to generate the FgCYP51A4 gene deletion
mutant, which was named as the AFgCYPS51A strain, and the sensitivity was investigated and compared
between AFgCYP51A strain and wide type strain PH-1. The results showed that the ECs, of AFgCYP51A
strain to propiconazole, tebuconazole, diniconazole, triadimenol and triadimefon were 0.024, 0.047,
0.148, 0.154 and 0.474 mg/L, respectively. The sensitivity of AFgCYP51A strain to tebuconazole, triadi-
menol, triadimefon and propiconazole increased significantly compared to the PH-1 strain, but the dini-
conazole had no significant change. This research proved that the FgCYP51A4 gene was sensitive to tri-
azole fungicide.
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T, 52 M AU A 225324, NI 38 SR RCR (Y-
an & Zhou,2005) . H TZEAFIERALE R —, I
HA W & 200K 7 & A BT 257 (Chen et al.,
2007) . AFFERM, R FEXT 208 R T 2itE &
BLREPA Bo-tubulin (Y 55872, BRI S8 5 | B
HIPTME A A AE— R 1) 22 5% (Chen et al., 2009; Qiu
etal.,2011), — MR IR HS msed F S il 550
() — 2, 5 BT TR | = AR A R = I B (Yin et
al.,2009) . ZFFIVEH T HBAEY & BaRfE T
14a- it H FE§# (sterol 14a-demethylase) , f#f EL B 1 42
£ BER AR B B2 B BRI A T RE , DA T4 1
I DA 1 AR K BRI SR Sy 55 T O 35 £ 41 7 561
(sterol demethylase inhibitors, DMIs) ( Siegel, 1981) .
P R BV 7 S A B B 8, H i T
BRI BiiG/ INZE AR B i 245

RABRTIE &4 34 CYPST I, 43 52 FgC-
YP514 . FgCYP51B I FgCYP51C, 9K Ho 4 15 i 2
FERR Y H0 W R s B AR Y- D RE AN 5 AN o
FgCYPS51B HE K 4 ft 1) 25 11 2 i 2 nY D Rg ik fS i
140~ i HY S , 125 PR A 2 2960 T LI 00 75 2
s FgCYPS1A j&— D] i G RIR B, 5055 J v 0
RIS R TR ) A BB B DA OG5 FgCYPS1C A
WA S 5 Gt S T 14a- M6 FF S , 52 555 JRL TR 1)
FHORMEA &, 15 R 5 ) i BURE: JC 5% (Fan et al.,
2013), Fan et al.(2013) 5245 5 %W, AFgCYPS1A
BARXT 7 s R B A R BB 23 0, X 5 Liu et
al. (2011) By BF 5T 45 R — 3. IR W Magnaporthe
oryzae ) CYP51A4 FE N bR 5 , HXT 2 Fpme 2%
A7 v B BURR , it — 2B UL CYPS 14 L 7F IR 1A
XoF I A % TR 39 18 B e vh & ¥ 2 P EAE FH (Yan et
al.,2011),

KTF/NEIRBEIRB IR 23R A 2 (HEE X
AN TRV A AT O T M E D . Liu et al.
(2011) Fl Fan et al. (2013) WF 5345 R0, A [E g =
M A 2K B R AN IR B9 R A 4k 70 1R CYPS TS
Qian et al. (2018) %} FgCYP51B #bx 55 4 = 4E 45 1)
B = 2R TR A A BAE AT TIRAMEIE , &
M FgCYP51B & 15 M fist | DR P [ 355 R ) it
175 WA | — AR IR ) S RN A . ARG
CYP5 14 5 A =R TR A R ARG TR I A=)
TP VR, DL R 3% H 6 AFgCYPS 1A B R L
B2 . AW W CYPS 14 FE D AR 15 3
e SRR AFgCYPS 1A T AR , SR 58 HEXF 5 =
s 2H % R R SRR L LAY A L [B) Bl 3 /N 22 AR B

PO AR
1 Rl 57%
1.1 w8

Bk AR i T R B A2 B B R PH-1 H
A B2 B A PR I T T T 1 e

BE R AL . S 4 ) B 3 I8 (potato dextrose
agar, PDA) 85 375k . 25 7 T2 50200 ¢ A 454 20 g
RIEHE 15 g Z81RK 1 Ly S8 A 44 A ¥ (potato
dextrose broth, PDB) 17 7% 3 . 25 % T 44 2 200 g, &
W20 g ZEIRK 1 Ly 8 = 555 55 1% 100 pg/mL
INFE 2R ) PDA BRI SR A 1 9 5L 30 g 4 2 i
A 800 mL /K 1 10 min, 25 F] 1 000 mL,
KR 5 R 8 R A (yeast extract peptone dex-
trose, YPS) K5 373 : WELEHRHRY) 3 o AR B 1IR3 g
JFERE 200 g 7T 800 mL /K o, FE A4l B A FI 1L,
T TR IR 5 AR B R 3 40 g BERFAR LY (40 g 2R
FUK AR T 800 mL /K HY, SE 70, EA 2 1 Lo

R K 25 7] YR A 7S B — 3 (cetyltri-
methyl ammonium bromide, CTAB) .J#l 5 % 1% R Y
B JE R EAEYHARA A E 5 LA Tag. Tag
PCR Master Mix ,DL2000 DNA Marker, 5/ 4 T
(K% ) A PR F) ;s PCR W 4liAkiF) & . DNA J B¢
PR SR ok PR B AR &, AR A R
e (b mD) A R AR He il n o8 B 7 40 drdti
96% — M 2% 2K T 711] 475 14 152 (diniconazole ) AT P 43
7 ,96% = Wi (triadimefon ) FL il . 96% = M i ( tri-
adimenol) AP 7] . 98% ML (tebuconazole ) 1]
FEPE A 5770 F1 97% A BRI (propiconazole ) ZLiH , 1
CL TR By A R F]

X3 : GXZ-280B YL HRRE TR 48 , T AR B A AR A
FR 2\ F] 5960 % Heal Force & R4 BE Y, (UM A ks Ak
AT B/ ] ; CX22LEDRFS 1 i , H 7% Olym-
pusA .
1.2 ik
1.2.1 KRB 71 8 A& F ZEDNAFE IR

W R A Bk 71 T Bk PH-1 £ 5 21 PDA 15 97 3%
I BT 25 CRE A RIS EE IR 4 d FF TR 22 KT
B>k HI CTAB 2 U P 41 DNA (907 K45, 2009
fr%e a5, 2017) o WOEE T 22, WA U oK, X
100 mg #3 A & 1.5 mL 25048 5 A 200 pL 2%
CTAB 27 K 25 /BT 65 COKI R TRk ik
1 h B B0, R = 0, A SRR 05,
FUPRY , IR EFE 2 min, 12 000 r/min 250> 15 min,
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F 20 HUF SR E 1.5 mL 2045 T, A SRR
() S DR BE ¥ B2 1T $8 sl (5K 2 7853
RAZZRY BB, -20°C ik & 20 min; & & T LA
12 000 r/min %> 15 min, {fi DNA JTIE, # FI5W ,
FH70% & BEPE U DUTE , T LA 7 500 r/min 5.0
5 min, i FIF W, 2R T B DNA; AILA 30~50 pL
(K TR K % DNADLTE , B T -20°CAR-AF -
1.2.2 KRB 71 AFgCYPSIAK B sk 7 %

K H 5 & — % (polyethylene glyco, PEG) 41
(1 Ji A AR 55 4k Split-marker PCR A B 72 (Catlett
et al., 2003; Hou et al., 2013) X} 7K 4 8 7] # FgC-
YP51A SR AT R o B B ARAS 1 A I B R
PR IR A R BE AL BIR 4l ) B A i PH-1 6l 7%

(IR A i . PCR Zr 2 e AT 9 G S . 55 148
PCR D) R 454 71 T8 7 bk PH-1 2 [ 2H DNA AR
HAp 5 MI3R FIHY ¥ H W 5 RIELH W 5 F B
(HY), HIFFIKJE A 1274 bp; 514 YG FIMI13F
P A R IEH I3 FBH(YG), HIFFIKE N
883 bp; 514 AF1 Fll AR1 ¥4 CYPS14 3L i F
Br(A-5), HEYJPHIKJE A 882 bp; 541 AF2 Fil AR2
PHE CYPSIARER Tt B (A-3), HIF S N
954 bp. 2% M2 K ALA PCR, IHY 5 A-5 F Bt
REHT, 518 AF1 5 HY #7918 L YG 5 A-3
A BONER, B9 YG 5 AR2 A TH 3, 2 Z il i
PCR =¥ 2 it 4lifk (bt 3 6 45, 2015) J5 FHF IR AR
REAL, PCR & 385 N3k 1 FR .

R 1 REBETIE CYPSIA EFBEIS| Y

Table 1 Primers used for deletion of FgCYP51A4 gene of Fusarium graminearum

5|4 Primer JF%1(5'-3") Sequence £ Note
AF1 TCGGTCAGGATGGTCTCTGG P18 FeCYPS 14 FEH 5" iy 5 H- B
ARI TCCTGTGTGAAATTGTTATCCGCTGAA- Amplification of 5 flank of FgCYP514
GGCAACTACTCAAGCAGGG
AF2 GTCGTGACTGGGAAAACCCTGGCGTG- 1 FgCYP514 FEH 3" vy 51 F Bt
AGAGTCAAGTTGTGTTAGCATCC Amplification of 3 flank of FgCYP514
AR2 GAGTCCGCTGTCTCCATAGACC
MI13F CGCCAGGGTTTTCCCAGTCACGAC 3244 Split marker
MI3R AGCGGATAACAATTTCACACAGGA J323%RiC Split marker
A-F ATGTTCCATCTACTCATCTATCCCTTAT FgCYP514 R % 5E
A-R CTATATCTTCTTCCTACGCTCCCATCGA Confirming PCR of FgCYP514 gene
HY GGATGCCTCCGCTCGAAGTA V1 HYG 3L 5 )78 R B
Amplification of 5' flank of HYG gene
YG CGTTGCAAGACCTGCCTGAA P18 HYG 3L 3 )75 B
Amplification of 3’ flank of HYG gene
GCl ACTTCTCGACAGACGTCGC BRI PCR B6IE
GC2 TGGCTGTGTAGAAGTACTCG Confirming PCR of gene deletion mutants
A-5out F GATTTCCATACCAGGTCAC FgCYP514 LR PCR KHIE
A-3 out R ACCTTTCCAACCGTGCTG Confirming PCR of FgCYP514 deletion mutant

1.2.3  RAFIKH &L 4L

VR ) B R PH-1 T8 22804250 T PDA 15
FRIE b, B R SR, 25°CH 9 3 do HUE TR
GG E  B 6 N PE, 25°C TR A
200 r/min JRFE1EFE 24 s 1 YRR 5346 7 -2 A
T 400 mL YPS }5 % 3 v, ffi il 5 2700 1084,
16°CF LA 160 r/min #RFEHT 77 12 h; W e 22, IFH
0.7 mol/L NaCl¥A i st , 4 141 22 H B B P T 40 mL
Wi f e v, 31°CTF LA 90 o/min 3354595 , W% 2 h s
it I () Ji A AR TR B9 4 000 r/min 5.0> 10 min,
I U U R A A R AR A 1 mL Y STC
SRR I TR E 1.5 mLELOE LS 000 r/min
B0 2 min, 37 FIER, BE LR, BEARIAT 10 mL

[ STC ZZ vpif h BT E VR, R P HR I, %
10 uL iR A PCR =N A S 200 pL JFA: JF A8 17 i)
PR AT, & T CE 20 min; 52520 A 1 mL
40% PEG 8 000 /N0y 84312, & il T iUE 20 min;
JA 20 mL P4 5 R 58, & IR R 5 i e a5 R A R AR
JERTEAE o KR ALBOINA B PDA B3 56 A
WEEH 100 pg/mL A 2, 25°C T BIE 5 3~4 d
JE PR AT (30745 ,2013)
1.2.4 3T HPCREE

PERUREAE % 100 pg/mL 15 £ 1) PDA B 55 |
IEH KA L7 3L 4] DNA, FI|FHZ & PCR
P AT A %5 . R A-5 out F FIGC1 .
GC2 F1 A-3 out R, FgCYP51A XN H SH %51 9 A-F
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FIA-R X} FgCYP514 BE [ #E 47 PCR Y3 , LL# &
FgCYP514 3 X 5 Marker 5¢ 42 & A= [7) Y5 5 41 9
o AR PCR Wi K/ NI A A7 2 75 IR
LB A= U TR PR PH- 1 AE X) BRI T DNA %4t , X PCR
AFIE# ) FgCYP5 1A X #5416 7747 South-
ern blot % 3iF (Bluhm et al., 2007 ; FG#%E,2010) . ¥f
Yo IE W IS AL T 45 h AFgCYPS1A TR Bk, B4R
TSRk bR FgCYPS 1A FE R Y BBk
1.2.5 KRB H B AT B A bS] 2

K FH AT 22 4 Kl 8 16 I 5 R 45 ik 70 TR AFgC-
YPS1A TR 5 R = MK ) @b . =
FEAV RS S BTEE | — W] | — IR | DR BRI s A P 4
) E ) 1 e BE A 100, 400,100.,25 150 mg/L Y&
W, 53 B FR 257019 0.15.30.62.5.125.250.,500 pL
JIAE] 50 mL (¥ PDA Br ek opr , i £5 s ) T4
W FE 4y %) R 0.,0.030, 0.060., 0.125 ., 0.250. 0.500 .
1.000 mg/L, — M i (1) T-4F ¥ B 43 51 4 0., 0.125
0.250.0.500,1.000.,2.000,4.000 mg/L, = M (1) T.
Y7 BE 43 314 0.,0.030.,0.060,0.125,0.250 ., 0.500
1.000 mg/L, P53 M 1Y T4 ¥R 5 43 5112 0.,0.008
0.016.0.031,0.063.,0.125,0.250 mg/L, 4 M i %) T
YA 2 43 531 9 0.0.016.,0.031.,0.063,0.125 ., 0.250 ,
0.500 mg/L. FAEA 251 PDA H5 5315573 d
(AR 23 Bk 0 TR P VR F T HCEL AR S 6 mm 1 B, B P
DHER TS AR 25 B PDA S5 57 5 1 24
FHe B 8 3K E A, LIAS B 2411 PDA 55553k Xf
BB R VS B T 25 CHEIR S FAa 55 . 12 h IR LU+
TR SR RV EAR AR A SR A K %
(FHEIAE,2017) o BRI 224 KAl %= O B R 75 B
BB V& E AR )/ O IR VE BAR - F AR ) x
100% ., ARA4¥5E T B PH-1 BEARXT 5 Fh =R B
ORI R R (Y 73
1.2.6 KRBk 71 H B BT B A 89 ECso

iz FH Excel 2007 8545 B 22 A= K i 2R 45080 1k
TTAbHE 75313 77 [0 jh 28 77 F2 y=a-+bx I35 1 3l
HR B ECso 5 I R B (Li et al., 2014; I
2014),
1.3 EIBSH

FIIFH SPSS 16.0 S X £ 4 i1 T 58 13 i, R
RS IR BRI A T 22 S W A 5

2 HER55H

2.1 AFgCYPSIAEMREELER
TE FgCYPS 1A B @i R % b+ 44-8 55 44-9

PHEF]1 45291 500 bp Y HYG KR 57 741 B (5 out)
F11251200 bp ) HYG FEH 37 )75 B (3 out) 4571
757 A= BB RE PH-1 A ARSI B 3X 2 45717 , AR s PCR
S 1 /N B ) 2 R A AL B E ) 7E FgC-
YP51A BN B R AL T 44-8 5 AA-9 v R A6 I 3]
FgCYPS1A XL F Bt , 1 B A= U TR Bk PH-1 Fh 47 314 2]
FgCYP51A4 v Bt , i FgCYP51A4 N mf B % 1k
AA-85 A4-9 1 FgCYP5 14 3P se 83 (K1) .

bp M S5out 3out  CYP5iA
2000
1500
1000

2000
1500

1000 _

44-8

44-9

2000
1500

1000

E 1 FgCYPSIA EFRBRELFHIPCREE
Fig. 1 FgCYP51A4 gene deletion confirmation by PCR products

M: DNA marker; PH-1: BPARITERE; S out: HYG 3K 5

AR BE; 3 out: HYG HEH 37 R4 Fr By s 44-8. A4-9: FgC-
YP51A K& X @B T Bk . M: DNA marker; PH-1: wide type
strain; 5 out: 5’ flank of HYG gene; 3 out: 3’ flank of HYG
gene; AA4-8, 4A4-9: FgCYP51A4 gene deletion mutant strains.

Southern blot 56 UE 45 75, B A= AU B #% PH-1
BE 1 5% 2.1 kb Y4571, MUBRIR AR 44-8 55 44-9
BUEH 1 453.2 kb Y4571 , 5 USSR — 2, B %
TE AT A4-8 5 A4-9 ¥ 0 IEHAI FgCYP1A
R AT (E12)

bp M PH-144-844-9

PH-1

9416 e
6557 e
4361 =

bp

C 3200

2322 W 2 100
2027 W

B2 FgCYP51A EER L FHI Southern blot £7E
Fig. 2 FgCYP51A4 gene deletion confirmation by Southern blot
M: DNA marker; PH-1: BF/EHIBRE ; 44-8. 44-9: FgC-
YP51A J R G BR W #k o M: DNA marker; PH-1: wide type

strain; 44-8, 44-9: FgCYP51A4 gene deletion mutant strains.
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2.2 REBIEEEKIT REF OB
AFgCYPS1A A ¥R 7E 7 0.0.030.0.060., 0.125
0.250.0.500,1.000 mg/L J{MEEEAY PDA 5373 [ [
B 22 A KA R 4351 A 0% . 56.0% . 76.0% . 82.3% .
91.3%.95.4% . 96.4%; 1£ 5 0.0.125,0.250., 0.500
1.000.2.000.4.000 mg/L = MM ) PDA 855558 1
B 22 8 KA 2R3 500 0% . 14.7% . 26.8% . 57.2% .
74.9% . 86.2% . 92.1%; 1 % 0. 0.030. 0.060, 0.125,
0.250.0.500.,1.000 mg/L = MeEE () PDA K552 56 1 (1) 18

%

0250mgL 0

—

—

0 mg/L 0.016mgL  0.031 mg/L

0.063 mg/L

27 e KA R 55 R 0%, 4.0% . 14.4% . 54.2% .
70.0% . 86.9% . 92.4%; 1£ % 0.0.008.0.016. 0.031,
0.063.0.125.,0.250 mg/L N IR PDA 15323 [ )
B 22 A KA R 4351 A 0% .20.5% . 42.4% .60.7%
70.9% . 81.7%.91.2%; £ % 0.0.016, 0.031,0.063
0.125.0.250.,0.500 mg/L 4 M B PDA 15373 [ 1)
B 22 A K R 43 5 0%.,9.8% . 14.2% . 24.3%
51.2%.64.0%.76.2%([%13) .

0.250 mg/ 1.000 mg/L

1.000 mg/L

2000mg/L  4.000 mg/L

\ \

A N

0.500 mg/L

0.250 mg/L 1.000 mg/L

\ i \

0.063 mg/L 0.250 mg/L

\\.
S

-

0.125mg/L  0.250 mg/L

0.500 mg/L

3 RBEFEIIE AFgCYPSIA Bk A [EK B 5 = M 2R 25 77 A SR 1

Fig. 3 Sensitivity of five azole fungicides with different concentrations on mycelium growth of

Fusarium graminearum AFgCYPS51A strain
A~E: JOMREE | — MR | —IREE | PYERME | MRS, A—E: Tebuconazole, triadimefon, triadimenol, propiconazole, diniconazole.

5 A A B R PH-1 7£ 7% 0.0.063,0.125,0.250.,
0.500,1.000,2.000 mg/L [ ML) PDA 15373 111
B 22 KA 2R3 510 0% . 38.7% . 60.4% . 71.2% .
79.3%.86.9% . 93.9%; #£ %5 0.0.500. 1.000. 2.000
4.000.8.000,16.000 mg/L = Wi ) PDA 1% 72 3 |
(A BT 22 A= KA 2453 R 0% . 4.3%  11.2% .21.1% .
45.6% . 59.4% . 64.5%; Tr. 7 0. 0.125, 0.250. 0.500,
1.000.2.000.4.000 mg/L =MEFE (1) PDA K5 5= 56 |11 14

22 = KA R 0 R 0% 12.3% . 13.2% . 19.6% .
32.0% . 44.6% . 68.9%; 7£ 7% 0., 0.013,0.025 . 0.050,
0.100.,0.200,0.400 mg/L PN 2R W[ PDA K557 3E 1Y
P22 4 KA R 50 51 R 0% . 8.8% . 17.6% . 25.4% .
39.3%. 58.0% . 73.9%; 1£ % 0.0.013, 0.025. 0.050.,
0.100,0.200,0.400 mg/L J&MEBE Y PDA 15353 [ 1)
B 22 KA R 4 5 R 0% . 5.3% . 20.9% . 28.5%
39.7%.57.2% .69.8% (&l 4) .
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XFH R 45 Hik U0 R BF A B B Ak PH-1 5 FgC-
YP51A 55 R A b5 1 Bk AFgCYPS 1A 7 A7 R 75 25 PDA
K 3 LR B KN, R T FgCYPS14
FEE PR RS ol AR = e it = e i AT A P

A ' =

—

0 mg/L 0.063 mg/L 0.125 mg, 0.2

0 mg/L 25 mg/L 0.250 mg/L

JEVE B RN (P<0.05) , T X s s i JCHA AR fk ,
R A4 D T %o TACA i | = Rt | = IR ) AT PR BRI 1)
HUENE 5 FgCYPS51A4 FLH 'S 340 56, i ARS8 )

Xof IR B R BURR 5 FgCYPS 1A KRR TCAH G .

0 mg/L 0.013mg/L  0.025 mg/L

0.050 mg/L

0 mg/L 0.013 mg/L 0.025 mg/L 0.050 mg/L 0.100 mg/L 0.200 mg/L 0.400 mg/L

o 7.

v

0.100mg/L. 0200 mg/L.  0.400 mg/L

B4 REGRIVE PH-1 BRI R [E) R E 5 Fh = MR A7 g Rk %
Fig. 4 Sensitivity of five azole fungicides with different concentrations on mycelium growth of Fusarium graminearum PH-1 strain
A~E . MR | =R | s DN IR JIERE . A-E: Tebuconazole, triadimefon, triadimenol, propiconazole, diniconazole.

2.3 RABRIEEKEITREFIAIECS
AFgCYPS 1A B BT SCMe s | — MR | — st | Py
PR I 10 1 2 Y ECso 43 931l /& 0.047,0.474 . 0.154 .

0.024 F110.148 mg/L , PH-1 B R X e s | = i . =
WS T R A e 55 0 R T 1Y) ECs0 43 331 2 0.092.6.513
0.956.0.143 #10.166 mg/L(#£2),

R2 STH=MEREFIXRERIVE AFgCYPS1A F PH-1 FHRE £ 4 K HE A
Table 2 Toxicity of five azole fungicides to mycelia growth of Fusarium graminearum AFgCYP51A and PH-1 strains

B Bk Strain 245 Fungicide 7 /1 [01H 75 ## Toxicity regression equation FH5¢ Z2 4 Related coefficient ECs, (mg/L)
AFgCYP51A  JRMEE Tebuconazole y=1.51+0.78x 0.975 0.047
=W Triadimefon y=0.54+1.70x 0.991 0.474
A Triadimenol y=1.70+2.17x 0.981 0.154
A4 Propiconazole y=2.20+1.37x 0.992 0.024
SR Diniconazole y=1.12+1.36x 0.990 0.148
PH-1 S Tebuconazole y=1.18+1.14x 0.993 0.092
= Wi Triadimefon y=—1.20+1.47x 0.987 6.513
= ¥4 Triadimenol y=—0.34+1.19x 0.956 0.956
PN R Propiconazole »=1.10+1.30x 0.998 0.143

J# A% Diniconazole y=0.92+1.20x 0.959 0.166
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3 iFig

Liu et al. (2011 ) F1 Fan et al. (2013) 275 i3 1456
UE FgCYPS5 1A FE R 555 i R0 WS 2A 3% T 5 AU
()5 22, WA R FgCYP5 1B 35 R 55 9 J5 1 o s 24
3T A BB T G B R F IR 45 SR R W FeC-
YPS5 1B PR 555 i T RE 8 e I 3% T ) ) U A
Koo ABIGE K IR T AFgCYPSTA BRI
AR | = AL | = s T PR B = A A 7% B ) ) R
P S I T XS s e 4 e G I AR Ak 5 H
AFgCYPSTA B RRXT 5 P — I 28 % B 77 0 Sl ek O
BEERBIEARAKLFE), XY Liuet al.(2011) FHHF
TR — ., EFZA CYPsI M HEH,
CYPS5 14 3 PR — Ji5t 55 JHXoF mae 24 5% 1 57) 0 S kbl
K, 3 2o FE PR B & A it 85 Aspergillus fumigates
X G W 11 [ A U 5 AfCYPS 14 B A 6
(Mellado et al, 2005) ; F& i B MoCYP514 & N 5%
TR IR 2 % T 91 A SRR ME A 56, 1T Mo CYPS 1B 3 H
g 3% S X 122 28 % TR 7D ) AURR M T B 3 AR Ak (IET R
2012). Sun etal. (2011) 58 & BUHER T %5 15 Peni-
cillium digitatum PdCYPS5 1B FE R 5 B AR X 410 22 W 1)
PUEG MRS OIMISE . T oh, =B R T AT LA i bk
I K ke 2 2% B 570 Al ok 19 B 25 M 1) 8 (Luo et al.,
2009;Hou et al.,2013) , i AT DAJs/ D Y 22 ki Hh B B
BRERNEE,

HRAE AFgCYPS 1A TR XS AN [7] = M8 24 5% A 771 A
SR ) 22 5 0 S T = ROR B A 228 B 1 3
A SR | — IS | IR R R BRI 5 55 2 2Ry 0
LU S E R o M) g 2 T s g L i g
DMIs 2828 R IR BC R B 1R /INAZ AR 8993 s BRI Z A1
AJ DA — A0 5 % FgCYPS 1B 5 R B 5 T ik Uk
() =R, IR L SR R s 2R B TR B
PERBT A, BRI R B M R A . AT = T
W58 KB, FgCYP5 1B 55 SGME I | R PRI 1) 2 1
B TG IR | AR I e e R ) S R T A
(Qian et al., 2018) , A B 5T 245 SR ot — 20 A/ 1 i 1)
RS IE. F 2 TARRXT FgCYP5 14 JER HEA T
O BTG =R TR R B R R R
BIEFRNL A, , SENT AR i T B X — B 28R T R A
PEBL , 075 1 e T A R TR, DA R/ INZE R B 1Y
I (] B iR R LB S s
Bigh o AR B R R G o 4R b
PH-1 JfX 3 R B il i R AL T4 5, Rt 8t !
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