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SrFHL, Ha R X8 B A B 4 22 AR AR .l 4] KEGG & 8500, & B0 o o s fl 254 1)
TP BAAWR (Colletotrichum siamense) W IAA WA ISR, DOGE  PCR #2030 0E T 2 M B B4 Ak
W ERGI ., cyp5la XN LR D E T SHETE- BT (GC-MS/MS) /TR, 4 5 ik
AR, I HRAF DA 1) 8 R 27 S T i S PRAIG, SR BB . M ERGI %5 5 N E MRS
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TRIN 100 pg-mL™ 22 A7 6§ B, 805 U M XT CS23 KR I HIRFEE 25.18%, X ERGI-OE1 B#k N JCHI
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A YD S5 SR TR I AT ) 20 R T 1 2 A S A ) 1 R R 719

PIBERIE R R 5 f . e, e T
KEAVEVI R T EYR ERBA ., b, LAtk
PR AN R 2, EBAFE RIS , HE TR
Jiie | MELIAR 255 BRT i | BB AR L TR e 7R SRR T TOE I 255 HE
UM IE RG2S S TR, T2 5 WE I 71 e A it
PRIBERG S5, X SEME IS R R AR FH AL 3 ]
9o D5 AT 1 3% A 152 i =0 7 (succinate dehydrogenase,
SDH), Pl &A1 T 8 Pk Ay 55 1R Ot S i 417+ 741
(succinate dehydrogenase inhibitor, SDHI)',

SDHI &AW HA sk, [ i rkm s
Pedi, SR AR TR . % 2 Mo R 1
W . BRI | TR 22 R A K AR A B B I FE
o ZERENEHTAY. 5% RS2 RE
Yy BB, Biia e KA f . BROT R . R B
FEFITE . Z2A% T8 . R A TR S5 L i 5 S s 3500,
H 43/ SDHI ZE 28 R RIS g T By i A JH
X AIH i ( Colletotrichum ) BRI RLRAR 22001
Ishii 451" B URAFSYE A& 38 SDHI 28 4% F 551 X6 Ji S TR
IR 1 2 S AR, WE TR TR . R ] T F1 SR
AT I B %ok ¢ L TR TG 5 A 4000 T 95 P 3 AR B AU
2% o MW TR X K 22 B0 I TR 25 AR AT B T P A
U, AHTEAR B M o AR T B I e S IR IR A
AT 2003 4EFF &, 2012 4F E i, 2 —Fh) 1 AR T
I, BA DS WG v, 7EBG Z M EY iR
D7 THG B R 2% SDHI 2 4% I #7) %f
BIHTA Y ECso HFI KT 100 pg-mL ™, I 5
WA ot BT A 3¢ 9L T 0 5K PR B BCs fHAN KT 0.2
ng-mL'; 24 SDHI & 2% B 7 JC vk 3 i o JH 16 43
A L R A A ZE ARG, R 0 9 T s A1 o] 96
F WA R ECso (H¥/NT 8.2 pgrmL™", 0.1 pg'mL"™"
BT S 2 A AR S A A B 2R R, TR,
R SDH Ml §E b5 45 & L DU, 28 I 4 Fa T nete 55
SDHI 28 3% i 751 Xof 5 JHL TR 75 0 22 5 9 A= m] ik
HAAEFIBLE . ASBIEFEET I A B, 8 T4 980 AT e
AT DI 25 R VR 2 o S TR 1 A0 RS, S SO A
fifg BT AT XA VR O A5 2 T HAd A
SEARAE Y SR, A0 Hou 55U (14375 S 45 R0 240 it
HL S B8 g0 235 SRR WY, ORI 36 T e TT AR IA K
K/NBERR A AR . =gt BT A, AT
05 F T P EL AT O S O BB S M g, 6 IS I TR
FIOW T TR Y 5595 15 8 1) . 25 0T HoAlh SDHI 2658
PR 7], X AT RE A 12 24 0] o U 240 L DA i A i

ABRNTREITE. 4 A {5 B 5O AR Y IR A 4 5
PREH 7p, X OR-Ar 200 M BB o P M i s 1k LA T 22
TEHl MG B e B A%, LR 2E AR 2,
AR R 22, T SE A A I I R A A
TR E T Z A S LRG0 5 I B,
e A R TR B A~ 2 R B P SRR,

BT LIAR IR 1 2 I b D T X 52, O
JREZE -0 9o 1 e Ak TR )P S 5 o0 A, TR
P FLO0 22 A 6 S s s 14 0 A VR P 5 o <O
a3 - T 1% 166 FH (GC-MS/MS) 23477, BB T R 44
S TR W S 2 A S TS BT A e 6 R LA R A 5
Wi 5 300 o 3 PR e IR H ARG T O 15 1l )
RE, W1 AB 7R T 2RI 00 98 1 AR A1) ) 2 10 9 T A2
S HS B U 2T BIL o IRBIESE R BRI B T
25500 i e T BRI .

1 MESTE

1.1 gkl

111 E#k  BRIRHHE D RIH T (Colletotrichum
siamense) CS23 TR M 1 7= 216 2= 73 15 25 0 IR AT«
1.1.2 BHBH 99.99% (m/m) AW 580 M 5 2
5[5 Dr. Ehrenstorfer 23 7 $25k, PR i - e il 5
10000 pg-mL " IEERI, T 4 C -1 96.4%(m/m)
A0 S FERRUE SR A 99.7%(m/m) ff 8 Kbt i 35
s R RHE A A IR A IR . 90%(m/m) - S
T . 99%(m/m) RA [EEEH IR A= YRk A BR 2
AR,

1.1.3 32HRE  PDB I D4 E 200 g &
IR AR VR ARG A4 20 g 4 AL PDA B3R 3L
PDB F: il i A BB # 20 g L T A 85 5% .
YCS 3G 2 T2 MIRIARR R, )25
FRILEWERFEE I | g, BOKMIEEE T 1 g, H4
Wi 10 g FIIEAEHY 10 g5 T2 R5 IR 5E 5 W K e 1 2R
1 g, BERHEEU) 1 g BEWE 342 ¢ FIBRAE KDY 12 g;
YCS BTG FE 5L REWE 342 g IR /KRR 1 g
M =HWERE 1000 mL, FrA B3R 7E
121 °C &5 E K 20 min J5

1.2 LWHE
121 XA EBARAKBE T4 E B8R T R ARRRF
A

1.2.1.1  Z5F0Ab PR P 22 S5 28 b S R FE L 24
FIALFR: B CS23 FHET PDA AR | 28 °C H ikl



720 oty AW R

2025 4F

7% 3dJE, EA 5 mm A P E T 100 mL PDB
WARREFEIE T, ) 28 °C A1 180 r-min' £4F F &K
BE5% 36 ho MRIEHTHABISY, E8E S pg-mL ™" ZRIF M
SR PR M A Sy Ak BT R R, A S 4k B 85 3R
36 h!l, [ FHICHI/KIE N2 FIXTIR, I T R4 2R
KAy, PRI B 22 B B S e R TR TR

BALEARIUS A B 75 8 AU B
TS AR E B BOK T B A2 AR S B, OF 7E IR R B2k
k. FREL 300 mg ZR TR 22, A AL S8 AL -
FEEA (60 g L), 7E 70 °C ik 2 h, I 31519
IE QAR 3 IR, B I PR IUR, e 25 & 1F O bk
AR A3 B0 A AT AR R, A G o (5 5 AR R
7 1 mL, 20 C {5:4%-
12,12 EMFERSNITE Bk RSE
E B % b #E 5 5 R B 9T Bt (National institute of
standards and technology, NIST) i 2K 2 45 & f
FEAL A s A LA T AT

SE T R IR E RE bR AT i
55 2 A (6 T EL A AR BL 25 A8 1 A5 T R ] e 5 e
F A e, B AL 12.5. 25, 50, 100, 200
pg-mL ™ B E BRI . SR)E, B IR [ B v TR
INASEBOR R, FE N bRP . i GC-MS/MS
Xof B UE AT R I, A ST bR o 2N 1=461.95x—
7856.1, R=0.991 6, kA HHFR>A 0.01 ug'mL™", ]
FHAh 5 B A R T
1.2.1.3 GC-MS/MS kil =% 3% 5% TG
SILMS B AR (54 (30 m x 0. 25 mm x 0. 25 pm);
PERE TR 230 °C; (L ANMRERS; JERE(R
FUL pL. P THE: W1 80 °C (fRFF 2 min),
Pl 30 °C/min F+ & 250 C#FF 5 min), LA 35 °C/
min JF & 300 CUEHF 2 min) . S N HAEEA S
(99.999%) .

i S H TSl B VR (ED s 251 U IR
300 °C; BRI IR 250 °C; %7 FE R B A] 3 min;
Full Scan #2148, Jo 55/ H3 i %8 (m/z) AR Wl
JEH 50 ~ 500,
1.2.2 #FRALSH  FIHILEFY CS23 THEPEEL
5 AT HEE ALUREE N 1 png-mL™ 28 505 6 R e
PDB 1A, [HIRFE PR 28 °C | 140 rmin' 557
3.d, ATyl as Fod B FH g4t g v 2
I JC R K 38 e, BT 7K A Y T 22 AR 7S ZE T
I AR GV, AT S 2R AR, B 500

mg JBE 5 Y T 22 RE A & 2.0 mL JCEEES O A R
FH Trizol IE42HL RNA, J715575 KAHLE RNA 421
A& UEEA . AL IRV FE A T AR RNA A 4%
Jo A PR IR B SR ALY . RNA-seq BUIEE EIEE
NCBI ¥4 %, %555 PRINA744009", i FiI %
Bk = 2 H P{A <0.05 VE Ak bnii, LIRS
ARG 2 ] 1) 25 S e TR HE A

1.2.3 ARAGRARAEME REIFEFEELNR
ms, K H 193 cDNA J¥ 515 A pCAMBIA1303
i FRB AT M CS23 Rk RS RNA, £
FE A A cDNA SCPE, L cDNA SRS ff 2 1
tRERMES )53 5 PCR 9714 ERGI, ERG7. cyp5la
F1 cyp51b FH . SR ClonExpres Jo4% v £ R,
¥alifb 15 2 0 B 093 W R B A DI 2R 1
pCAMBIA1303 ZARIFR: . JERARFR N et bk
& 4.5 uL, BRI F Bt 0.5 uL, 2 x ClonExpress
Mix 5 pL, ddH,0 #ME 10 uL PCR 4% 50 °C )i 15
min, HHE A S F ClonExpress® Ultra One
Step Cloning Kit 57 & U Bl 45 G MERE ) . B 7%
PCR " 34 - 7 LA 5600 PP o s e, BE PR3 b1
IOAH 5 B F-80 C £iAF -

124 XAZXEFPCREEEABEAZ K CS23H
WRFilit 2K E ¥k ERGI-OE1, ERG7-OEL, cyp5la-
OEl. cyp51bh-OE1 7 PDA “F-Hx b T 28 °C itk 55
7% 3 d JEHUEE 5 mm FYHET& A 100 mL PDB
WA FE BLHE TR T 28 °C 1 180 rmin' TR
Bt HABERBE 3N EY¥EE . ARk
B B 5E 36 h 1) 15 57 AR I 0 R
HA TR N 5 pg-mL ", 4k2e4 8 36 h, JET
B 22 2 43K 4y, R Trizol % #2 B RNA L p2-
tubulin 3 H N NS HEH FLAAN [R] 2600 T i 6 R %
iR, i 270y kB RS R A X SR TR OK
- 3 IR 2 Tk o A X A E D 22 (RSD) 21/ T
15%, 554 LA E+SD JE A2

125 BFREHERLEZZARATENH RS
e SRR R R R 24 A KRR S TR AR Y
RN, 1A KBS I PDA B33 thoin A K314
S AT i A Y, LT R B R 0.1 pgrmL A
0.05 ug'mL™". 38 % i IH 5 N ) 2% 3k I bk
ERGI-OE1, ERG7-OEL, ¢yp51a-OE1. cyp51h-OE1
TE PDA VA |+ 28 C 1Gfb35 3% 3 dJ5, 7%
NGATHEFE 5 mm BIEEYE, 20380 T 5 A A T
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Tab. 1 Primer used in this study

EIL/E2 Elk72l!

Primer name Primer sequences

KL-CDS-cyp51b-FI ATGGGTCTCCTGCAGGAGGT
KL-CDS-cyp51b-R1 TTACGCCTCACGCTTCTCCC
KL-CDS-cyp51a-F1 ATGAGCCCTCTCGTTGTCTATGG
KL-CDS-cyp51a-RI TCAATCACGTCGGGTCCACC
KL-CDS-ERGI-FI ATGATTGAGAGTCCGACAGCAGC
KL-CDS- ERGI-R1I CTAGTTCAATTCGCGCCACAT
KL-CDS-ERG7-F1 ATGGTCGTCGAGAAGAAAGCG
KL-CDS-ERG7-RI TTACTCCTTGCCGCTGATGC

gp-cypSla-F ACGTCGCAAGAACGGTGATA
gp-cypSla-R CTGACCTCCCATGAGAAGCG
qp-cyp51b-F TGGAACAAGAAGCGCGATCA
qp-cyp51b-R GTGCCGTTCTTGTAGGTGGA
qp-ERGI-F GGCAAGACGAAGGACGACTA
qp-ERGI-R GGAGGTACTCCTTGCGGAAC
qp-ERG7-F TGCAAGGACTCGGACAAGTG
qp-ERG7-R TGAGCGCCTCCGAAATACAG
qp-p2-tubulin-F AGCCCTACAACGCCACTCTCT
qp-P2-tubulin-R GTGGTTCAGGTCGCCGTAAG

qp-ERG5-3F TCACGCCGAACTACACTGTCC
qp-ERG5-3R ACATATCTTCGCGCAAGGCAA
qp-ERG5-2F AATTCGTCGTTCTTGCATCCG
qp-ERG5-2R CTTCGATACTCTGCGTGGTC
qp-ERG6-2-F ATCAGACAGGCTCGTACAGCA
qp -ERG6-2-R TGCCACCCTTGAGTCCCAT
1303-F TTTGAACCTTTCAGTTCGAGCTTT
1303-R CTGAATGCCCACAGGCC
agacatcaccatggtagatct
- 1b-F
cr-ap3lb ATGGGTCTCCTGCAGGAGGT
ttctacaggacgtaaactagt
- 1b-R
c-eyp31b TTACGCCTCACGCTTCTCCC
agacatcaccatggtagatct
cz-ap3lak ATGAGCCCTCTCGTTGTCTATGG
ttctacaggacgtaaactagt
- la-R
capila TCAATCACGTCGGGTCCACC
agacatcaccatggtagatct
-ERGI-F
cz-ERG ATGATTGAGAGTCCGACAGCAGC
ttctacaggacgtaaactagt
cz-ERGI-R CTAGTTCAATTCGCGCCACAT
agacatcaccatggtagatct
-ERG7-F
cz-ERG ATGGTCGTCGAGAAGAAAGCG
c-ERG7-R ttctacaggacgtaaactagt

TTACTCCTTGCCGCTGATGC

T NG FRAUCRAIE LA R B 751
Note: The lowercase letters represent an overlapping
sequence of linearized vector.

T TR TR SR Y PDA A e, R
FERIANEE, T28CHEHKEs5AE, RAT+FR
SCYE A5 A B R R AR, TR R 22 A K I
FIFH A SPSS 22.0 TSI T, B LRSS A T 5
PE, NI 3 IRES

126 StERBMEAGHARALEHTET RAH
AMERGB R TIESH Cao FERIMEB L,
PDA $5 35 56 I A I 0 o T s i 25 TR, (1 HL ¢
SR A 0.1 ng'mL™ . [FES, IAGE & 22 fA
T 1 e s B VRO A [ e B2 19 245 75 MR 4 T 2
Ao K CS23 A bk Sl 2 3k B Ak 4 i B R F
PDA Al EH % 28 C 1555 5 d J5, RT3 X
PN AL PR A BV ELAR, W) 1.2.5 TR AR
AP L Fak AR B T 22 AR KRR . A
AbFE 3 REA

2 HRESH

21 FEHEEEMINHED xHBFMEREEXERE
RIFERADI N T RS R I He T60 R I X 1l VR
B T L A 1) 40 R 5 1 1) 3V T BIL R, AR A
GERT AR I W IR TR A B SRR R Y CS23 T RR RS T
SR T LAZSRIARALBEIY) CS23 PR AR % S 4l
S R SRR = 2 H P {H <0.05 3%
Z S GO A4 M KEGG & g (£ 2), K
FE AT G P s A P 1) 22 5 R TR I 3 TR AR AN
JH B8R 56 142 4% (0031224; 0044425; 0016020 ) F11 5
B WA GE % (ko00100) H T HEAE A f 55
5 BGE B, AT 6 S OCHR LR 3Rk 2 T I, A
X F R EAE 0.11 ~ 0.43 Z [0, HAb, @it tE
i PCR EAR T T X S IL P 1 FRak i, RN GA
B G SR 2 Bl — 2, M R IR B TE 0.16 ~
0.48 Z [0 (£ 3), RS HIRI, 2RI J s ]
e 38 o 0 61 22 A 55 B9 AR W ORI 2
AT P10 24 L B s e

22 FHEFEWNEREEEYEBIEEDE
EHIRN N T 2 B S SR R e 22 A
HS B A= 0 6 B B R AL, AR GC-
MS/MS FAR T T S A T 22/ B B E A
BGIA A v B b (R B, AR £ B AL A B AR
R B2 NIST ot i AR A 2R 4B, S8 1 10 A {3
BEAAL G, i R 22 A B WG B 2 I A U
BN, FERIE, 4,4- " W ELH -8, 14,24-= )%
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2R 2025 4F

2 FHEREWAELETH CS23 BkERA
GO 71 KEGG ##7

Tab.2 GO and KEGG analysis of differential genes of CS23
treated with benzovindiflupyr

R3 FHEAFEMLERMETH CS23 BEREREEE
MEMEEBENRIEZE

Tab. 3 Relative expression of ergosterol biosynthesis gene
in CS23 strain treated with benzovindiflupyr

D ik q 18 HENID ERZFR R4S W E B PCREG
Description g-value Gene ID Gene name Transcriptome result gqRT-PCR result
bi
GO terms nebL_ +
. 50275084 ERGS 0.11 0.22+0.11
&3 ncbi_
G0:0031224 intrinsic component of membrane 0.000089 59276216 ap3la 0.17 0.170.06
R 53 ncbi_
- ERGS 0.18 0.16+0.06
GO0:0044425 membrane part 0.009 700 59275085
g ncbi "
GO:0016020 o 0.010000 591366665 ERGS 0.22 0.19+0.03
nebi
GO:0071944 Has . 0.049000 59271246 ERGI 043 0.48+0.02
cell periphery ncbi
Pre-RC &4 = cyp51b 0.36 0.36+0.02
Go003g3g7  TERC AR 0049000 59267068 %
pre-replicative complex
. [ ‘ . . AV
GO:0003824 catalytic activity 0.013000 TR 2 v (] 1) o S5 2RI, 2834 el i e
KEGG pathway P52 W 2 25 I TR AR PN 22 A B T 2B 0 ol v el 4k
g ST voonsey  TTERCIE, LN A B AR
id bi hesi ’ o N N e
Py i 23 ERUBAHMAEERTRIAEKIEER
ko00360 phenylalanine metabolism 0.001100 g’?ﬁi'l‘i %%E%iﬁ H @?ﬁ%)ﬁffiﬁé[m, éé/ﬁ\ﬁjff‘
N PNy e - ST .
o DLt ooy ORGSR A
o iosynthesis of secondary . . o "
metabolites iV H, 18t AT BB AZ 25 FIVE Y 4 Ak il ik
V=7 ‘i § ya I Y
k000380 f‘yﬁﬁﬁf;etabohsm 0.002200 B, 435k ERGI, ERG7. cyp5la Fl cyp51b. A
e it GOV HIER T 3K 449 1 8 BT ik
k000500 starch and sucrose metabolism 0.004000 Bk, JF 5 8 A AU R CS23 #E1T T e e B
A A A BTG 2 . N N
PRV A £ BT 5 53, 3o TR 0 B R A 3 0
ko00040 pentose and glucuronate 0.022000 o s . .
interconversions W35 T CS23 Wik, Rk /K4S T 1.7-3.1 %
k002010 igg frijriponers 0.022000 (Izl 2_A)o lﬁlﬁl‘, iﬁ—‘ﬂ}{)ﬂUETﬁ%ﬁ%ﬁ%Hi
S L X 248 FF 4 oL B W 1 2 PR . S5 R R, 55 CS23
ko00052 0.045000

galactose metabolism

0 B/ T0.05 0K B E w4,

Note: The g-value < 0.05 indicates significant enrichment.

Mt 4,4- PR I IRERE S BT 4o-F SRR B
HIBE-4- R RN . ZE il RERE, LM mnE. &
IR 4) . DIRACERL] Xt IR, ARG 0r T
RTS8 B I T 10 S B AL A
Yy o e e FE B o AR WO, 7E 2 AR
A TR 22 h AR I 2] 10 A BRI G, Kb fa
. FBHEE, 4o-HEEERE S BE-4- R TR TR FN 22 fA
S B0 PR VR FEAE 2 A2 PR B 25 5% . K 0F
5755 TR A AL B, dor- R SR B (5 P-4 PR TR 6 A 22
1 T 70 Jo B ViR B2 0 SRR AT, T SR 5 Y B

WA L, ERGT B B3 FRIK TV ERGI-OEL X
R T R T A Y SRR R AIR T 7.6% ~ 8.9%, 11T HL
it FIk B RS CS23 Rtk T & 22 5% (B 2-B).
X FR A, RIS A e TT e a0 i CS23 B kR
ERG1 FERFR, IIMTEZm 22 £ (55 B A= 9 5
2.4 SMEIRIN AR %N 2 f S BT IR U s
AR DRI Xt B, 58 M E
VN IINFR S 0 TN 22 AR B B R R, 2R I 04 80 TR e Xof
CS23 1# ¥k &% ERGI-OE1 Bk 1 22 4 KA i R Y
M, S5 HREREA, 0.1 ng-mL ™ 2K I 45 60 R e b B
J& 2 ~5d P, R 22 A KA R T AR, SN TR
AN ) J5F R 5 ) T M R 22 S T S 3 AT T 24579
XF 2 A BERRIAM IR, JEIAESE 5 KR, 100 pg-mL™
A0 S TR BT, R 475 oL A R X CS23 B A Y 11



HSH TETYD VAR 28I AR S T MR 101 B T T 22 A 8 WA 6 O L A R 723
R4 CS23 EHRAT 10 TEEEERUEY GC-MS/MS KELER
Tab. 4 Identification results of 10 sterol compounds by GC-MS/MS
s AR PSR PR BRI R] /min FARXT 53 o it o3 Fa
No. Chinese name English name Retention time/min ~ Molecular weight ~Molecular formula
1 fakM Squalene 17.04 410.7180 C3oHso
2 FEHHE Lanosterol 24.23 426.7174 C3oHs40
— « .
3 ;f_'; g§ HE-814, Ti;‘:ﬁiﬁ?{c}“’le“wtz’ 2521 410.6749 CaoHyO
4 AATHUILEEREEEE 4 .4-dimethylzymosterol 22.74 412.6908 C,oH,50
i CSeiT=y
5 3(1;@2%5& HRE 2;}1)\2[ ztylgzymoswrom' 24.95 442.6737 CyoHus0s
6  BEEEEIEE Zymosterol 23.72 384.6377 CyHyyO
7 &R Fecosterol 23.20 398.6642 CysHysO
g8  REE Episterol 23.40 398.6642 Cy5Hy60
9 77 0 145 e Ergosta-5,7,24(28)-trienol 21.99 396.6484 C,5H440
10 ZEMHE Ergosterol 22.60 396.6484 CysHysO

T (BRI A HE R AR A2 Ay B A 00 5 G 619 S8 I, AT ZE 10MRUCHES ]

Note: The sterol compounds are listed in the order of the ergosterol biosynthesis pathway, from 1 to 10.

I CK

300 N OHIR S Benzovindiflupyr

250 1

200

150

i e Mass concentration/(ug-mL™)

S Es a4 Sterol intermediates

AR 0.05 KF-EHBE.

An asterisk on the bars indicates a significant difference at the 0.05 level.

1 FHEmEULEREFRERN 10 MEEREENRERE
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Molecular mechanism of benzovindiflupyr inhibiting ergosterol
biosynthesis in Colletotrichum siamense

JIAN Shasha*, MENG Yaling'’, QIU Yurong'?, WANG Meng'”,
ZHANG Yu'?, YANG Ye'?, LIANG Xiaoyu'*

(1. Sanya Institute of Breeding and Multiplication, Hainan University, Sanya, Hainan 572024, China; 2. College of Tropical Agriculture and Forestry,
Hainan University, Danzhou, Hainan 571737, China)

Abstract: Amidine fungicides, with their diverse chemical structures and broad targets, have become a key area
in pesticide development. However, the differences in toxicity among various amidine fungicides against the
same pathogen have not been fully elucidated, limiting their optimization and widespread application. Among
them, benzovindiflupyr, as a novel succinate dehydrogenase inhibitor (SDHI), showed significant inhibitory
effects against Colletotrichum spp, especially by significantly disrupting the cell membrane integrity
demonstrating a mechanism different from that of traditional SDHI fungicides. The aim of the present study
was to further investigate the molecular mechanism of benzovindiflupyr and to reveal its multiple inhibitory
pathways against C. siamense. The transcriptome KEGG enrichment analysis revealed that benzovindiflupyr,
significantly inhibited the steroid synthesis pathway in C. siamense. Fluorescence quantitative PCR further
verified that the expression of key genes in the ergosterol synthesis pathway, such as ERG/ and cyp5la, was
significantly decreased. Gas chromatography-tandem mass spectrometry (GC-MS/MS) analysis showed that
squalene and ergosterol contents of C. siamense were significantly decreased and lanosterol content was
increased by benzovindiflupyr treatment. After constructing five ergosterol synthesis gene overexpression
strains, including ERGI, it was found that ERGI overexpression strains were significantly less susceptible to
benzovindiflupyr, and the other overexpression strains were consistent with the drug sensitivity of wild-type
CS23 strain. In addition, exogenous addition of squalene and ergosterol significantly reduced the inhibitory
effect of benzoflumizole, especially at the addition of 100 ug-mL™ ergosterol, the inhibitory effect of
benzovindiflupyr was reduced to 25.18% against CS23 strain, while no inhibitory effect was observed against
ERGI-OE1 strain. In summary, benzovindiflupyr may inhibit ergosterol synthesis by suppressing the
expression of the ERGI gene, thereby disrupting the cell membrane of C. siamense, and ultimately inhibiting
mycelial growth. This study provides preliminary insights into the molecular mechanism of benzovindiflupyr
against anthracnose fungi and offers theoretical support for the development of novel amide fungicides.

Keywords: Colletotrichum siamense; Benzovindiflupyr; Ergosterol synthesis; Molecular mechanism

(RIE4EE: 4RiFFE4)



	1 材料与方法
	1.1 供试材料
	1.1.1 菌株
	1.1.2 药剂
	1.1.3 培养基

	1.2 实验方法
	1.2.1 麦角甾醇合成代谢产物甾醇中间体提取和检测
	1.2.1.1 药剂处理与菌丝甾类化合物的提取
	1.2.1.2 定性和定量分析方法
	1.2.1.3 GC-MS/MS检测参数

	1.2.2 转录组分析
	1.2.3 基因过表达载体构建
	1.2.4 荧光定量PCR验证基因表达
	1.2.5 暹罗炭疽菌基因过表达菌株对苯并烯氟菌唑敏感性测定
	1.2.6 外源添加麦角甾醇和角鲨烯对暹罗炭疽菌菌株生长的影响


	2 结果与分析
	2.1 苯并烯氟菌唑对暹罗炭疽菌细胞膜相关基因的转录组分析
	2.2 苯并烯氟菌唑对麦角甾醇生物合成途径中间体的影响
	2.3 麦角甾醇合成相关基因过表达菌株的构建及药敏性
	2.4 外源添加角鲨烯和麦角甾醇对苯并烯氟菌唑抑菌效果的影响

	3 结论与讨论
	参考文献

