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The role of C,H,-type transcription factor AflAZF1 in the
growth, development and aflatoxin synthesis regulation of
Aspergillus flavus

LIN Hongyi, LI Mingzhi, GUO Huihua, YUAN Jun, WANG Shihua, WANG Xiuna"

Key Laboratory of Pathogenic Fungi and Mycotoxins of Fujian Province, College of Life Sciences, Fujian Agriculture
and Forestry University, Fuzhou 350002, Fujian, China

Abstract: The C,H, zinc finger transcription factor AZF1 in fungi has multiple biological functions such
as regulating growth and development, secondary metabolism synthesis, and pathogenicity, however, the
functions of this homologous protein in Aspergillus flavus is still unclear. Homology comparison revealed
that the protein encoded by AFLA 054800 shares 50% homology with the AZF1 protein in Trichoderma
reesei, and it was named AfIAZF1. This study found that the colony size of the AfI4ZF1 gene deletion
strain (AAfIAZF1) was not significantly different from that of the wild type, but the conidiation was
significantly reduced, and the sclerotia could not form. The production of aflatoxin AFB; in the AAfIAZF 1
strain was significantly increased. When glucose, arabinose, mannose, sucrose, and xylose were used as
carbon sources, the conidiation ability of the AAfIAZF1 strain was significantly decreased, but it was
significantly increased in lactose and glycerol. Additionally, under pH 5 and pH 11 conditions, the number
of conidia in the AAfIAZF1 strain was significantly lower than that in the wild type. The results indicate
that AfIAZFI not only regulates conidiation and sclerotial formation and AFB; biosynthesis, but also
modulates the utilization of different carbon sources and adaptation to extreme pH conditions by affecting
conidiation ability. This discovery not only reveals the key role of AfI4ZF1 in the growth and development
and toxin synthesis of 4. flavus, but also provides a theoretical basis for the prevention and control of 4.
flavus contamination and the development of new biological control strategies.

Keywords: Aspergillus flavus; zinc-finger protein; aflatoxin; growth and development; carbon source;
acid-base

T th 8 Aspergillus flavus Link 1E —Fh i
DR B AR LA, A KA I R AR
BEMSAEAE R . R, T s AR A —
WY N | FORFIOK S FEAR B, &
IR FE R BRI RIEZ — TR EDE
BTG YL KX, A A R 248 10 itk
Ok AL A T AR K T v i % (Ding er al.
2015). WA 10 8 i 55 B % (aflatoxins, AFs)
SERETERR | T EROR L V5 YSYE )T
HREF T 2020), milliEsERWELS NIk
R AN R ENHRERZ —, —Hk
A5G, I EE i T BARMER H LBk, JFHL
B AT LU A A Tl B g sl e kb s

&, FEEM A G @BEONREES 2021), il
BB 2 o A B N T AL DR B4l i EL
ZENRE OGRS BE A PR BT IR R A5
(EFEWSE 2020). FHHL, ol wE RS s
BL B 7 % B 4 v il B e B 2 K
YL

CoH, BV 5t = HAZAE Y i 5 DNA
FP 9k et 4 G B R K (SRR 5 2021), 18
HEY, CH, B RINFAERMEAERK . A
TIERL . B PEAAE | A TN B 55 )7 T A 2
HAEH . TEH R AKEE Trichoderma reesei PRI
TrAZF1 3300 A 1 JE BUAE IR (Antonieto et al.
2019), FREEZEE Saccharomyces cerevisiae

250176-2



Research paper

22 February 2026, 45(2): 250176

Mycosystema ISSN 1672-6472 CN 11-5180/Q

AZFI JE R FR TR, 7 LU 2 B AIAORE Sy
BRI Z =i A 1.1 f5A 2.4 4, i
AZF1 SRR AL LT 7 5 5350 TR T 249 33%1
44% (Semkiv et al. 2022), JKHZ Pyricularia
grisea SRR AZF] [RIIEH COST TE4y 1
R T hERA A, Bl HHEas 53
LA B g B XOR P Y HR K (L et al
2013). ¥ 8ighE Aspergillus nidulans brlA 1FJF
T A7, MRZER nsdC X Ik
F B A SRR (Kim er al. 2009; 61 p
KEE 2014), MY AKREE Trichoderma harzianum
H CoH, B SRR F THA09974 1EJAH =il . I
22 LR W) Sk F0OXE 0 i TR A 45 B RE 7 (2 W B 4F
2019), 7wk {l%EE Acremonium chrysogenum
Acstud WK FBOTHE K BAHCEER Acbrid T
AcabaA WAL, BEHAT T 04 /871 5= 4= (Hu et
al. 2015) bAb , RAHALE Fusarium graminearum
Y pes] 5 RINFEEH Verticillium dahliae 1)
vdmsn2 Y FREMFHIIE B(Jung et al. 2014;

Tian et al. 2017). AR KRR Ustilago
maydis "' Rual FHRK BN ER G B G
(Teichmann et al. 2010), HL#E KA E Neurospora
crassa W Crel SRR A AOTERTIFFT -1 LBk
T A £ S 2 R I AE 7 (Sun & Glass 2017), 7£
t g hah, AR PN KT CreA 14
¥ (Ries et al. 2016)., *EH%E Aspergillus niger
AnAZF1 B AR I TER A (OTA)YG LA
HFIBIETHEE T OTA A 8(Wei et al. 2023), 2R
TUBRAUTE Fusarium oxysporum W) PacC Ti¥E T
7 1 (Caracuel et al. 2003). 7EfB K2 ik 0 &
Fusarium pseudograminearum ', FpCzf7 it 5 %

® 1 AARFFBEKNER
Table 1 The strains used in this study

7 A T BOIR T F A 5 T Se 0 TR T Y
Bl B AR U 34 G T R GREFRRE S5 2022), TS [
+ BcCRZ1 R4 KA %51 Botrytis cinerea i
ZEAF F R MM HE I (Schumacher et al. 2008).

MmN AERKET IR & L B
LAz B 2R CoH, BV SN PRy JE T . 55T
TR L, WA Rsrd B0 5828 Mk 7 A 1 3 A
RO B 0, (BXF Hy0, MM 38 (Bok
et al. 2014), AfIZKS3 BYEK FE T H N E R R
(R A 65 IR 56 AR ()2 e A8 A FD R OK RE
JIW AR (Liang et al. 2022), HIRFY C.H, Bk 5%
K+ AfIAZF1 WEW)2=0hhe, At 1
AfIAZF] R 58 AR (AAMIAZE]), RGEDHT T
AfIAZF1 TERi &S TR 779 3o T . i
30 B FNEE 2R A AE T T AR H

1 w5 i %
1.1 SKIGpR
1.1.1 i E

AHIGE P B R AR B 1,
1.1.2 #BEHE

PDA £53E5E(300 mL): 11.7 g Th/%% 2 45 & b
g, MNEZEKERZE 300 mL, 121 °CEiRE
JEKH 20 min, YGT #57%3£(300 mL): 6 g %)
Wi, 1.5 ¢ BEREE, 4.5 ¢ Bifig, 300 pL fliE o &,
TIBAZEKEZSE 300 mL, 121 °Cryih ek K
20 min, YES J3:5(300 mL): 1.5 g B4REE, 9g
HEBE, 4.5 g Bifig, IBAZEKEZZE 300 mL, 115 °C
s K B 15 min, YEPS 3532 5E (300 mL):
1.8 g FEAMK, 3 g iR, 1.8 g BEREE, 4.5 g3
fE, INHZEKEREZE 300 mL, 121 °CiEl

[EsE7S iR
Strain Characterization

K

Source

Aspergillus flavus CA14 PTS Aku70, ApyrG

A. flavus wild type (WT) Aku70, ApyrG::pyrG

AAfIAZF1

Aku70, ApyrG, AAfIAZF1::pyrG

& E RNV FBRE T WFFEH L Chang PK HI8
Donated by Chang PK, Southern Research Center,
United States Department of Agriculture

SR R A

Laboratory construction
AHFFER 1
Constructed in this study
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S EKEE 20 min, MM 15353300 mL): 1.5 g
%G, 0.3 g NH,NO;s, 0.15 g KH,PO,, 045 ¢
NaH,PO4, 0.3 g NaCl, 0.06 g MgSO,-7H,0, il
FZE/KE AR % 300 mL Jf9# pH £ 7.2,121 °C &
M KB 20 min. 0.5% & 76 [ )2 K 97
(300 mL): 10.5 g Czapek dox broth, 3 mL 1 mol/L
WATRE, 102.72 g fEbE, 2.25 ¢ Bilg, IRz
KEZZE 300 mL, 115 °C i K 15 min.
1.5%5 75 F 25353300 mL): 10.5 g Czapek
dox broth, 3 mL 1 mol/L %A1 &%, 102.72 g Jif
B, 4.5 ¢ Bitlg, MEAZEKELEE 300 mL, 115 °C
e I R KA 15 mins
1.1.3 R4 B & R a9 KR 7

J 2R ARG . J64% 4 mL 10 mmol/L
NaH,PO, (pH 5.8). 0.8 mL 20 mmol/L CaCl,
34 mL JCR /KPS RT BT, A 2.8 g NaCl, 7
SRATE A 0.3 g BERERG(JRMT S10107).0.3 ¢
WA (R K E S8280). 0.2 g A vk
L812356), 0.45 pm JEMEILIEPRE . 50% PEG
4000 buffer: 25 mL 1 mol/L CaCl,, 10 mL 1 mol/L
Tris-HCI (pH 7.5), 100 mL 3 mol/L KCl1, 250 g
PEG 4000, NEZEKELZE 500 mL, 121 °CiH
e EKE 20 min, 1.2 mol/L STC buffer:
125mL 1 mol/L Tris-HCI (pH 7.5), 25 mL
1 mol/L CaCl,, 109.2 g 1B, IEFEKERE
500 mL, 121 °Cyeyifit = K I 20 min,,
1.1.4 HAit 7

B : 0.05% Tween 80, 121 °Craifim /&
KE 20 min, fiFEICE : 0.22 g (NH,)eMo,0,4-4H,0,
10 g Na,EDTA, 2.2 g H;BO;, 1 g MnCl, 4H,0,
44 g ZnSO47H,O, 032 g CoCL'5SH,O, 1 g
FeSO, 7H,0, 0.32 g CuSO4-5H,0, NNEAZEKE
22 200 mL.,
1.2 ARG REE RS S

s HLICRE AZF1 B 117415 NCBI#E 2
A NRRL3357 JER AL T IRIUR LX), 48
FIHFIRAEA . RIE THEKME Aspergillus
oryzae. T MBS Aspergillus parasiticus . JHHH 5
Aspergillus fumigatus . 2% Aspergillus niger .
¥y 5 Hh % Aspergillus nidulans . K 4% 8 1 &

Fusarium graminearum . W IEE: Saccharomyces
cerevisiae. HICAKRE: Trichoderma reesei . JKZE34
Pyricularia grisea FIL ST Arabidopsis thaliana
FHE M AZF1 FE P A A MEGAT.0
M AZF1 AWM RGN R, % Neighbor-
joining 5.7, bootsrtap {E>F 1 000, 7E Simple
Modular Architecture Research Tool (SMART,
http://smart.emblheidelberg.de/) % % | Ll | iA
HHEMZEE, FEHH DOG 2.0 Bb2 45
P BT AR R
1.3 BHEREE RS Z Mgt
1.3.1 BB FEE REHIE

$ 100 pL ¥ 1x10°4S/mL 1 i 252>
T REME YGT WAR g3, BT
37 °CHEIR, £ 150 r/min 5444 F153% 8-10 h, #%
WEHR G, HEBH R, T Snis,
H 4 2P A0IEE R 22, B B R R,
BT 29 °CHEIR, LA 70 r/min R V5 2L H 22 2 h,
Bik , 7 2L ASE L, MR 30 min Gk —IK .
FFAMREE S, 28t i T 22 S A e
BERE R o PR R AUEIE 4 °C. 5 000 r/min &5
L 15 min J5, 3 B3, FILA STC EMETIE,
5000 r/min Z5.0> 15 min, & FiF . JUEEET 1 mL
1.2 mol/L STC ¥ , Bt 10 uL £546. Ji A DMSO
(ZUREE %), FUETE-80 °CIR-fF .
1.3.2 BB EE R

Halifb i) DNA R B s A iR e ok I,
] 1.5 mL EP & H i A BT 49 3-5 pg 1Y DNA F Bt
11200 pL 1.2 mol/L STC, JRAT; & NA 200 uL
50% PEG 4000 buffer, &%, BTk L 2 min fifi
HFE N B 100 pL JFA: ik,
WHFFIRS, BFIKEWRE 30 min, #ERE
BT EEFEL, 30 min 5, ¥ FRKRERE
50 mL B.04H, A 1 mL 50% PEG 4000 buffer,
RA), VK EWSH 10 min, WHEZEH)S, 1 50 mL
EOEPRIA 10 mL 95 F2RRE, ],
FIAC KB T2 REL, fFHRs0
BEE B, T 37 °CHi . BRWEL, #iiik
T2 YGT Higrstrh, LU 5225 UFSE 5
1.4 HENWE AflI4ZF]1 EFERPREIRAIADIE KR I0IE

M NCBI (http://www.ncbi.nlm.nih.gov/) %,
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AfIAZF1 FEH ] F F R 2 000 bp [ DNA J¥41,
A Primer Premier 5.0 &4 14 Afl4ZF1 KA I
T FEEE S RS PCR SRR, Bk
P41 B ARSEA IR LA K pyrG 3/ DNA Jr
B, SRJEFIA PCR HAMG A G . BT Wik E
HIWFEH, FIFH PEG A0 A B Ak Jr ik
W FRREG R B AL RN Eihd CA14 PTS g4k
B, 2 LUE M D pyrG ik R e i 2
W AfIAZF 1 FE N B AAfIAZF T # Rk 98 )5 % PCR
FARX TS E, #Hig E51% 1 (P1, 054800
RT/F 1 054800 RT/R)7EHEFA: UG £k Hh AT LAY 34
WA, TS 19 2 (P2, 054800 SF/EF Fil pyrG/TR)
319 3 (P3, 054800 3F/ER Fl pyrG/TF)4y Bk
DR B TR AR R R R RN R R AL A B, A
WFoE AT S 10L& 2.
1.5 HMESEBTERNFIE

¥ WT. AAfIAZF] BERREFh BRI
F 37 °CHigR 5 d i, G TAEGH, MR
MAIA 3 mL EK BT, Ak
BT SR AR AR B AT, I
L TR LA il 5 iR A I 8 S PR TR 22, 1R 28T
I . IR ETR ) Ak, X 500 pL fflF
BB R RS EA TS, TTRREE, PR
TR PR R 1x10°4~/mL.

&2 HHIE ANAFZ1 EERKEKRBZTFAASIIER
Table 2 The primers used in this study

1.6 EEIBE KA ZEHNE

WEFS PDA 35353 (0=60 mm, 10 mL/IL), 4%
ST AR R R PR AR 7 A A T2 2 ul 2
PDA }iF 5k, 29 °CRIEIESR, 5d FERE A
IR W AR ATIL, B3R Sl dk
TE 5 mL EP &, A 3mL - FUelim, @
1 h JEIRHEIRAT, M Rl B B Rk e A ek 4k
WXt R R i T . AR 5 RE
2, EASLIEE MK
1.7 EHER&TERFT RS

B WT Hl AAfIAZF] A3 T2 iR 2
1x10°4~/mL, 433#fh 2 uL % YEPS 55573,
37 °CREMGYEFE, 7d 54, H 75%C B -
M 2% 1T A TR 22 S A AT, (B A A R
5, FF R RS BRI Dk, IR R
B, BN S RESR, BATREEZ IR
1.8 EHEAETRRIEIEFEMNEK

DL MM 15353 A b e i AS R s 7 2
35 MM+1%ZU . MM+1%H 7 . MM+1%TE
. MM+1%EEME . MM+1%BT R0 T8 . MM+1%
HIZIHE . MM+1% H 880 . MM+1% AR IR 5
SrRERR 2 uL WT Fl AAfIAZF1 H3 AT Bk
(1x10° A~/mL) E AR R R =5 H, 29 °CEARS
YgR, 5 dEMEEYE BN, FRSIH

GlE B4 519741 Hi
Primer Oligonucleotide sequence (5'—3") Use
pyrG/F GCCAGTACGAGTGTTGTGGAG P14 pyrG JE A B
pyrG/R GTCAGACACAGAATAACTCTC Amplification of pyrG gene
fragments
054800 SF/F GGTATGGACTGGCATGGATAC AlE PCR IEME|H)
Fusion PCR forward primers
054800 3F/R  GTAATATCAAGACTGCGACGCG By PCR Szl 5|4y
Fusion PCR reverse primers
054800 SF/EF  CATTGAGGAACGATGCCATTAC T3 AfIAZFT 35 IR TR A B
054800 SF/R  GGGTGAAGAGCATTGTTTGAGGCGTCTTTGCTATCTACTCGTCTC  amplification of AfIAZFI
upstream homology arm fragment
054800 3F/ER  CTTCAATTGATCGTGTTGACAC P38 AfIAZFT TR A B
054800 3F/F  GCATCAGTGCCTCCTCTCAGACGCCGTACTGGTCTTCTGTTCG Amplification of AIAZF1
downstream homology arm
fragments
pyrG/TR GTCTGAGAGGAGGCACTGATGC AAfIAZF1 $AE5 14
pyrG/TF GCCTCAAACAATGCTCTTCACCC AAfIAZF] validation primers
054800 RT/F  GCCATTCACCTGTCTGTTGGAC AfIAZF1-ORF KHIE5 4
054800 RT/R  CCTACGATCCTTTCCACGAC

AfIAZF1-ORF validation primers

250176-5
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e TR BN S RERE, AN E
PR
1.9 B EIEN A ERBIFERE IS0

Bl YGT #5522, JfH HC1 55 NaOH ¥
WO s SR pH TR 5. 7. 9. 1. 4y
WHERD 2 uL WT Fl AAfIAZF1 0B W)
(1x10° A~ /mL) B A[H] pH Hige ki, 29 °CHARE
BigE, 5 dJRMEEE BRI, Sitad
TR BN EE S REE AN SR R K
1.10 HphEHH AFB, F9#

A3 SR 2 WL WT Fl AAfIAZF1 53 A i T
W(1x10° ~/mL)E YES [&E {1555 5(d=60 mm,
10 mL/IL), fRI'EFE 29 °CHARE FE 3R 5 do FFT
LA A B R H AR TP XA TR, R
FBZE 50 mL Z.0ET, A 6 mL &R ke, S
P& 1 h; WHUR ZTH 4 mL 38 25510 10 mL
EP &, TG RAEZEILSE e,
AT R TR G PR, % 1 g1 mL
FLBIINA CH,Cl,y, i i iR iEdR v LB R BV
PERPE R AU A 65 °CHERS H % 4L 20 min, Ff
PRICAF SRR  BOE B2V 5 BB RIS T
FERCAR b, SRR i B BRAE S E ) B 4 A
HGEFITN AR 9:1 B FH B 50 mL A2 IR 45
FER AR E A ZATEL T, RRIZ TR R T 45
Je, A FHEER RS 365nm SRAME T K
MEE R E O IFFAREIC S - 11 GeneTools # {41
TrEm B 5 IREA , AL Z IR .
1.1 EERERE

BEIA N LN B AR AT A AE A PP B
WA, A 75% BB G , A
37 °C. 180 r/min MYFERNIRTS 5 min FE1 7R
THEE, F 0.02%h Rk vEd 3 Wk, FHIE40R
TAEA R WA . K b PRAF AR A B T Al
W2 UEACRI BRI, BRI 8 hr, BkifEAd: b
B3 L WRBE A 1x10°4~/mL /1 TR, 29 °CE
KSR 5 d IEHA R, SRR AE A 55755 50 mL &5
DT, BN 8 mL 0.02%h bk, W EdR
¥ 30s, W1 mL 43R 7 PR E] 1.5 mL EP
Brh, HTFHBRFEENST. FEFRRPHTE
WHIMA 5 mL & H kL, 180 t/min $EIKIRY

20 min, #E 30 min, BEEREETA VISR
10 mL EP &+, T XS BRMT, KA
ZETRi TR A S RER, &
A SLHE IR
1.12 IR IBFN 2 47

FIFH IBM SPSS Statistics 26 ST d it
rabaR, JEigi &L Hr, F GraphPad Prism
(version )il &l Kl o3 H J7 i AP STREA ¢ K
¥, @EMARSEREP<0.01, FAxtEER
W2 P<0.05, A*FRZEFEE).

2 ZEREAM

2.1 EHMEDPHEFRET ANAZFI WEER RS
EBNh

HEARE D CH, MR A1 TrAZF1 A9Hk
2 BT TE AE IR A M s pH A8 b R
(Antonieto ef al. 2019). A T 58125 % N +F7E
WP ERMELREGHEERAET .
pH 3E 0 S 8 , A9 1 S DL L IRK S TrAZF1
T SME e NCBI P A7 [A] R X
# NRRL3357 Hf AFLA_ 054800 LK 2 it (1)
HEMY TrAZF1 WFRIEYER 50%, K4 h
AfIAZF1, ZHHEK 1544 bp, &3 PNET,
Gt T 443 DRI . RE VR
R AfIAZF1 S5KEY AZF1 R4 L FR Tk
(K1 1A). AT R KL AIAZF] &
MRS 2R e A, parasiticus . KIWEE A. oryzae
PRHNEE A, niger. MHHHEE A. fumigatus . FIEEHNES A.
nidulans . RS F. graminearum . WLCAREE T.
reesei, JKEE P. grisea. BRIERELE S. cerevisiae
IS 44 CH, BUBHR A (A 1B).
2.2 EHE AfIAZF] FREVRROE

MR [R) R 2 R PR T AfIAZF] SR 58
ARk, RARRRIE R 3 % PCR 514 M4 B W
K 2A, Pl BIWIBETTHHE AfIAZF]1 FER R, AUAE
SRR AT 250 SR s 514 P2 Bl 5 | s |
V) P3 MIEM G153 L& T35 pyrG 1 [R5
B BT RIS R B, HRBTERBRAR 1
it AR PEG /- R AY55 4L PCR ik /5
53] 4 AT, PR B, (HH
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A

f=)}
1®)

100 XP 002378224.1 A. flavus
EIT80398.1 A. oryzae
KIK64458.1 A. parasiticus
AS5ABVO.1 A. niger

100
98
48
100

EDP47468.1 A. fumigatus
XP 664107.1 A. nidulans

100 WXC62894.1 F. graminearum

NP 014756.3 S. cerevisiae

ABB89847.1 P. grisea

A. flavus

A. parasiticus

A. oryzae

A. niger

A. fumigatus

E. graminearum! N | |

T. reesei

A. nidulans

P. grisea

A. thaliana

S. cerevisiae

NP 001031589.1 A. thaliana

249 279 307 338

I |

261 291 319 350
I

1 1 !

[ e e e s ]
I I I I

1 237 267 297 325 455

249 279 307 3."58

| (=]
P !
1 225 255 285 313 443
249 279 307 338
| | | Il

1 255 25‘5 285 3:3 447
24|5 2'i'5 3(|]3 33]4
At |
1 221 251 281 309 A+
250 280308 339
1 1 1 L

1 1 I I
1 226 256 286 314 493
271 303 331 362
l 1 | ]

| I |
1 247 279 309 337 506
263 293 321 352

! Il

|

1 Il
! ——
1 239 269 299 327 457
209 237 263 295
O T
[ I I]I []I ﬂ] | ]

|
1 185 215243 270 491

65 94 124155 217
 —

141 70 100130 192 349

615 643671702
| Gy |

[ T
I | ! R |

[ Zinc finger C,H,

1 593 621649677

914

E 1 HWBRAMEETS AZF1 EENRGLBENREMESH A HET AZF1 EAREEER, Hrh it HmERE S
T : AfIAZF1 (XP_002378224.1, Aspergillus flavus NRRL3357); AnAZF1 (A5ABV9.1, 4. niger CBS 513.88); AfAZFl
(EDP47468.1, A. fumigatus A1163); TrAZF1 (XP_006961893.1, Trichoderma reesei QM6a); Azflp (NP_014756.3, Saccharomyces
cerevisiae S288C); CONI1 (ABB89847.1, Pyricularia grisea); ApAZF1 (KJK64458.1, 4. parasiticus); AoAZF1 (EIT80398.1,
A. oryzae); AnAZF1 (XP_664107.1, A. nidulans); FgAZF1 (WXC62894.1, Fusarium graminearum); AtAZF1 (GHJ86605.1,
Arabidopsis thaliana). B: H.H AZF1 & [ 255K
Fig. 1 The phylogenetic tree and domain analysis of the AZF1 proteins in Aspergillus flavus and other fungi. A: The phylogenetic
tree of AZF1 proteins. The phylogenetic tree were constructed using MEGA7.0 software. The protein information is as follow:
AfIAZF1 (XP_002378224.1, A. flavus NRRL3357); AnAZF1 (ASABV9.1, A. niger CBS 513.88); AfAZF1 (EDP47468.1, A.
fumigatus A1163); TrAZF1 (XP_006961893.1, Trichoderma reesei QM6a); Azflp (NP_014756.3, Saccharomyces cerevisiae
S288C); CON1 (ABB89847.1, Pyricularia grisea); ApAZF1 (KJK64458.1, A. parasiticus); AoAZF1 (EIT80398.1, A. oryzae);
AnAZF1 (XP_664107.1, A. nidulans), FgAZF1 (WXC62894.1, Fusarium graminearum), AtAZF1(GHI86605.1, Arabidopsis
thaliana). B: The domain of AZF1 proteins.
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- «~ 1412bp

2 BB AfIAZF] SREFRIBE A FINE AAZF] BRI IEE ; B: WT il AAfIAZF] HRE) PCR &
HIE. BELRBRAR AL T3 5IM T1, T2, T3 F1 T4 o BPAERIRERE WT /9 BHPEXTIE; CK L ddH,0 tsidi, 14
PEXTRE s BHUIRHEBEICFLAR S P1. P2, P3 73513 G4 P1. P2 HI P3 1P 145 R, Marker: DL2000

Fig. 2 Construction of AfIAZF1 deletion mutant strain of Aspergillus flavus. A: Strategy of the construction of the AfIAZFI
knockout mutant. B: PCR verification of WT (wild type) and AAfIAZF] strains. Knockout transformants are represented by T1,
T2, T3, and T4; WT strain is the positive control; CK uses ddH,0 as a template, serving as the negative control; Gel wells
numbered P1, P2, and P3 represent the amplification results using primers P1, P2, and P3, respectively. Marker: DL2000.

P2 il P3 ¥ HENIAG &4 (E 2B). MR, Hik
F T1. T2. T3 Fl T4 S0 Ef 0 B D bR Ak
VEEL T2 Ve N5 800 TR X 42 .
23 AfIAZF1 [EREEE £ BT ~%

W BN ERTFAUELEES RS H
1) 2L S, WS T DI AT 4 g i A
17(Cho et al. 2022). i T W5 AfIAZF1 1575 #25
AR AR A SRR AR WT Fl AAfIAZF 1
PRREEFIAE PDA 555558 b, WSS VE A K K sy
HERTFRIENE 3A), WT 5 AAfIAZF] HERE
AREAWR2ZR, [BRrERF2R% 60, 5E
IR, BT R I WT 5 AAfIAZF T BHERY)
g HARZ TG0 3% 22 57 (K 3B), [0 A4fIAZFI

BERR AR ) A A K TP A (] 3C).
FULET UL, AfIAZF1 5RO 85 il 2 AR K A 3%
M, EX 43R A1 A BAT IE AR VE .
2.4 AfIAZF1 & EEZF AR IEBEEF
% 2 LT (1 — R ORI 454 , RE OS5 I EL
FERD B A AT (R ESE 2018). 0 TR
5 AfIAZF] ZEw SR ZIE R, B WT
1 AAfIAZF] BERRAERNE YEPS 537 5E F S
=g il . B A BB AR = A T R
¥, T AAfIAZF1 BEREREAE TE AP IR v UL ) B
E(E 4A). GITa5 RN, AAIAZF] BEREEA
TE A% (K] 4B). HILAT UL, AfIAZF] IEJREE T
B A R AZ Y O TR o R R I E EAE A
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2.5 AfIAZFI HERE R A RO IS M E 2 B4 BRSO RN, SRR, 74
B AR A Z PO B VAR B2 R R R AR,
(Alvarez-Zifiiga et al. 2021), N T W AIAZF]  AfIAZF] BEkE 4 0070 7505 B2 T (K 5A,
AN XA R BRI R ARBIE sc); WHASLBRITT IR, AAZFT Eibk
¥ WT FI AAfIAZFT BIRR D SRR ERAIE . BT g P80 B0 (18] 5C) .48 R, AfIAZF ]
PLAFIRE | TR . MR A Bl . FUBIRUET o i 2 xR U R T PP & PR TSI, FLGER
M8 FhERIAIE SR b WEEE ERIFRIHE T [ A i w2 5
Pk WT M AMAAZED WHRAEFTHBARSTRIE 96 sinBsE NBAMINERNT AAZF] B
BIEEAR R i 25 5, HAR R G iR i@
BRTE AT @2 FIE A ERR IR IS AAfIAZF T TRtk N T RIS T AIAZF1 78 i8S A
T HAR R E R TP AER(E SA, 5B). AT [FIRRIRERE I ONRE, ABFTOR A RIAN A4fIAZF]

A B . 6 -
WT AAfIAZFI
— 10 —= 80
-~ ﬁ SE‘
ﬁg}(}.s— F%-:é .
— 2 06f 8/ x
=5 Hg 40+
5 04F R 5
=" =9
02} s
0.0

L 0 L
WT  AAfIAZF] WT  AAfIAZFI

E 3 BB A4ZF] NEFEKMSEBFHEAOEIE A WT Fl A4fAZF] HRAAEK A7 E; B: WT
AAfIAFZI W% BARRIGETT 00T s AR A K =T vk EAR/MFAE R BVE AR C: WT M AAfIAZFT 77 A A AT 5E o0 s
RZEMERFOR S KEEMARIEZE, *FoR P<0.05 22537 3%, **FIR P<0.01 25 EE; FH

Fig. 3 Effects of AfIAZF1 in Aspergillus flavus on growth and conidial formation. A: Growth and conidial formation of the WT
and AAfIAZF1 strains. B: Statistical analysis of the colony diameter of WT and AAfIAZFI strains. Relative growth=colony
diameter/wild-type colony diameter. C: Statistical analysis of the conidia produced by WT and AAfIAZF]. Error bars represent the
standard deviation of five replicates. * Indicates a significant difference between the WT and AAfIAZF] at 0.05 level; ** Indicate
an extremely significant difference between the two strains at 0.01 level. The same below.

A B
WT AAfIAZF ] 150 -
T
o
Before wash g 100 L
= 8
S
= B
= 50+
=
Zi
After wash
ND
0 L |
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B 4 AfIAZF] BERENRESHEHBSTRIEREZ  A: WT Fl A4fIAZF] 1€ YEPS Kbk EREIE BTSN ; B: WT
I AASIAZFT TE5S T RIS BAZECR (58T 3BT, ND F kA 21 3 %

Fig. 4 Deletion of the AfIAZF] gene results in the inability of Aspergillus flavus to form sclerotia. A: Sclerotia production by WT
and AAfIAZFI on YEPS culture medium. B: Statistical analysis of sclerotial yield of WT and AAfIAZFI on the 7th day. ND
indicates that no sclerotia were detected.
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Fig. 5 AfIAZF1 regulates the carbon source utilisation process in Aspergillus flavus. A: Growth of WT and AAfIAZF1 on different
carbon source media. B: Statistics analysis of colony diameters of WT and AA4fIAZF1 on eight types of carbon source media on
day 5. C: Statistical analysis of conidia produced by WT and AAfIAZF].
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=BGt R T ROE, SRR A44ZF]
PRI YA 7 A i A 50 o 25 I T A 7Y
(K1 8B), JHZZITIEL RN AAfIAZF] itk
ZOLBR R TR R 8C), AHXE 4T
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Fig. 6 AfIAZFI mediates Aspergillus flavus adaptation to different acidic and alkaline environments. A: Growth of WT and
AAfIAZFI on different pH media. B: Statistical analysis of the colony diameter of WT and AAfIAFZ]. C: Statistical analysis of the
conidia produced by WT and AAfIAZF .
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Fig. 7 AfIAZFI negatively regulates the AFB, biosynthesis. A: TLC analysis of the production of AFB; by WT and AAfIAFZ] on a
YES medium. AFB; is the standard aflatoxin. B: Quantitative analysis of the yield of AFB, produced by WT and AAfIAFZI on
YES medium. Concentration of standard AFB, is adjusted to 1 pg/mL, then the relative quantification of AFB; was analyzed
using GeneTools software. The same below.
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Fig. 8 Effects of AfIAZFI on the pathogenicity of Aspergillus flavus. A: Growth of WT and AAfIAZF1 strains on peanut. B:

Quantitative analysis of the conidia produced by WT and AAfIAZFI on peanuts. C: TLC analysis of AFB; from WT and
AAfIAZF 1. D: Quantitative analysis of AFB, produced by WT and AAfIAZF 1.
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3 Wik

PR RV SR F CoH, KR AZFL fx
SRR TR R B v o R B, e R A T AL
F21K(Stein et al.1998) . HE— A58 K BB IE 1 1
) AZF1 IE PR T A RA 40 G1 &R
S FEI CLN3 %% 5 (Newcomb et al. 2002).
Slattery et al. (2006)% PRHERE f £ AZF1 P85
FE DR R A U ) R G, 22448 2 A S ik
YA B IR T R R B R A DG S DR, 224 LR A H il
VB SRy i 58 o 142 T 40 R s e P A DG R P LR
REEH AFZI WIREIER TrAZF1 LERRIEA I BE
18 (CCR)Z& M T J0 125 38 116 2T 4 25 il 3 IR () e 58
(Maués et al. 2023), A, TrAZFI @R HRTE
PDA FIAZLWE. AIANE . AHE. HEEH . WL
R 6 FRRIRRIE IR IE F 22 E R K,
T E LA BRI REAA A R R DR A 855 2 3 b 270k B T
A= K- B 4 (Antonieto er al. 2019). # %% iy
AfIAZFI WHRe 5 BRI TrAZF1 2540, (H
e sy 22 5% . S AR AR L, B8 ih 5
AfIAZF] BSTEREAE PDA FILAFLIE . Hl . 5%
B ARWE . BURCrRE . TERE 6 FIRRIEIEFEIE 1Y
P22 KA X, AEAE LATE R A H B4 A ik 5
W) AfIAZF] PEREERRI RS B B, 5
HAERRAZETHREEN TAZF1 BVERASE
A ATAZF1 5 ARAE LAFURRT H b Ak
TR FREE F I A TR B 2 T A A,
IM7E PDA FILAHGEIHE . BUhifAbs . HaEehs. if
Wl DA A A i %) 35 75 3 B4 AR R0
DT R X AT B AfIAZFT RS
FEAT B LU H I R IR 05 A T, fRRR
SR T o AR AR B SR IE IR (U blrA) T
i, OE T IRASE AIAZFT BT
S S N 10 11 3 A e IR | 1% 6 ) | P
BRI, ECR AL SN T AZF T JRRRIEACIET Y
DIREFEORFIY, HE EARHLE] 5 B R AR

CoH, UG SRR T 50 A TR BRI R A% ™ A
A ERRECHMAEIEN . BIRAKRE TrdZF]
A 5% AR B9 43 A 48 7B B AE 3R (Antonieto et al.
2019), CH, BIEESEN T Tha09974 IEJA¥E A%
FI = (ZEUTIASE 2019), KIFEFIHEE vdmsn2

e 224K | A BN ) (Tian et al.
2017). TG AUVCGBPI HARIE 995 BE T
FEURIBA A% B0 i 35 /0 F B 4 B TR B (Chen et al.
2021). AR E MR AfTAZF1 W5 A A F
()7 A R A T AT IE TRV E R, R 2
AERRAE 37 CA&M T ALK 7 d IR 58 & WA r- A
Mo I, CH, BRI+ AZF1 FiZZEAIRY
Ho A 2 55 PR F-—FEAE 7= 0 R0 B AZ I 1 HR A2 AE

CoH, Tf 53 R 7 R 8 445 L I 3 107 PR B A 35
MIRET] o FLIA ) I AFTER B i 5k [+ PacC
VAT BB X R 53 A o o R AR P o A
FIFMEE I pacC B 58 A8 A B 4% 14 19 i
BN 5 (Bertuzzi et al. 2014; Luo et al. 2017),
M B E RN pacC REALRIEFRE IR 251 T
AR A=A RE J1 4B 8 T B (Chen ef al. 2018).
AN, FMBE T pacC BB FEILNTE 5 Kb
I SDS AU S pH HHMERS I (Luo et al.
2017), BIRAKTER TrAZF1 B H MW pH
A AU (Antonieto et al. 2019), 5B RAREH
o1, BHEE AMIAZF ] SER PSR T B0 TR A5
WEET o e A B W IR T EP AR B, T
AfIAZET AR A BR B A5 1 T iR 224 K
HRREA N, FE ST AZF1 76 EFIE WA [H
pH A R EZ/EN, (AR A
ol Je8 AR S 2

B CH, BN FAMUEAEAR AT,
T ELAE 45 R A = 19 6 1 TG [l e A
YER . MR EET Tha09974 MRS B3R T
TR 22 ) 52 A e T ORI i B (R A5 P RE ), i E
XoF URF 355 5% Hh B A R TR Bk BE A% BH I 1 o619 7 A K
(ZWrIHAF 2019). BHhE AndZF1 @Ay
MM RER A (OTA)G ALK R IE EIE T
OTA HIAEWYA (Wei et al. 2023)., I4h, HHFS
FE W i B A 11 [Zn(1D),Cyse |5 5 R 7 AfIR
P RZH SRS BN, AR EkR S
G e IS S S DN TR gLl N
TG (R X4 2005; Liang et al. 2022).
WAL SR T AfIAZF] (2 S3CLAE YES
Rigr 3 mAed: bA R AFB, 7= 3N .
AfIAZF] SR TEMESER AN, X5
WihEEh AZF1 SN EEFE I .
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