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Protein kinase FgBud32 is involved in fungal development,
pathogenicity and stressresponses in Fusarium graminearum

LU Qiangian”, HU Denghui”, ZHU Jindong, WANG Guanghui’

State Key Laboratory of Crop Stress Biology for Arid Areas, College of Plant Protection, Northwest A& F University,
Yangling 712100, Shaanxi, China

Abstract: Fusarium head blight (FHB) caused by Fusarium graminearum is a highly destructive
disease of wheat, causing major reductions in yield and quality worldwide. Our laboratory
identified 116 protein kinases in F. graminearum in previous study, among which deletion of
FgBUD32 gene could cause serious defects in vegetative growth and sexual reproduction, while
detailed function of the gene in F. graminearum has not been reported. In this study, the
biological functions of FgBud32 were revedled by systematically comparing the phenotypic
difference among the wild-type PH-1, Fgbud32 mutant and complemented transformant. It was
found that Fgbud32 mutant was defective in vegetative growth, polarized growth, conidiogenesis,
conidial germination and sexual reproduction. The Fgbud32 mutant also failed to form any
perithecia. In addition, the Fgbud32 mutant exhibited a significant reduction in DON biosynthesis
and pathogenicity toward wheat heads and coleoptiles. Moreover, deletion of FgBUD32 gene
increased the sensitivity of F. graminearum to oxidative stress (H2O,) and DNA damage stresses
(HU and MMS). The FgBud32 was localized in both cytoplasm and nucleus, and accumulated in
nucleus under certain stages or conditions. Taken together, the protein kinase FgBud32 was
involved in vegetative growth, polarized growth, asexual/sexual reproduction, DON biosynthesis,
infection, and responses to oxidative and DNA damage stresses of F. graminearum. Its underlying
mechanism needs to be investigated.

Keywords: Fusarium graminearum; sexual reproduction; pathogenicity; oxidative stress; DNA
damage repair
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Tablel The strainsof Fusarium graminearum used in this study

LS [l K
Strains Descriptions Source
PH-1 Wild type Purdue University
BM-9 Fgbud32 deletion mutant of PH-1 Northwest A& F University
BM-15 Fgbud32 deletion mutant of PH-1 Northwest A& F University
BM-18 Fgbud32 deletion mutant of PH-1 Northwest A& F University
BC-2 FgBUD32-C transformant of BM-18 This study
BG-6 Native-FgBUD32-GFP transformant of PH-1 This study
BR-1 RP27-FgBUD32-GFP transformant of PH-1 This study
113 HBEHRE Tl K BB B3 Ustilago maydis (DC.) Corda 137

YEPD }i7idk: #j4ihk 209, HH 1049,
TR 39, MIZKZE 1L; PDA 53:3E. PDA
MR (R A) 389, NMIZKE 1L; CMC HAR;F
e, W ILLHERY 159, BERHEE 1, B
M %M 19, LREGMMREE 059, fiffR%k 19,
PKZ 1 L 8% PIEFRAEE: $1% b 200 g, B
JlE%r 109, K= 1L,

12 7%
1.21 Bud32 [ERERBIREMI

TE TR BERE B0 J2E (https://y eastgenome.org/)
H R 8 Bud32 R 1741, AR 7E L Ak (R 2
¥ ¥5 % Ensembl Fungi H | H BlastP D gE Lb X
EoE A N AN O A ORI N l = WA ]
(FGRAMPH1_01TO7133, fir44 M FgBud32), #
AT FoBud32 £ 17 41 75 BRI 1 Bk e 1 v
WA R BlastP HEATH#IN. #E NCBI %d /4
(https://www.ncbi.nlm.nih.gov/)# L FgBud32 f¥)
EHFIMERZ TS, FIH BlastP 1) 7%,
A Aty A b i [) 05 51 o A 9 Y T
BEA T2 R ]9 PP ER B B2 £} Saccharomyces
cerevisiae (Desm.) Meyen, 244 JJ % Fusarium
oxysporum Schitdl. . #1 & ik 1 i§  Neurospora
crassa Shear & B.O. Dodge. #%#LE Sclerotinia
sclerotiorum (Lib.) de Bary . ¥4 £ i 5 Aspergillus
nidulans (Eidam) G Winter F1 %! 5 B
Schizosaccharomyces pombe Lindner; 1 T 51 14

1486 BEEIR

R FEK T Cryptococcus neoformans (San Felice)
Vuill.; BEE YR IEAIE Lobosporangium
transversale (Malloch) M. Blackw. & Benny FI:1f
1% Linnemannia elongata (Linnem.) Vandepol
& Bonito; 5 1R IR B2 Conidiobolus
coronatus (Costantin) A. Batko F1 24 77 e 26 25 [#
Basidiobolus meristosporus Drechsler, 45 &
I [ER 74 Clustal X #FiE1T 2 751
Xt 434, {8 Fl MEGA 5.0 Bk {444 1 R 4t it
B S
1.2.2 ERFREEN

(1) BFEARK RN G SIESUE: el RE
WA RTE PDA “FA b4k 3 d, FfEHEREN
5mm T FLARTE B 75 0 2 (0% J1HRERS) b T4L
W OHE B AT PDA B3R E, 25 CHEIE
FiFR 3 d Eif AT s O R . BRI
H3NEE,

(2) sy KBS WSS 7ETE AL
3 d MR B R EPRE 341~ B AR 5 mm i1y
E, KRS B4 50 mL CMC 55573 =
fafi, 25°C. 175 r/min #2155 5d. HJCHEIEA
TR A A, B RS ORO T BOF gt
. BRI E 3 EE, BRI
3o WU AT F 07 I, BT s T s
SHHEAFIEAI IR,

(3) A=Al A M - K ARAS 1 43 AE A
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T ZE 54 50 mL YEPD WA 3= 5L 00 = £
R, 25°C . 175 r/min $E5% 6 h, KERE g A
IS A LIRS TR, IR T B RE
W I/ B RV T B S TR

(4) A PEAFE R AR K35 Ak 3 d A9 FEI
WHRER T8 M SR b, BT 25 CHHIR S
FAETRRERESE 7d )5, 0 1 mL 0.1%0nt i F
SRR 2RI TR A& T 22 5P 5 i . B
JE IR ILE T 25 CHgfah, MBI T
HEME AL (12 hil2 hydka i %, 7 d G s T
270 N1 FE A1 1 B LIS O o 45 TR bk 43 0l 15 7
3NEKL,

(5) RAHRIITRECE IR . /INZZ REFEFPE -
WD R A 4 A A0 R e B &8 2x20° /L
N AE T, K 10 pl 996 BRI R /)
LA E N /NME L, HERIC SR IC R
Mo BERINE BRI SR IME 22, BT RE
/RN 10 /N E B FREERD 14d )5, Seit/h
A2 BRI R TG DI HR I N2 IR R R i -
INERFETHEA 3 2B g AR R M=
TR 2-3d, K 1 om 247 IR 2R 5 FH B
T3 THUS B 5 W2 B 10 L 9 B Sl 2x10° 4N /mlL
FITF-BIF R RV 4k, 25 CIREEEF 5-7d
JE SR IRFERR BE K B 4 i . DON B K kil
77452 Bluhm et al. (2007)A9 4 .

123 NMEHFEEBEUVRREE

(1) /NZERESERD . R R TR AR Y 23 2E A
TUREE A 2x10°A~/mL. 4 10 pL (M9EFEIFR
RV BRI/ NERRR/INME | (2) BURE: 7ER
BRI RN 5 d 5 HBURE, K/ NERBTIR AL /N AE
B RSB Tok; (3) FESMALER . HTI R F/MEh
I 0.5 cmx0.2 cmx0.2 cm [/, BT 4%
IR R P E s 3k, 30 min/ik, Bl
FH1 0.1 mol/L PBS (pH 6.8)7 %k 4-5 ¥k, 43 5il{di FH
30%. 50%. 70%. 80%. 90%F 100%f . F5ff:
FEMK, 30 min/ik. 43 1:3. 11, 31 (1

1 ) N2l e F A 7 B4 s, 50 “C T 48 h
JERAER L (4) VI 544 H LeicaEM UCT
R R ML T R (2R 100-200 pm),
BFEI A EH 1% SRR T, JoRE K
eI BT R AMEE WS,

1.2.4 DAPI F1 Calcofluor White &

% DAPI Fil Calcofluor White JLfl43 5iliA T
PBS R ANIC K, 23 miC il sk By 10 A1
40 pg/mL BIRERE, EEOGORAES . W 40 uL
Ao DU TR 1) 0 A 0 B TR 22 8 U, 40 I A 5
AT DAPI 8 Calcofluor White FERIR ],
B 5-10 min, Bl WHORE dilil R, AESOE B
(Olympus BX53) T 4 7WLE 411 B8
1.25 FgBUD32-C. Native-FgBUD32-GFP #0
RP27-FgBUD32-GFP & {&#)i&

ARWFFER B AN A& FgBUD32-C Mwdt 3k
KA Native-FgBUD32-GFP 1] it FH Y B 42 28
&l pKNTG, ity did FiE 5Lk RP27-
FgBUD32-GFP i it FH 1) B 32 8444 pINARLG,
g3 FgBUD32-C H #h#kik, HEM 5
BUD32/CF+BUD32/CR ¥ 14 %47 FgBUD32 J1ji
e 2 HE (ORF) M2 L | 1.7 kb FI R i 0.5 kb (19 4
B, #RJ5iE 1 ClonExpress® Il One Step Cloning
Kit ¥ 5] Kpn 1 5 Xho I 3G ) 25 14 1k )
PKNTG Ak I FI A [R] 4 51 ] 58 2 4 34
# Native-FgBUD32-GFP FlI RP27-FgBUD32-
GFP k{4, 7E#4 2 Native-FgBUD32-GFP i+ [ 5|
¥ BUD32-GFP/F+BUD32-GFPIR 14 H &4
FgBUD32 ORF (A% 2 15+ TAA) S H: FiF
1.7 kb M B, RGeS pKNTG #Hiik I
(Kpn1 5 Hind HIAUEE 1L ME4k) o T 7E 4 2
RP27-FgBUD32-GFP I} ffi 5| ¥ RP27-BUD32-
GFP/IF+RP27-BUD32-GFPIR 414 H &4 FgBUD32
ORF (A& L% T TAA)M A By, R vake
#| pPINARLG # /& - (EcoR I A1 Hind IIIXLfGH)
grkfe). FTRBIITHIE 2,

EFR 1487
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F< 2 FgBUD32-C. Native-FgBUD32-GFP LA K RP27-FgBUD32-GFP & {A 3% Fir i 5149
Table 2 Primers used for generation of FgBUD32-C, Native-FgBUD32-GFP and RP27-FgBUD32-GFP

constructs
519 741
Primer Sequence (5—3)
BUD32/CF AGGGAACAAAAGCTGGGTACCGTCCTCGCGCAAATCATCAC
BUD32/CR GAACAGCTCCTCGCCCTTGCTCACTCGACCAAATCAACCTGCGA

BUD32-GFP/F

AGGGAACAAAAGCTGGGTACCGTCCTCGCGCAAATCATCAC

BUD32-GFP/R

GAACAGCTCCTCGCCCTTGCTCACTCCAAGCATGCTTCGTTTGC

RP27-BUD32-GFP/F

TTTCGTAGGAACCCAATCTTCAAAATGACGACAACCACGGCTACG

RP27-BUD32-GFP/R

GAACAGCTCCTCGCCCTTGCTCACTCCAAGCATGCTTCGTTT

TE: T RIZRBRTE P91 o AR I 51

Note: The underlined sequence is homologous to the vector ends.

2 BR54H

21 REHEHTIES Bud32 RIEEAR RS
HWE S

T HFE FgBud32 7 E 1A R G HEL P
SR DL R HAE AR A B T R I TE R P g, FRATTRE
5 7 FE 5 1] 9 Bk B2 £} Saccharomyces
cerevisiae (Desm.) Meyen ., R4 JJ # Fusarium
oxysporum Schitdl. . 1 & Jik 1 §  Neurospora
crassa Shear & B.O. Dodge. #%#LH# Sclerotinia
sclerotiorum (Lib.) de Bary . 4 i i % Aspergillus
nidulans (Eidam) G Winter F1 % 5
Schizosaccharomyces pombe Lindner ; $H 75 [ 14
Tk BB A Ustilago maydis (DC.) Corda FlT
HIFAER A Cryptococcus neoformans (San Felice)
Vuill.; BERE1YFHEEIEAE Lobosporangium
transversale (Malloch) M. Blackw. & Benny Fll
fi#f%F Linnemannia elongata (Linnem.) Vandepol
& Bonito; AR YT EIRH- % Conidiobolus
coronatus (Costantin) A. Batko 120 i 25 5 4
Basidiobolus meristosporus Drechsler F 1) Bud32
)52 AT 2 e 81 et 2 A . FgBud32 i 262
NEFEBRA N, Hh 36-223 aa kb A —A
PRAT 0 26 I 5 R () 1A) . BRI AN, 7E
Bud32 [ 54 [ AR S i A7 72— 124 20 aa (i

1488 BEIEIR

SEREA, RN B R e, R
MEGA 5.0 X Bud32 [A]Ji#E 1T Rt fbsy
Bro G HEARA B 43 SRS A B 43 B R W
Bud32 722 R L AR H Osy, LR AF
A YRR R R (E 1B),
2.2 FgBUD32 EEXEFE KM MEEK
HMAFEZEEA

SEEG AT T 34> FgBUD32 2 A 11 i
BRIk, 43 5lar 44 BM-9, BM-15 #il BM-18
(% 1), 31 Fgbud32 AR ARFA—F, KA
S BM-18 BARH T4 R IR . A5
¥ FgBUD32 JENwifEs] pKNTG ik 153
FgBUD32-C fil & 44, Fifi 5 Hod it PEG /i
1 SR SRR A7k T AR Fgbud32 2875 (75
F| 7 HAMARK BC-2 (% 1), 7E PDA i3k I,
H AN VR BC-2 5 A R T R ) A K R A
XS, (H Fgbud32 ZA5 A A K R i 3
A, (R EFA= 8 PH-1 R 13.6% (8] 2A,
% 3). WA, AHE TR A B AR PH-1 F1H A
EALF BC-2, Fgbud32 % A8 {3 A= 1 22 Fi i HL.
FE/N(E 2A); TE RS T WS AR %,
KI Fgbud32 78748 (K B TR 22 5 4 ih H 3 %
/(K 2B), LA 455K, FgBUD32 LA
14 Bk 2 ™ B 52 ) R 45 9k 0 TR I R A R R
A K
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s pombe SEKPDLRQR— csh  IVREIKEKKLT VVK
L mlaga maydis KHATDTHVVALDGQSMSKRASRDPPS T TSAKVAGSSMPKKVSAAPKSTPNAPPL VALLSD SNLSV K|
Cny MAASTP——————-] LLSRG——-T
L MON A—Q
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310 320 330 3410 350 360
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Saccharomyces cerevisiae

JSGOAEGEVEVIES J[I[E‘[AWMG\ TP\RF[P[
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EL| HT TYQSTDYHR

L(‘EDLPF(‘H(FS\ [

Fusarium graminearum
Fusarium oxysporum
Sclerotinia sclerotiorum
Neurospora crassa
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Schizosaccharomyces pombe
Ustilago maydis
Cryptococcus neoformans
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Linnemannia elongata
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Saccharomyces cerevisiae

A QSWKQ!
KEK v T AR ifh(’RfMSk

4H\f<\\” G|
GRKRSMLG|

B 100 — Fusarium graminearum
45 E Fusarium oxysporum
100 Neurospora crassa
53 Sclerotinia sclerotiorum
31 Aspergillus nidulans

Schizosaccharomyces pombe
100 Ustilago maydis

Cryptococcus neoformans
68 Conidiobolus coronatus
Basidiobolus meristosporus

61
85 {Linnemannia elongata
100 Lobosporangium transversale
Saccharomyces cerevisiae
—_

1 ARARNESKREFMEEE

260 270 £ 20 300

BN
\@HYV- IKC
RGAKA- S|
ARAA KA- 1

INREOKA-L IDT
KA-R IDT
])[
FLN-
YLIP

110 120 130 10 150

th Bud32 ElREBHZ FHILLRTH(A) AR R G 5717 (B)

Fig. 1 Multiple sequence alignment (A) and phylogenetic analysis (B) of FgBud32 orthologs from representative

fungal species.

2.3 FgBUD32 £
SEMRMEEL
SIBUR S NER /St WA 15 W s L A A B L
PRI FEfI ol 11.55x10°4~/mL; 1] Fgbud32 %
AR A P AR 0.64%10°AN/mL, Ay A= B

SH5SERTRI~E

PR R 1Y) 5.54%; 1117 FL AN B R 1) 7 A U [T A2
FEF A RUBR AR K- (R 3). TEMMEMTFIEAIr
T, BFAERIEPE PH-1 77 A 150 A 12 e AR
HA 4-6 1MRAE, 1M Fgbud32 %@M@%Ei@%
kS SN Y T e

Wb, BT

EER 1489
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WSS 0-3 4 ( 3A) MARIEbRIOSETL A LIS e
F7E YEPD Bigp ik i5% 6 h 5, &3 Fgbud32 : "
RAF R HIH K AN 63.41%, B KT 27 A= 7
R 94.05% (% 3), HEZFE KW R Bk
(Kl 3B), A EZREH], FgBUD32 JKH 2 T
RAEPRITE 3 LTI B RAT A
2.4 FgBUD32 EERKSHBMEEERE S PH-1 BM-18 BC-2
DS

ARA Bl T AT VAR B A ) T TR
ZORTERR M LR YU, R AT T
FgBUD32 R AEA M AR FE P ITE T . 45 %
B mﬁ% Mﬁfgi%’?ﬁ ! f'f 2 Fgbud32 RE KB EMES R E KM
Fgbud32 JAEMARE™ LT HTHTRZIE A wm pyot Fabud32 %15 f (BM-18) %
(Pl 4A), ITEF AL AU R PH-1RERE ™ E R E . g pir (BC-2)7E PDA 6% 3 d; B: HIF
WA A AR THOC DR MR IO bk DA 1k 24 h R MEELL.
W TG T 7 B G bk — R, R {HLE b7 R =100 pm
PR AR T RSO I AR, . Fig. 2 Colony morphology and growth defects of
T P B P A A RS TR A T A the Fgbud32 mutant. A: Three-day-old PDA
T(H 4B). L £S5 %], FgBUDS2 S S cultures of PH-1, BM-18 and BC-2; B: Hyphal

growth at the colony edge of the same set of strains
TR HRIIE RS IE . on PDA after incubation for 24 h. Bar=100 pum.

&3 Fgbud32 RTMFELEK. . B4, EMRELIKL DON BEEE K S HARERME
Table 3 Defects of the Fgbud32 deletion mutant in growth, conidiation, germination, infection and DON
production of Fusarium graminearum

Btk AEKEE gk flFH] & % AR A 2 T e ] T A
Strains  Growthrate  Conidiation Conidial germination  Disease index” DON (mg/L)E
(mm/d)? (10° conidia/mL)®  rate (%)° = JYR 2
Wheat head  Coleoptile (mm)
PH-1  10.79+0.01¥ 11.55+1.27 94.05+0.54% 7.75£1.83*  1595+3.04% 2080.50+23.71%
BM-18 1.47+0.06°  0.64+0.12° 63.41+5.33 0.44+0.18°  1.42+0.44° 23.69+0.09°
BC-2  10.22+0.36*  11.76+0.70° 92.09+0.92% 7.63t1.41*  1555+2.73% 1999.95+20.87°

FE: “HRRTE PDA BEFRINL B4R KR BE CMC R FR LRGSR 5 d IR B Aol ;. © 20 E4 778 YEPD i3 3535 6 h
R &R P IR 14 d 5/ NGRS TR B KR 7 d JE IR B AR BT BE RS R L, B4 10 B/
L) RRZERS s B XHRYLJG /N PRI T DON A0, 2253 W AR Fisher A/ P22 S (LSD)L 5, AR
AR RS T W 25 5 (P>0.05)

Note: A The growth rate of the strains of Fusarium graminearum on PDA plate; BConidiation after 5 d of culture in CMC medium;
CConidial germination rate at 6 h in YEPD medium; °The disease incidence was detected by the disease index of wheat spikelets
14 dpi (days post-inoculation) and the infection length of coleoptile at 7 dpi, at least 10 wheat heads and wheat coleoptiles were
examined; EDON toxin production was detected in infected wheat kernels. Data were analyzed according to the LSD test. The same
superscript |etters represented no significant difference (P>0.05).
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BM-18 BC-2

A PH-1
B PH-1

BM-18 BC-2

3 Fgbud32 SR A 1A FRIFASIA R BE & TRRE
A XTEFAE I (PH-1) . Fgbud32 27514 (BM-18)Fil .
M 1A Bk (BC-2) 1Y 43 A= 4t 5~ £ 47 CFW  (calcofluor
white)Je 4, FEIm o T LA SO0 BB A T
WEE; B RAHIRN B AR 192 A4 48 7 THIA YEPD
HiEFR 6 h, WE I & LUK E A KB, FrR=
10 pm

Fig. 3 Defects of the Fgbud32 mutant of Fusarium
graminearum in  conidium morphology and
germination. A: Conidia harvested from PH-1,
BM-18 and BC-2 were stained with CFW and
observed by DIC and epifluorescence microscopy; B:
Conidia of the same set of strains were incubated in

liquid YEPD for 6 h and examined for germination
and germ tube growth. Bar=10 pum.

25 FgBUD3 EFERFEREREFEM
DON S &&=/

FOY AL F R AL/ N A R, 14 d 5 BT
A RUBERR PH-1 0] DUMAEERD o i) bR w04 i i
A A FEE R, T Fgbud32 AR e
LRl SRR EN CIE DY I AR /MR (B 5A). 4
b s, BPAE TR R RS TS FE 50k 7.75, 1M
Fobud32 875 R KR - T 5N 0.44 (% 3). 53
Ah, AW T Fgbud32 58 {ATE/NE IR 2
W AEOR T . BERNIRZERY 7 d ), BRAE R bR
PH-1 SEOR 2R84 B B 4R IR FER BT,
KR BEZ) K 15.95 mm, 1l Fgbud32 28748k H fig
T LR A L SN R R SE (BT BB, 3 3). HLAb

BEAL FAE /N R ORIR ZE 0 | 42 YL g 7 24 [m]
B EREAER PH-1 ) KF-( BA, 5B, £ 3). 7
Hb, ARBFFELRTI T RN s /N Rk DON #
EEE. SR AR, Fgbud32 2845 {4
{RYL /N R DON BRI & & B2 FRE,
AR B A B B R 1.1% (3% 3). L 45 0],
FgBUD32 ik [K] iy dift 2 T 35 AR 75 4k T 71 240 g A
DON #: % & i Be /1 B E R

A PH-1 BM-18 BC-2

B PH-1 BC-2

4 Fgbud32 REFHBMEERME A B4
FI(PH-1). Fgbud32 Z&7Z1A(BM-18) LA K FLA#h i £
(BC-2)A MRS 7 d J HY-F-4it. Fgbud32 (A A fE
PAETRESE; B EAMAER T d)E, PH-LLIKE
#EBR BC-2 B FHEFI 3 IR S WA, prR=
50 um

Fig. 4 Defects of the Fgbud32 mutant of Fusarium
graminearum in sexual reproduction. A: Sef-crossing
plates of PH-1, BM-18 and BC-2 at 7 dpf (days
post-fertilization). The Fgbud32 mutant failed to
produce perithecia; B: Asci and ascospores formed

by PH-1 and complemented transformant BC-2 were
examined at 7 dpf. Bar=50 um.

J T HE—RSE Fobud32 S8R RS0 13k
FMRIR, FRATTAE /N B4R 5 d 5 B HCRE 42
ol A A/ NEE A A 7 ) P RO e €2 R B A TR R
PR PH-1 R0 B/ NSl R, A R AR YL IR 2257
e/ NERH LW B AP, WifE Fgbud32
A A T (10 /Nl 174 B 1R R R P 2 R 2 LR
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YL 22 A7 AE (] 5C) . R, Fgbud32 2245 (A
1RYLTH 22 E R IR N TC3R 4™ R mT 8 2 BUWR F1 1%
Ay F A

5 Fgbud2 REKHHENIHT A JHEFAR
(PH-1) . Fgbud32 Z7F {& (BM-18) Lk K H.#b B #4
(BC-2)My 73 A= BB Pl N RERE , R abricds
NEERP S B R IRBEARAY AR LT R N IR A
BEHEA TR R, RO 7 d SR T C: R
5d J&, XM SR/ NERFE TS, PR =
50 pum. FERERPEFAER PH-1 (RIS A R
MR YL TR 22, T fEHER Fgbud32 2845k BM-18 [
/NTEAN 2 b R R AR G TR 22 ) A AE

Fig. 5 The pathogenicity test of Fgbud32 mutant of
Fusarium graminearum. A: The conidia of PH-1,
BM-18 and BC-2 were inoculated on wheat spikes,
and the black marker indicates the inoculation point;
B: Wheat coleoptiles were drop-inoculated with conidia
from the indicated strains and examined at 7 dpi; C:
The rachises directly beneath the inoculated spikelets
were examined at 5 dpi. Bar=50 um. Invasive hyphae
were abundant in plant tissues inoculated with the

wild-type PH-1 but absent in samples inoculated
with the Fgbud32 mutant BM-18.

26 FgBud2&57&hERE
AT AR FgBUD32 3[R 2 5 2 5 A Ak ilie

1492 EMEFIR

WPZE, A TR AE RI T bR . Fgbud32 2825 (A F
HAME AT 5 AR R & 0.05% Ho0, 1 PDA
S b, 25 CTHESE 3dJE i YR AR
ZERLEIR, AR PH-1 FIH ANE AL TR A= K
12351k 46.8%F1 49.8%, il Fgbud32 74 [7]
KETFHIGERARAER, BIARKIE %A 100%
(F 6). LhEg5HRE, FgBud32 25 T RAHk
JIBRXF S AR T3 1 7 25 o

BM-18 BC-2

PDA

Growth inhibition rate (%)
wh
<
T
4
|,

PH-1 BM-18 BC-2

6 Fgbud32 RLEMFXIEMMBEME X A
BF AR (PH-1) . Fgbud32 287514 (BM-18)F1 H b i
PR (BC-2)7E AU NI 0.05% H,0, ) PDA 15 37 3
ERYEVEIES, 25 CHiJR 3d; B: HMRAETIN T
0.05% H,0, i) PDA Higdt by tE K=, =0
AT 3IRAW

Fig. 6 The Fgbud32 mutant of Fusarium graminearum
is more sensitive to oxidative stress. A: The colony
morphology of PH-1, BM-18 and BC-2 grown on
regular PDA or PDA with 0.05% H,0; at 25 °C for 3
days; B: The growth inhibition rate of the indicated
strains on PDA supplemented with 0.05% H,0,. The

experiment was performed at least three biological
repeats.
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2.7 FgBud32&5 T R&EHRITIEHRI DNA i
higg

AT HR5Y FgBUD32 J A 7E R 44k /] TR DNA

P EE T RER, AR T FgBud32 %

ASRTE S S A 5 mmol/L Y2 JEBR (HU)F0.3%H

ik 1 JiE (MM S) B il DNA 451453138571 i) CM S

FEAAGI T HU A1 MMS %} Fgbud32 2848 4431
filF i A RIEEN . 7E YEPD K 6 h )5,

PH-1. Fgbud32 75 {4 RN F 4 B 10 70 7 1 4 %
435K 94.05%. 63.41%71 92.09% (% 3), e
A HU B MMS 1) YEPD %37 5L p i A= UG Rk
PH-1 FI B MG PR Y K R AN, T Fgbud32

AR RAIB O G5 B/R, 78 HU hd 500 F 4
UG BRI E RN S AT AR KPR 4 R
16.7%#11 18.1%, {H/ZTEMI[EZF T Fgbud32 &
AR AR AR R A S ik 53.1% (K 7TA, TB).

RASKRI AL T & FAE HU F1 MM S A 24
M 63.4%743 5 3] 27.0%7F1 33.5% (&l 7C). %
AL EEEE, HU A MMS i Fh DNA #5145 368
X Fgbud32 245 1A 1Y 5 57 A K R 9EL 1 Kk 1)

1E MMS AT, BPATY BRI AN AL T 0 4 T 349 552 2 % A4 780 00 B R 1 ok
AR FEAA 252, T Fgbud32 872 A4 i, FgBud32 MTRES 5 T RA4kJI T 1) DNA
KAM A8 1% 20% (8 7A, 7B). A4k, A0 gigs.
% B
PH-1 BM-18 BC-2 S 70y
e : o 60} m +HU
Is so L +MMS
‘ g w0}
| CM ﬁ: 30 1
S 20} L
i o
S " TUPHT BMa8 | BC2
| omeHu — 100 YEPD YEPD+HU  YEPD+MMS
5 100,
CMiMMS £ I I’_L’
iy
2 X &
ke < %“ & ] %“ ¥

& 7 Fgbud32 R DNA AT RS A ¥ERI(PH-1), Fgbud32 2754 (BM-18)Fl1 H b
FIRR(BC-2)1E CM 553 3L LA K 43 HIS I 5 mmol/L HU #1 0.3% MMS (1) CM R 555 FIRETEA, 25 TR
3% 3d; B: AHFEERAEZBIASI 5 mmol/L HU F1 0.3% MMS [ CM 15553 | 25 “CH59% 3 d Ja AR KA
5 C: ¥orEfFHE T YEPD ?&Wﬁ%%ﬂiéﬁwm 1 mmol/L HU % 0.1% MMS ) YEPD 1, 25°C
B3¢ 6h, 7E DIC WA TSI L%, 20T 3WAEYFEL

Fig. 7 Sensitivity of the Fgbud32 mutant of Fusarium graminearum to DNA damage stresses. A: The colony
morphology of PH-1, BM-18 and BC-2 grown on regular CM or CM supplemented with 5 mmol/L HU and
0.3% MMS at 25 °C for 3 days; B: The growth inhibition rates of the same set of strains on CM supplemented
with 5 mmol/L HU and 0.3% MMS at 25 °C for 3 days; C: Conidia of the indicated strains were incubated in
liquid YEPD or YEPD with 1 mmol/L HU and 0.1% MMS at 25 °C for 6 h and examined for conidia
germination rates under DIC microscopy. All experiment were performed at least three biological repeats.
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2.8 FgBud32 7E4HREIZFN4HRE R B E AL
TG FgBud32 RUSEANIEE N, AHFFT
P E Y Native FgBUD32-GFP #iA (& A &
Ja B ) A B A BU TR AR PH-1 b SRTT, otk
HIJEAE A AT & 12 h B9 22 b H e
NI GFP 20 E S, HENHATRESN A A2
(Bl 8A, 8B). HIMFATXHIE 1 &A% )5 5h
T RP27 98t # /A RP27-FgBUD32-GFP, J{-#
A A BB A B AR PH-1 P, E L7,

F DAPI Merge
Native-
FegBud32-GFP
RP27-
FgBud32-GFP
Native- RP27-
FgBud32-GFP FgBud32-GFP

GFP
ol
8 FgBud32-GFP fl& & B 89 I 4A i E i
A3k Native-FgBUD32-GFP il RP27-FgBUD32-
GFP (1) PH-1 [ AR 8 i 3 A= 961 FH DAPI L4,
Frid 1t DIC FIH L 8 s M £ FgBud32-GFP il &
EEMWAMEN; B: FH DAPI XL Ak R 77
12 h e 22t JFH DIC Mt i

HATMEE. F3R=10 pm

Fig. 8 Subcellular localization of the FgBud32-GFP
fuson protein. Fresh conidia of the PH-1
transformants expressing Native-FgBUD32-GFP and
RP27-FgBUD32-GFP constructs were stained with
DAPI and examined by DIC and epifluorescence
microscopy for the subcellular localization of
FgBud32-GFP fusion protein; B: The 12 hpi hyphae
of the same set of transformants were stained with
DAPI and examined by DIC and epifluorescence
microscopy. Bar=10 pm.

1494 EYIER

FgBud32-GFP (147455 1 4H i 5T Fh 24t g %
¥ oA, BB #EER(E 8A). #Fiik 12 h
M2z, FgBud32-GFP [1{%¢ 615 5 18 41 it 5
AN AZ PR35 7, (HIRAE—EB o i 22+,
20 B S5 AR A SR S R O B 25
T 5 — 843 T 22 v A A% v 1 9 5 5 o
S T AR BT R PO 1E 5 (K] 8B). LA 4
R, FgBud32 7 4 it i A4 i Az th A
L, AEJEAE— 7 B 9 sl 2% 1 T 2 DA 20 )5 o) 24
iRz N R A
3 Wik

AR 278 T R Bud32 1
FLE RO ORSY, W s HAE J i v B RSP0 )
At TERHDRE R IT IR, AR PRSI i A 7 R e
FEARAT iR T T EE T A P %) FgBud32 2 113
fitg Y DI RETT R T W15 (Wang et al. 2011), {H
Rk Z TRA R G o

AW R Fgbud32 ZASMALEE Fed: K5
TR 7™ R R B, AR, 7 TR 2 B AR 7
ek BUD32 [ il 5 PR ) ke 2k 2 3 ™ 2
Y 4= K k[ (Facchin et al. 2003; Lee et al. 2016).,
FEFY LA BUD32 [RIURSLR PIPA st 3k
AHIZIE D AT BR B o SRR L 2 a1 T
75 1) 4= K (Kempf et al. 2013)., (1] BUD32 [ i
LR PR B AR KO T, AT BRI TR F Y
ifg. FEAMRH, PRPK AT LA o i B Ak Jo i 310
il 25 11 p53 I 4% 41 i (1) 3% 58 (Abe et al. 2001), 24
AL IR LB ps3 1 A IFEIN , I 78 1
rh Bud32 i i) HAR R R T A A1,
B4 2k KEOPS & G S o 75 BRIz i
Brfr, HAth KEOPS & G4 HE iy fift 2k 35 25 )™ 5
SR A 9 4= K (Downey et al. 2006), #4h, 7E
RAHITH P FgBUD32 J:[H [y Btk 18 2 T 5
P 22 12 M AN o S, 7EAS S A b PIPA 2
PR] A 10 28Rt 2 5 350 PR 22 HH B il 7 B 4 (K empf
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et al. 2013), [H1fj Bud32 [FEE S5 T EHEM
MR AR . AL, ZEFRIPEEEE R bud32
GRARRSS T AL ZF B BN GR , 3XE DR Sk A4t P A
PEZE 1 Bud9 1140 i 12 137 57 #1) KEOPS & A& 1A
HIR$E (Kato et al. 2011).

AHFFELE R B, FgBUD32 LA HZ 5
RAHIT R oy AL F 1 A FIE S E#R, 25
TAHMEREERD TR el
i, PipA TEREZ . A ERFAER A AT R4
MRz S A s b G oA, (HHS PtkA (Cdk9
[Fi) 5 2 1) P B A B R A A 4 A A A R A 7
T (Leeet al. 2016), KE/RHS 5T 4T H
FE SRS . A, FgBud32-GFP 1
TR 22 R 53 A 96 1 20 B A 5 A R B rh e Y
fr, SHEMEEL. fFEEZEY T Cdko A~Z
S AR RS, MR E A B Rk RNA RE
fitf 11 RWEIERY CTD S5 b Sl ia 4% — R 41 BE R i 5
S (Marshall et al. 1996) . % F R4 ] 1 S5 5L
e Bud32 [V AN FOCREEH T
A HAT ARARL I SO L A, FRATTHE I — 5 1T g
T ARARL ) 23 F- WL IR 4 53 A 46 AT B o FE TIPS
FERE BT B BR B Bud32 EA W25 TH
PEA Bl T (Lee et al. 2016), H AR T-HLiHI
AN 2

TERASHEIIH H Fgbud32 A8 1A 1500 11
FEARIE, AR BBk A BUD32 JE A (1) it
P S O 17T N (Lee et al. 2016),
B BRI AR AT I T AR K B
BBG . J8h, TEAEYI IR AR YA R T,
Ji B2 327 A A T P AR T BR RN 52 B T,
JE DR HRR TS BT A B AN R 1 S K 3 (Gao
et al. 2021), 7EBREEREH Bud32 /7 T Grx4
PIBERRAL, T Gred AEPTIE M A8 Jr 1 HAT &
ZAE FH (Pujol-Carrion & de la Torre-Ruiz 2010)
Kt , Fgbud32 28 A5 {4 X 17 14 4 3 R0k iy 34
i, AT e AN R AE /N B AT R 2 S L 4Urp i

R E RN, {H FgBud32 fnfa a4 is ey
Joip 38 B LA ROZ AR L R RS Grrd B K, AT
Wt . EAL, %] DON B R ER
2 Bl 71 TR AR G 1 G B B J7 I F- (Proctor et al.
1995; Jansen et al. 2005), AKX DNA #ifjits 5
A I T S5 I LA R e R rh R R
SAE ] (Narukawa-Nara et al. 2015), FA1#Em
Fgbud32 575 {4 h DON % -4 i AE J1 09 T &
FLXT DNA 545 1By 36 1) ettt tha T 2 L 380
R Y 2

Bud32 7E 45 5L K e sf i A S I RE
BHBEA KT KEOPS &4 Ll K AT
KEOPSE A& M Fi A [m] 43 Ll (Daniel et al.
2008). TEARZHRIIEH, FgBud32 XfA& . 43
AHFIER . BEAE . DON RS, Y
132 Y ARG P 4 07 225 46 1) R 4 5 A T L O
R 5% S 4 Th g, LA MO 8 8 2 B AR T
KEOPS & &1k, 2t —HmM#RsE. Ioh,
KEOPS & G AARM i 1< FE4ERE L) B tRNA
(A MG AR AE T AR B T 0 DL —
5 Fgbud32 RAFKRAGEI R, LT
— A i WA o AN 9% 25 SR A B R A AR P D
PR Bud32 & A M F e R — e 2%

BUft: At @b RMARE K FHAD RS FRIMIRIT A
FRBEARALNRT, AAAHAMERRAFELE LA T
Wk
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