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Abstract: Fusarium head blight and Fusarium crown rot caused by Fusarium graminearum occurs se-
verely in China, posing a threat to national food security. The NuA4 histone acetyltransferase com-
plex regulates various developmental processes in fungi, but the functions of multiple subunits within
the NuA4 complex in plant pathogenic fungi are currently unclear. To elucidate the function of Eaf7
subunit in plant pathogenic fungi, this study used F. graminearum as a model organism. Through
knocking out the FgEAF7 gene, it was found that the growth rate of the Fgeaf7 mutant was signifi-
cantly lower than that of the wild-type strain. However, the deletion of FgEAF7 gene did not affect
conidiation, pathogenicity to wheat, and DON biosynthesis. Additionally, we found that the Fgeaf7
mutant showed decreased sensitivity to Congo red and SDS, indicating that the deletion of FgEAF7
gene affects cell wall development. Analysis of the FgEaf7 domain revealed a conserved Eaf7 domain

within FgEaf7. Upon deletion of the Eaf7 domain, the FgEAF7 “¥ mutant exhibited similar defects
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to the Fgeaf7 mutant, suggesting that the Eaf7 domain is essential for the full function of FgEaf7.

Transcriptomic analysis showed that over 1 800 genes were differentially expressed in the Fgeaf7 mu-

tant, compared to the wild type, with several genes important for growth and development being

downregulated. These findings indicate that FgEaf7 regulates various processes, such as vegetative

growth and cell wall development in F. graminearum.

Keywords: Fusarium head blight; F. graminearum ; NuA4 complex; Gene expression
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1.1 RBFEINEEBEFEAF7 REEHIFEHEE
TE B2 B 35 (R 40 B0 45 B Saccharomyces ge-
nome database (SGD) (https://www. yeastgen-
ome. org/) A M I F 2 Eafl7 CYNL136W) 1Y%
¥ F %, 5 EnsemblFungi (fungi. ensembl.
org/index. htmD) H1 K % #it JJ 7 W ¥k PH-1 9 %
PR 20 5548 i 64T blastp o X 4387 3R 15 AR 43 #ik TJ
WEIEAF7 JEH s N R BRI HEAF7 ZE Y 2
BEMR PP 4 L 78 SGD 4 & vh #E 4T blastp XS 55
iE, FgEaf7 & A 45 ) {78 Pfam (www. pfam.
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P B AR 43 B 8 5 ] 8 R M ) R A 8k D
B A R T R PH-1 2 HLge AR 4R ol i B
¥RAE PDA (potato dextrose agar) 5535 % F 25 C
BRI 3 d Ja, WL I v 8 & JF &R I A
1250 fE CMC (carboxymethyl cellulose) ¥ 44 3%
Federfr 25 °CL175 r » min ' RGREFR S dJEL. M
Ko MTrRIEEI G H e msY
1.3 EFEFgEAF7 R H Eaf7 &MLk RT Ik
B #

7E EnsemblFungi #4i & o~ 2% 3 R FgEAF7
(FGSG_09792) 9 DNA ¥ 51, F| F {1 Premier
5.0 3 BRI FgEAF7 ReiZ 52K 45 4 B, Eaf7
IR T (8 1), @ 3T split marker B 7 0%
M FgEAF7 1) 55 DR B 25 1R F1 Eaf7 25 48 380 i
PRk, LUEFA BB AR PH-1 B9 DNA R, 5
S 51 ¥ FgEAF7-1F /FgEAF7-2R Ml FgEAF7-

3F/FgEAF7-4R (£ 1) i 3¢ PCR (polymerase
chain reaction) § Y& LR FgFEAF7 14 A1 T iF[H
TR 2 A BEFgEAF7A FIFgEAF7B, F| & & PCR
2 9 5l ¥ FgEAF7-1F/HYG-R #1 HYG-F/
FgEAF7-AR ¥4 F BAFgEAF7 A FIFgEAF7 B 5 3t
hph Chygromycin phosphotransferase) ¥ 17 %
%, 91 i PEG /v 3 09 i A BUiR Ak ¥ i 2 05
0 A B CBF AR R PH-1 0 5 A B, &
WHEH 300 pg » mL™" 1Y & R B i i 5% 1k
T I #EFT PCR B 3E™S . LLEF A= B bk PH-1
) DNA b #54, 43 % 51 ¥ FgEAF7 ED-1F/
AEaf7-R, AEaf7-F/FgEAF7 ED-2R #l FgEAF7
ED-3F/FgEAF7 ED-4R (5 1) i i+ PCR §" 3% 3
K FgEAF7 Eaf7 454 3 i 2% (%) b i F1 T 3 W]
B4 Bt FgEAF7 ED Al,FgEAF7 ED A2 Hi
FgEAF7 ED B, I I ik 7 & #5 # FgEAF7 1y
Eaf7 4544 3 Bk 2 28 748 44, I XoF 45 4 dal ok 2% 35 4
HEAT I P 3 E

®1 FEHRPERBISY

Table 1 Primers used in this study
CIR/EZ S FHIG"—3")
Primer name Sequences (5'—3")
FgEAF7-1F GTCTTGTGTTCGGGTGGATTCTC
FgEAF7-2R TTGACCTCCACTAGCTCCAGCCAAGCCGGAACAGTATTTGTTGTCTTCTGAG
FgEAF7-3F GAATAGAGTAGATGCCGACCGCGGGTTGAGAGCGGAACACAAGTGTCCAA
FgEAF7-4R AAGAAGAGCCACCAAGTAACGAC
FgEAF7-5F GCTTCGATCCAGATTTATACC
FgEAF7-6R ATGAACCGTCACTTTCCTCCT
FgEAF7-TF TGTCTTCCTGTTGGTGTGC
FgEAF7-8R ATTTCCACTCCTTAGCGGTCT
HYG-F GGCTTGGCTGGAGCTAGTGGAGGTCAA
HY-R GTATTGACCGATTCCTTGCGGTCCGAA
HYG-R AACCCGCGGTCGGCATCTACTCTATTC
YG-F GATGTAGGAGGGCGTGGATATGTCCT
H855-R GCTGATCTGACCAGTTGC
HS856-F GTCGATGCGACGCAATCGT
H850 TTCCTCCCTTTATTTCAGATTCAA
H852 ATGTTGGCGACCTCGTATTGG
FgEAF7 ED-1F GTCTTGTGTTCGGGTGGATTCTC
AEaf7-R GCGCTCCATCATCGCGTCGAATACCTGGTCGTCCGTCCAAAGGT
AEaf7-F ACCTTTGGACGGACGACCAGGTATTCGACGCGATGATGGAGCGC

FgEAF7 ED-2R
FgEAF7 ED-3F
FgEAF7 ED-4R
FgEAF7 ED-5F
FgEAF7 ED-6R
FgEAF7 ED-TF
FgEAF7 ED-8R
FgEAF7 N-F
FgEAF7 G-R

TTGACCTCCACTAGCTCCAGCCAAGCCCAATACGAATAACGCACATGTTTCCC
GAATAGAGTAGATGCCGACCGCGGGTTAATATATATCCAAGCCTCCTGGTGAG
TTCGTCTATTCCTAGCGAGAACTG
GAAGAGAGCGGAACACAAGT
GAATGGGAGCAGGAATAAAG
TGTCTTCCTGTTGGTGTGC
GGACTATTCAACCTCCATAC
AGGGAACAAAAGCTGGGTACCAACACAGCAGCAGGGTCTTCTTG
GCCCTTGCTCACCATAAGCTTACGTCTCCTTTTTGGTCGCGCCT
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1.4 Fgeaf7 REFEIEKRIHAE

DL A RU TR Bk PH-1 9 DNA SH B, 519
FgEAF7 N-F/FgEAF7 G-R i 3 PCR 4 4 41 &
SR T XIS FgEAF7 42 K R R B i BR i 14
WG Kpn 1 F1 Hind 111§ 2K pKNT-GFP
CHAR T AL & — A 20N 7 B 2 Dok 2 R
B RPOPEREN , F T A E 5 AR IR B AR AR L
— 20 v B iR & (R o 1A ME R 2R W) LB A TR
I FED K B V)G B AK M FgEAF7 2K IR R B
PEAT R AT 1.3 rh il 10 Dt A= Jo A4 5 Ak O 12
V3% B2 I 1 B 5 A Fgeaf7 58 78 1 1) JRL A ot 1
o M R 300 g+ mL ! B IBAE B K T
AT 0 BAT L & R PO LT E 1T PCR
B UE , 19 3 B AN MRFgeal7/FgEAF7
1.5 EHBURMENZE

AT ZZ 22 G R A RE B 5 00 T ok 04 A1 422
T 28 /)N 22 20y V0 2R L, THERR S 28 7 R A )
Z W ZE LT R RN LRI IR FE R & 22
P A8 B T DU TR BR A3 A= A6 R U Y vk O
Z1X10° A « mL ] B AR IR U R 1 I o
k10 pL Al F BRI A 2 A R 1 B2 3 A
ANEE R FE RN R WK B4R 48 h, TR R 46
14 K8 Ay /)N 22 BB K 3 1 D D40 BRES 5 s i ik
SRR S/ NERER T DON SRR e 1
FET 71 SR 4 T K i Rl AR B4 958 A &0y AT . 465 18 0 7
PR TR DR R 2 OR AT A5 2 by, A6 35 35 L h
PRIBRE IR, TR R 5 7 KR A 5K 0% % 1 i
JEH R,
1.6 4B AaE 5150 38 7 B9 8 = M E

FERIR LT  NaCl, SDS(+ - he B iR 4l L £
PR TR L SRR TR R R G e BN A 50 °C 2 A
() PDA 55 752 56 v, (i H 200K BE 43 0 0 300 pg
mL '.1.2 pmol « L™',0.02%.0.25 pg * mL ',
0.08 pg» mL™',0.25 pg» mL™" #1 0.2 pg -
mL G BE A A O R T . K TR PH-
1 k% 3 d FE BV I S AT I AR 5 mm 18 1F
GyAERN PR R IR PR e, AL 3 AT
. T 25 CHiFRM T REEE IR 3 4 REXT IR TR
TP G, DL 58 SOTE T R R v AR, I
WIS T AT SDS ARUL 20 A BE iR, NaCl B2 4015 i
AN SIEN
1.7 #HFHANFHH

F B A AU AR PH-1 fI R 2R K Fgeaf7 B4
il F 2 Fh =& YEPD (yeast extract peptone dex-
trose) MG FR LT ,25 °C.175 r » min ! ¥R IS
F2.24 h JEWCHETA 22, W T 22 3R T 9 K 4y o 1 B

NN LI %= S S Al N RN S A
AR A F A Ulumina HiSeq 2500 #F 17 %% 5% 41
¥ (2X150 bp) s BASEHRE R PR, F A
salmon #4 RNA-seq 48 % 51 ¥f 4= B # bk PH-
12 RHNA F2Y, [ edgeRun 943 7 & 28
M2 RFRXFHEET, |log, FC(Hold change) | X T
1.FDR (false discovery rate)/NT 0. 05 B B E R
FIRFEH , FIFHE A Blast2GO X 22 55 FK A FE A
AT GO TRE s A . ARFSUAE T HY RNA-
seq B & € 1% 78 NCBI Chttps://www. ncbi.
nlm. nih. gov/) #J SRA (sequence read archive) %\
P e % S5 o PRINATL19246,

2 HEXR G2

2.1 RBBINEHDEEFEAF7 ETE

3 A R4 BT, R R AR i D T S E S OB
R WE A A NuAd 3L Eaf7 19 4 1 36 B N
FGSG_09792, ¥ % H K 1y 4 NWFgEAF7, FgEaf7
by 294 D EILRR L 7y F i 33 kDa, H H 2 Ak
M2 Fy 50 1E Plam $C48 FE b 847 45 09 B0, & 2R
FgEal7 & A — AR5 Eaf7 2538 (K 1A) .

KB FeEaf7 19 77 51 48 57 M itk 4k 1 50
1£ EnsemblFungi W 3 43 51 T AR & 2 9 J)
(F. pseudograminearum ). ¥ & 3% B ( M.
oryzae) JELE (Sclerotinia sclerotiorum) | JK B
SR (Botrytis cinerea) ./N22 K% B (Blumer-
ia graminis)  KILIK B (Colletotrichum orbicu-
lare) FLBEKFEE ( Neurospora crassa) F KON 2
B (Verticillium dahliae) %Y F i) FegEal7 &
H o HeXF 20 B & B, Eaf7 2544 3k B A 1R i 4 <1 v
(K 1B).,
2.2 Fgeal7 REGFHEFRERKNFTRERBENE

R W R 4y ik J1 R h B R FgEAF7 (1) D) BE
FATH A split-marker B9 J7 3w bR 3 RN FgEAF7
(B 2A) 4 X551 W%t e A7 2 AT 1 25 2 btk i 7%
£ DNA #£47 PCR £l , Fe & 44 B FgEAF7 J
PR kR 52 AR K (] 2B)

V5 BT A BRI 9% A8 IR TR bR 4 Fl 2 PDA B 97 5
L EESE 3 d JE, SR A RUAE L, 5 AR IR Y A K
AL (B 3A R B) . K AR A TE CMC W
RS R B R ISR AR AR 1Y 7 A i 5 A A
MR EEE S (H 30, Mot fFrKE
HEAT I S, % I 578 A 43 A A 1 1 R/ 5 B A A
AH A T I 3 1 25 5 (18] 3D) . WFSTAs SRR, 5L
FgEAFT7 W ARk T WS F2 A K AR5
el 61 - & B L R
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FpEaf7 : - PAR: Dy AR O TGDOUDASSE IREQEPDNNY - A 75
MoEaf7 : —-=-=-=======—mmmm- 1 SVATT---AAARQEDN OUSEIROAA ST - - PRTTTAPTTHPTVDLTSH A 73
SsEaf7 R M QRAEPPRKSSYNILR-- 65
BcEaf7 : MLPFNSIFGSKDST-----—-=-| EM KREPLKPSYNILR-- 81
BgEaf7 : MIGAACAPGSSSYNNSNIKIPMIK TFQANNVPDILR-———-——— 88
CoEaf7 - 1 ARSEVSAVATP--TPARS - ADA ARDTPTATASAAKSSATEWP—N 75
NcEaf7 * ESTARATPSTATE: GTTPVPARPVAQPPKPKEDPNER 79
VdEaf] @ ——————————————————— - M ARG--STVATP- - TPARS i §E0FADTPTAPSKEPAVSDEEWP-HLA 74

NLDYAKPGEKAEVES
B8 Y VEGQDERNFED Il

DLMLQAALAFPPGD-
@ EHMM TS VRA -PSE -

FgEaf7 - : 232
FpEaf7 : 232
MoEaf7 : : 248
SsEaf7 - RAE----559 235
BeEaf7 : KAE----SS§ 251
BgEaf7 : KIE----PTSEAPET : 261
CoEaf7 : JRAAEKAEKARAEATDKDGRAAKHQSTESSSS : 267
NcEaf7 : ———NEPSDER—-——-—————— 2 SK————ARKT) Posssmms——m—ma———= g 938
VdEaf7 : ARGEAVETETSALSSPEPEKG - KAREAMED - ———————————————— : 251
FgEaf7 : ----EEEEDDDSEDEEEEEESDGSSS---NGEEE----—- SAHSSGTQVSKS AKKGC-AATTE. IRRR--- : 204
FpEaf7 : ----EEEEDDDSEDEEEEEESDGSSS---NGEEE------SAEESGTCVSKSTREARKGC -2 ARTTE. RRR--- : 294
MoEaf7 : ----EEEQENEDGEDDQDGSDDDAAENSSEAEGSAS----EEARATASTAR ARGRGG GGRGR RGRGG- : 318
SsEaf7 : ----ATVATARDGVEDDEDEDD------------- --EHDRGIDGTPTRAMMADTRESTAQSST] R-———— : 287
BeEaf7 : ----ATVTTVSDGAEDDE-—---- --EIDBGLEGTPTR! ADTRES;AQSSNRR SRR - ———— : 299
BgEaf7 : ----TIEEYDSVEAVDDD GEDNSIATSMK SKEFRND--QSIMRES RFEQT : 311
CoEaf7 : EEEDEEEAERSKEDEDDDEESSASDTAEQEFEEEFESAEESAHLSGTPVSKATIHEGARGRALGRG-R GRO--- : 342
NcEaf7 : ----DEDESESEASDEEEESGD------=---] EEEAS----DEELAEASTARTMSE TRARPAPKAKPV, PSRR-- : 208
VdEaf7 : -EPEEEEEEE:DEDGDEEEEDDGDDSGSQDGEEEETSAEASAAISEAP-SR GGRGRGEGRGGR! GRG--- : 325

LA T I T B 7 F R AR SF B9 Eal7 2540 5K.

Sequences within the red rectangle is the conserved Eaf7 domains.
1 RAERIIE FgEafl7 SHE (A RESHMERPREZEASEBF T (B) 57
Fig. 1 Analysis of the FgEaf7 domain in F. graminearum (A) and alignment of amino

acid sequences of homologous proteins in other fungi(B)

A 7F 1F 2R 5F 6R 3F 4R 8R
—_— — — G
FgEAF7
HYG/F HY/R
I
—_— —
YG/F HYG/R
7F H855/R H850 H852 HB856/F SR
g P
hph
B 1 2 3 4 CK
G UDHGUDUHGUDUHGUDHTGUD H
2000 bp
1000 bp
750 bp!
500 bp
250 bp
100 bp

A FGEAF7 2N BR KA R R 51 W 7m I ; BARIE N FeEAF7 T8 25 25 W R 55 5% M 3£ N Chopho) 43 5910 11 4% €5 0 0 €0 355 Sk AR 3T 5 i
W 28 45 s iF = R R AL . B.FgEAF7 B R BG 2848 ¥k PCR B, kil G U.D M1 H 48 SR B ¥ % FgEAF7-5F /FgEAF7-6R
FgEAF7-7TF/H855-R \H856-F/FgEAF7-8R Fl H850/H852 ¥ # /=4y,

A':Schematic image of the primers used to generate FgEAF7 gene replacement constructs. The target gene FgEAF7 and hygromycin
phosphotransferase(hph) cassette are marked with green and gray arrows, respectively. Knockout mutants were generated by three ho-
mologous recombination events. B: The FgEAF7 gene replacement mutant strains were verified by PCR with primer pairs FgEAF7-5F/
FgEAF7-6R(lane G) , FgEAF7-7F/H855-R (lane U), H856-F/FgEAF7-8R(lane D), and H850/H8&852(lane H).

B2 HEEFFAF EG R R
Fig.2 Knockout and verification of the FgEAF7 gene
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PH-1. %74 %, ETED . FgEAF7 BT S8 A5 fK 7 . Fgeaf 7 2825 1 ; CE7 . Fgeaf7/FgEAF7 H AN .
A:H Pk PH-1.E7ED.E7 #1 CE7 1 PDA F855% 3 d A K8 B: W Bk PH-1.E7ED il E7 78 PDA B2 5p 15 3% 3 d R I AT
C: 1tk PH-1.E7ED 1 E7 £ CMC ;3= 3 rp 31555 3 d i/~ ;D WAk PH-1.E7ED fl E7 7 CMC i #3855 3 d B FRIE, K

B.C.D A F B om 22 5 0 3 (P<<0.05) ., T,

PH-1: Wild type strain; ETED: FgEAF7 “F7 mutant; E7. Fgeaf7 mutant; CE7: Fgeaf7 /FgEAF7 complementary strain.

A: Three-day-old PDA cultures of PH-1, E7ED, E7 and CE7 strains; B: Colony diameters of PH-1, E7ED, and E7 strains after 3
days of culture on PDA cultures; C: Conidia numbers harvested from 3-day-old CMC cultures of PH-1, E7ED and E7 strains; D: Conidia
length harvested from 3-day-old CMC cultures of PH-1, E7ED, and E7 strains. Different letters indicate significant differences with

Duncan’s pair-wise comparison(P<C0. 05) in B, C and D. The same in figure 4.
Bl 3 Fgeaf7 MFgEAF7 """ REFHWEFERKIF~HRE
Fig.3 Situation of growth and conidiation in Fgeaf7 and FgEAF7 ~*" mutants

2.3 EREFEAF7 ERBBENEELFT LRI

Xof B A TR R JFL 5 A A TR R R A T B0 0 E
B, GEA A /N A7 4 25 0 B0 ) 5 B A
AH G TE M 22 5 (IR 4 A 1 B) 5 X/ 22 T30 Y
o ) 5 B A R e i R 22 R (L AC A D),
D2 /)N A2 B A i BOFF L DON 35 R 3 i 45 R
W, =AR KA B DON (1 BE J1 AN 77 78 Bl g (&
AE) . B B A A N H 58 A8 A TR bR 4 R 2 R OK 2
b KRR R Fgeal7 it 5 K 40 (1 B0 71 5 B A
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