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Ale ME(EEA (SR EIZER) » TPSHHCho | BE R E(LEAE - A
£ Chen(2010)1Di Bartolomeo®(2017) 2 75 4@ 84" 1V - PA:
phosphatidic acid ; CDP-DAG: cytidine diphosphate diacylglycerol ;
PS: phosphatidylserine : PE: phosphatidylethanolamine ; PC:
phosphatidylcholine 5 Lyso-PE: lyso-phosphatidylethanolamine ; Etn:
ethanolamine ; Cho: choline ; Etn-P: phosphoethanolamine ; Cho-P:
phosphocholine ; CDP-Etn: cytidyldiphosphate-ethanolamine ; CDP-
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Fig. 1. Biosynthesis pathway of phospholipid in fungi. Yeasts can synthesize
phospholipid from Kennedy pathway and de novo pathway. PE
formation can be catalyzed through four enzymes including Psdl,
Psd2, Eptl and Alel (green blocks), while PS can be catalyzed
by Chol. PA: phosphatidic acid; CDP-DAG: cytidine diphosphate
diacylglycerol; PS: phosphatidylserine; PE: phosphatidylethanolamine;
PC: phosphatidylcholine; Lyso-PE: lyso-phosphatidylethanolamine:
Etn: ethanolamine; Cho: choline; Etn-P: phosphoethanolamine; Cho-P:
phosphocholine; CDP-Etn: cytidyldiphosphate-ethanolamine; CDP-
Cho: cytidyldiphosphatecholine. This figure modified from Chen et
al. (2010) and Di Bartolomeo et al. 2017)7*"

BRI EERF

5T T R SR A 0 o A R /N 2 R O
graminearum PH-1(LL T BifiFe) Bl i Z AR F. oxysporum
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TABLE 1. Fusarium strains used in this study.

Strains Genotype Parent Reference
Fusarium graminearum PH-1 Wild type Wheat isolate
GS8 psd2A::hph  PH-1 This study
GS10 psd2A::hph  PH-1 This study
Fusari f. sp.

Haar oXySporin L. 5p Wild type Tomato isolate "
Iycopersici 4287
LHS4 psd2A::hph 4287 This study
LHS6 psd2A::hph 4287 This study

% DATUHE I8 R (miracloth, Calbiochem®, USA)#SIE » SR 123,500
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WeRZE o R PARE R E &R Saccharomyces Genome Database
(SGD)Z PSD2f7%! (YGR170W, SGD ID: S000003402) LL ¥ Wi B
BRI - BT A S AR A B
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A Ikanamycin{H AR f550 ug/mL 0 SINEREL SR IF
WEEE T ZE. coli DHS o » AEFEIR PR MBI - 1A37°C
PA150 rpm ~ RIS P ESZECEIRE % > LIMini Plus Plasmid DNA
Extraction System (Viogene®, Taiwan)Hli HUZ B » £%1%2A25 uL
ddH,0[E% « IR = 2 5[ FHICT66 ~ JICTOTHEITH G HER
ﬂﬁ(po ymerase chain reaction, PCR) = PCR5Z Jl 7 /i 4 A8 15 5520

HrpHtemplate 1 uL ~ 10X buffer 2 uL ~ 10X dNTP 2 uL ~
0.25 uMZ forward Eidreverse primer#50.5 uL ~ ddH,0 13.9 uL £
Ex Taq polymerase 0.1 uL > %48 2 PCRIJEFRAC H & FH - &
JEMRAEATN + 95SC R IES /7 881% » LLISC R E30F) ~ 48°C [
JE4STD ~ 72°C KL HE3 53170 Byl cycleftfEBRIIZN3S cyclet® »
DIT2C R IET oy 8% > feig R 12°C IR - FPCREMISIE S
EIAE Y] T 144,607 bplig 2 1%&7 » LLGel/PCR DNA Isolation
System (Viogene®, Taiwan)&i{bZ FEEY) » AHFE IR 4L S
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R - B R Shygromycintil BE E84 B > i 68 M LN
(hygromycinphosphotransferase, hph) ~ promoter PgpdA ~ eGFPJE
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DARB B R 08 - DAdH,OM %% » B ERFIERPDB - Kol IE
Wi B BE&E T » DUE TR E 4 EHRAS B 858 2R
% BEY-20°C TH2 M 2 B Gk - AT RE ST E Ok R - HL
2 mLEECE IITAS00 uL extraction buffer (200 mM Tris 500 mL,
250 mM NaCl 125 mL, 25 mM EDTA 25 mL, 0.5% SDS, ddH,0O
225 mL) > BEE REIARRE R - BIIAREREEL]:1Z phenol
Hichloroform#£500 uLI2ZEZ&E10F) - 1% LA13,000 rpmEfE (1557
$# o i LEREEHNY1.S mLEECVE > HI1AS00 ul chloroform
BB 15088 - FF EOBES 2RV LS mLEE LB 1% 11 AS500
uL isopropanol » ¥EFEHE YT E) > 2 1% 013,000 rpmifE 05457 6
Ebr LB o DURYILAT0% LB/ 5% » BA14,000 rpmf0a257 5
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TABLE 2. Primers used in this study

Primer  Use Sequence (5' to 3")
JC766  hph gene cassette GAGCTCGGTACCCGGGGATCT
IC767 hph gene cassette AAGAAGGATTACCTCTAAACA
JC992  5'NCR of FgPSD2 TCGTCTCGTCTCGCCTATAA
s 5 NCR of FgPSD2 AGATCCCCGGGTACCGAGCTCG
CAGAAAAGGCCTTGGCTA
JC99% 3 NCR of FgPSD2 TGTTTAGAGGTAATCCTTCTTA
GATGCCGACCCAGCAAA
JC995 3'NCR of FgPSD2 TCGTGAGTCCTTTAAACTCAG
JC932  5'NCR of FolPSD2 TACGCTCGACCATCAACAAA
10933 SRR o 0 AGATCCCCGGGTACCGAGCTCA
AGAAAGGGCCTTGGCTT
10934 3'NCR of FolPSD2 TGTTTAGAGGTAATCCTTCTTG
ATGCATGAGAAACGAAACGA
JC935 3'NCR of FolPSD2 CCACGTCCGCATGAGAAAA
JC996  Part of FgPSD2 CAAAAAGAATCGCAGCAACAG
JC1261  Part of FgPSD2 TTTGGACGGAAGTGAGAGGG
JC1227  5'integration of Apsd2 of Fg  AATCGGCACGGGAAGATACG
JC1228  5'integration of Apsd2 of Fg ~ GAGTCTCAGCCTGGAAAGCAA
3" integration of Apsd2 of Fg
JC1072 and Fol AGGACACACATTCATCGTAGG
JC1260  3'integration of Apsd2 of Fg ATTGTACCTTCGGTTTGCCC
JC1014  Part of FolPSD2 TGACCTCAACCCTGTTTATAA
JC1015  Part of FolPSD2 TGGAGGAGGTTCTTCATCTCG
JC1070  5'integration of Apsd2 of Fol TGCGAGACACAAGACGAGAT
JC1071  5'integration of Apsd2 of Fol AGATTCGAAAGCGCCTTCA
JC1073  3'integration of Apsd2 of Fol TCGCTAAACTTCCTCTTCCA

% » BBERZBEEAETN05°C ~ 407788 » BRI L2570 2 -
FAAL00 L ddH,0EEZ < A2 uL RNase A » {E37CHE
4077 $E 1 FRNase AR JESE 1% - KEDNALUE il 77 e e st
(NanoDrop ND-1000 Spectrophotometer, Thermo Fisher Scientific,
USA)ZE & » ilfi JddH2038 %2 % 20-30 ng/mL » B4 CIRAT -

[F4E E §E (protoplast) i

2 EHouZE A (2002) Z0H59% » HETT [ 42 HE B A B o8 S8 B
PRETE o BEBMIEEIK 2 Feifi4hiE - fEPDARS B3R Y
FolF 448 B 2100 mL CMCHE&E £ (carbomethylcellulose 16 g,
NH,NO; 1 g, KH,PO, 1 g, MgSO, « 7TH,0 0.5 g, yeast extract 1 g,
dH,0 1L) > 7A25°C ~ 150 rpm ~ BHGFHEREEESKE - DS
TR - RFREIRAEES0 mLEE LM E BA3,500 rpm ~ 4 CHEL 1057
i > EbR FEREMAJH,OLLERE BB Ly DAL T /K2
Ko Rt DAUMBRETH R TR0 R B2 10° conidia/mL -
| mLAF R A 100 mL YEPD (yeast extract 3 g, peptone 10
g, glucose 20 g, dH,0 1L)[425°C ~ REFHHEFEER » LAWEM
AERFEZETE > LI5S0 mL dH,O/F % —Ri% > FFLA30 mL 1.2M KCl
ORI o BHEEIT » B 20 mL protoplast solution (driselase
0.5 g ~ lysing enzyme 0.1 g > *30°C ~ 90 rpmE &304 8 1% L10.45
um{EFLIEEIE) » 7A30°C ~ 90 rpm ~ FEEE BRI R4 NG RE
/NP ZL AR EE S IR0 > FE KR oy B SR Ly R 7 AR B B IR
BRI > DR - RER eI B AR
#2LA1.2 M KCUHF NERYS0 mLE 0 » PA3,500 rpm ~ 4°C #0010
Sy B EFEREFEINAL2 M KCL DUAHEE S —K -
RBG IR A GRS B STC solution (sorbitol 1.2 M, pH 8 Tris-HCl
10 mM, CaCl, 50 mM) » PAMBRET8 35 E & (E AR E F10'%E
10° protoplasts/mL » A f0A 5 48EERE7% > DMSO » H{1.5 mLEELs
B AR RS o 2 Ry 200 Ul PRAFIR-80TC -

Fusion PCR

REBEPEHZ 5 [F7IR R = SR A R R 1 —
AFR « Lhfusion PCRAYJT A AFE M A hygromycindi SEEL N BLEF
AERRORF_EFiEE N H B 2 hph gene cassette » G PSD2EEN'E
#aBshph gene cassettef% Spsd2228 ik - Fe 71 > {#HIC992H1
JC9935 [T ¥ LAFg = AL N Ba 4H Ry 1R > 1t PSD2 2 5'ifinon-
coding region (NCR) » 52 LLIC994F1ICO955 [ -3 LAKH[E] )74 1
WEHPSD27 3'1iNCR » SZHERREAITS © 95°C R IES7r #8812 - DL
95°C FZHE30FD ~ 48°C FZE30F) ~ T2°C [ HEASED F1 cycle L {EER
PIEA3S cyclefg » DAT2°C I ET 47 #% > He iR 2 12°C RO/ - B2
ZEfTTusion PCR > BAJC992 ~ JC9955[F#F - LL5' NCR ~ hph
cassette ~ 3' NCREAGFE B LG £y 1:3: 1 2B A TR AR - LA
{4 H#ETTPCR * 95°C MBS/ §#1% > DAOSTC R FE30FD ~ 58°C I
30Fb ~ 72°C KBGO Bl cycledRAEERIIZA3S cyclef® » LAT2C &
JET5y 8 - B R REEE12°CRE - PCREYIACE IR 1R476,425
bplz < R VIR &AL -
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INR RIS B L 25 S B 2 psd 228 SRR SR, o (A)DL
fusion PCRAY /5 225 A hygromycinfi S KR BLEY 4 #k PSD2
ORF _F FEER F B hph gene cassette » HFPSD2EER B Fyhph
gene cassettef& fFpsd228 8k » #23 DIPCRAY 7 A MERT 22 B B R
EEERRT) - B 5FXXFEE - L RFeEH 25T B
FRFolZ 51T MR EERWEES A 51F < (B)PAPSD2
ORFHESE e Wi 1L psd2 7€ S RRGS8BEGS 10 » 0 H 8P A4: #RPH-17F
512 bpl B A R M 2€ SRR A 5 (C)LAS'EL (D)3’ recombination
siteffEsRFe 2 B 17psd22E 81k » 0] R B B 70 2 1,990 bp
1,499 bpE AT © (B)LAPSD2 ORFHEREFOLY psd2ZS 85 HRLHS 4
LHS6 » 7] FLEFA=#£42874£867 bplik EL A R T 2E Bk HILE © (F)
LLS'EiL (G)3' recombination sitelifEzRFol 2 psd2 2851k » o HL i ik
E8 3B 1,460 bp ~ 1,413 bp LA A -

Transformation and confirmation of Apsd2 mutants from F.
graminearum PH-1 and F. oxysporum f. sp. lycopersici 4287.
(A) PSD2 gene was replaced with hph gene cassette containing
hygromycin resistance gene that was generated by fusion PCR in
order to to obtain two independent Apsd2 mutants. Apsd2 mutants
were confirmed by PCR. As for different color of word on primers,
red words represent primers for Fg, blue words represent primers for
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Fol, black words represent primers for both Fg and Fol. (B) There was
a 512 bp band from wild type representing PSD2 ORF of Fg while
neither of two independent Apsd2 mutants GS8 and GS10 had this
band. Apsd2 mutants of Fg were also confirmed by (C) 5' and (D)
3" recombination sites according to a band of 1,990 bp and 1,499 bp
respectively. (E) There was a 867 bp band from wild type representing
PSD2 ORF of Fol while neither of two Apsd2 mutants LHS4 and
LHS6 had this band. Apsd2 mutants of Fg were also confirmed by (F)
5"and (G) 3' recombination sites according to a band of 1,460 bp and
a band of 1,413 bp respectively.

Fol 51 » fEFIICO32F1JC9335| T % DI Fol & AL R AE 4H K
T > WEIE H PSD2 2 5'H@NCR » 53 BLIC934F11C9355 ] ¥ DL
FHIE J A iE PSD2 23" U#NCR » K JEM% B Fe 2 NCREZ
FE: - 235 Tfusion PCR » BAIC932 ~ JC9355(F-%f » LIS
NCR - hph cassette ~ 3' NCREgAEEELH Ky 1:3: 1 R854 - DU
Hl {47 TPCR * 95°C KBS 53 #81% > DL95SC SZIE30F) ~ 48°C 2
JE30FD ~ 72°C RZIESSY Byl cycle LAFERNIZA3S cyclefg » BAT2°C
FOET 5388 > Eeta PR 12°CHE - PCREYKEREBEL
6,616 bpli 2 FAF VB 4IE -

L:LPEG%*H??&;E%T’E%@H
B A=K B—K BERAEEER K 8

A14-18 uLZfusion PCRF%fizﬁ%;w@  FREIK 12053 8 -
AL mL PTC (PEG 8000, 20 g, STC 50 mL){ﬁ%%/tb’T A
FENE R0 8 - BEERELS mLEELE » IAS mL TB3/RAR
EEEL (veast extract 3 g, casamino acid 3 g, sucrose 200 g, adjust
dH,0 to 1LYEA] > H225C ~ 150 rpm ~ RGP 12-16/N0F »
SN EH0.7% agarose TB3f [E AR5 AL 1% 77265 C Jit
FERE - WEFEAF150 ng/mL hygromycin B2 TB3[ERERE &
F(TB3 7.5 mL, 0.7% agarose/IM) = 58 K - i 4HHEEEWAE >

EERBRITFREL3,500 rpm ~ 4 CHEEL057 8% - KbR LERIE
AL mL STC > SES#%AIALS mL 2 TB3F[EAEREE - §E
53 By =y o7 BISEAE & 150 ug/mL hygromycin BZTBB.Eb
B b R2STCHSRESEIRR - S5=K 0 #1275 mL ~
250 ug/mL hygromycin B2 TB3f:[& fEf7E AL » E¥j‘éiﬁ§4§
5K PEE-EERFEN 250 ug/mL hygromycin BZVS
FEE (VS juice 200 mL, CaCO; 2 g, dH,O 1 L) » BF&ETEI0K
% LACTABHHHUETHENDNA » J77EU0N © B R & DU o
& A800 uL DEB (nuclei lysis buffer: DNA isolation buffer: 5%
sarkosyl=1:1:0.4 5 nuclei lysis buffer : pH=7.5221 M Tris 100 mL ~
pH=8270.5 M EDTA 50 mL ~ CTAB 10 g > il AdH,0%500 mL ;
DNA isolation buffer * sorbitol 31.89 g ~ Tris base/THAM 6.05 g ~
EDTA 0.84 g > {fipH=7.5F 1 AdH,0Z£500 mL ; 5% sarkosyl :
N-laurylsarkosine 12.5 g > JIIAdH,0ZE250 mL){#%&ZE % * 165 C/K
BUNEE » BS54 8 DLFHE 4] » JIAT50 uL chloroform: isoamyl
alcohol (24:)&LAF#4 » DA11,500 rpmif0a 15578 > FAIA
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750 uL isopropanol: 7.5 M ammonium acetate (4:1) > PLFHEL) &
DL = A 00 1097 88 > B BR FIEIRBIMALO0 nLZ270% 2
B > T DL = B 0543 88 > BIR65C ~ 40578 ZL B 52
3 > LL20-50 uL 2 ddH 0N » A 4CIRTE - FRIERE -

LIPCR7; R F3psd2 58 1k

KeBaprE H 2 51502k = 5l B R B R 0 E —
AFR o 47 AIl#H ¥ PSD2 7 open reading frame (ORF) ~ 5'E23'li
recombination site#E{THERL - Fe A > fliHUEF A MRELZe 8 ik 2
DNAT&EAIC996 ~ JC1261 By 5|+ Hf81 #H 5 77 ORFHEI TG » 2
JERREANTS © 95C [ IES 73 §#1% - LA9SC RHE3OFD ~ 49°C S JE
300 ~ 72°C K IE3OFD Bs1 cycle FRAGERINZA35 cyclefg » LAT2°C
KIET57 88 - sefalRoR 2 12 CHRR - THEAEY AR/ NRS512 bp ¢
Soh  HELZEEPRDNA T 53 | LAIC1227841C1228 ~ JC107284
JC1260 555 T4 » ¥5'813' recombination site E{THENE - $1¥%15'
SIERRAEANT @ 95 CRFES /3 #81% > LAOSTC L5788 ~ 59°C
FZIE30FD ~ 72°C [ JE25 88 By 1 cycle EAEER IIZA3S cyclef » BL
T2C K IET 3% » B R 212 C RO - $HE3 S IERI S [ 75k
EORERSOCHURSTC » HeptHE « MEFEIEY AR/ N5
1,990 bp#21,499 bp °

FolJjial » il U A= R B ZE 8Pk “ DNA{R LAIC1014 »
JCL015 K5 [T+ B H 7 ORFAETTIG NG - FRIEMRAFAT ¢ 95T
[ IES 5y #81% > LLOSC K IE30FD ~ 46°C SKZIE30F) ~ 72°C KL [E40
bRyl cycle B EERNNEA3S cyclef® » DAT2°C K IET 8% - B izl
MZE12CHRE » THIHEYI R /N K867 bp © 5546 » fliEUZE bk
DNAT% 57 R LAIC1070841C1071 ~ JC1072821C1073 A5 | F3%f »
5'BA3" recombination site#E{TIEHE « SEMRIFAIT © 95C K IES
SrEET% > LA9SC 30D ~ 48°C IE30FD ~ 72°C R IE1 53680 By
1 cycleIEERINIZA3S cyclef® » PAT2C KIET /788 > &2
12°CHRDM - B THIHR BER/ N3 B 1,460 bp8iE1,413 bp © 1248
s P B 2 Fe i 18 1 psd 228 ik 43 B LA SR GS8BEGS 105R
7R T Fol i & 17 psd2Z€ Rk HI| ALHS4BAL HS6 %71~ » P E bk
R -

PSD2ERAINEEME

WHRE B 22 AN Al 3 AT

53 A HUFgBlFol 2 2B 448 i A 100 mL ChandEZSprinivasan
(1979) Fir bt & FH 7> #eh XU SR #61 TT S 8 2 858 A (KH,PO, 0.3 g,
NH.NO; 3 g, MgSO, « TH,0 0.2 g, glucose 50 g, malt extract 2g,
dH,0 1L)? > Z##225C ~ 150 rpm ~ BEFFEEESK » H4b
DA I A L mM ethanolamine & {F fy IF ¥ HE4H - 228
(2012)Ffr & 4w E Folch (1957)Z #MEUMRE 7774 » B o] (R (K
i M FE W B DR » B 5 o R RS R DA A i R A R 1% R
B EBSREUT - DUEFARIERZ - TEHL0.4 ¢ B A2 mLEEOLE »
B Achloroform:methanol (2:1) 800 uL > A WA 55 6l 2R 1% i

M EH R S EEEZ ST - BB - HEEREY
B ABFEEE > 1A2.6 mL methanol » B 10FM &K L EF
H1057$% > BEENIAS.2 mL chloroform » B 10F & A K £
EFE2057 8 > FFA01.6 mL220.9% NaCl » L2500 rpm ~ 4CAEZR
HEL 107788 - KT ARG R EHIEEEE - BEsR i
A4 mL chloroform:methanol:dH20 (86:14:1) » BB EEEE ST
8 > FFLL2,500 rpm ~ 4CHEELS 8 - EGE E AR EY)
G E—E » BROE RO RERTEeRKE - Kl
DA RSB ACIRIT - ZREARERESSEEYELA
MG-2200 CGRFEHEY B G H - BA) B ENEE 2 A5 HE -
HEMER-20C RG> oW ATHER TR ZFEE L1100 ul
chloroform:methanol (2:1)[EE"* o FFABIFE S » K [E Ekk L
FHIFIRZ B8 7 B4R 25 HUAE B 1% DUHE G Ja tr et B o0 T HE B 4E K - HR
REEHN R 2 B i i S B - TR i B e R U [E 4
B RER)  BERPSD2EENE S E & B4 PP E
It R R BRI (5 - A R B Bk HUC A5 S B DU [E RS iR
TR R T S S A el -

{6 FH 3% 8 J #7172 (thin layer chromatography, TLC){EMI4MAE
FPSKPEEREEENHEAEE & & > Blipsd228 SR BE 4
BRIEE A2 [EI R B s B Y R m (R DA & 2 22 51« S
ST R ETTRIER | REHE&SE0SADERIEE &%
VB By I FEFCAREALLEL » DLTOC BRBES 43 4% » P (3 A chloroform:
methanol (1:1) 5 EHHIRTA BRI P ErT R > #ELIT0C R
57788 » RIEHE TR - fEE TR L AlR R SHE E
2 uLEES > LG9S % DA ~ R J50.375 o/mL 2 PS ~ PEER
PC{E Ry 184H > {# Hchloroform: ethanol: ddH,O: trimethylamine
(30:35:7:35) BB A R TR R o fEEE TR LI
B SE 28818 - B AERIA N 50% 28 2 10% 06 i 750K > 7
RFECE Y 150°C N304 880 -

LI Kennedy pathwayfX&de novo pathway & FEPEZ BE
AE

Ethanolamine (Etn)/& & ki E R 2 — » DIEmAEYE
4 EEPEZ fR#H R ¥ Kennedy pathway » B1Psd 817 PEAE & k6
f&de novo pathway R[5 o A8 LURIIELAIRIIEZ MMES &
F(salt mix lacking MgSO, 50 mL, MgSO, solution 5 mL, glucose 10
g, trace element stock solution 200 ul, dH,O 1L, agar 15 g; [salt mix
lacking MgSO,: NaNO, 120 g, KCI 10.4 g, KH,PO, 16.3 g, K,HPO,
20.9 g, dH,0 1L; MgSO, solution: MgSO, * 7H,0 10.4 g , dH,0 100
ml; trace element stock solution: citric acid 5 g, ZnSO, * 6H,0 5 g,
Fe(NH,),(SO,), « 6H,0 1g, CuSO, * 5H,0 250 mg, MnSO, 50 mg,
boric acid 50 mg, Na,MoO, * 2H,0 50 mg, dH,0 100 m1]) *"*"53 51
B Fg ~ FolZ B Atk Eidpsd228 itk » BIE A RIET - B8
BRIAMMEFE A FiA S RIMADRIIEM & IKIE AR » AZeE ik
F5Etn auxotrophic ; ©



A REXAIGH R ERRELLER

Fol/APDA -~ FgitBMEFES K 2 1% » DUBIIEA TR 2R HUE T 1=
GHEISA mmESIE 0 2 BAPDA - MMELBM L3 E SRR &
FREPEALS C g AT R B ES - [ERE IR
g2 > SERETT3EE - IS EBARZ BR BTSN
fE > L Dunnett's multiple comparisons testi & 883 » BEE K
SEEEE0.05 0 4t HES BsPrism 7.0 software

PSD2ERB N ERFREZEE

KRB AATIRE - PR RIREE BT IPRE 215
o A T-RE 51 0 HU107 conidia/mLf§ %K 10 uLE R
Yo AR ERRER SRR AR - FECIR R _EREREL 07T DA
Image JEESHIE /87 E % > D Dunnett's multiple comparisons
testig EHEEME > 4TETEREE By Prism 7.0 [ 22 U5 E > 10
conidia/mL{HF 7 R400 uLE Y1 mLBECE > BL14000 rpm
25y g HE L iR B BR EIFIRAANIG00 uL dH,0 » BAE T =K%
Wi > FHO800 uL ~ 3.5 mg/mL~ calcofluor white (Fluorescent
Brightener 28, Sigma, USA)AYHI LIS FRAR AL (1 » A RELAT
B4y - DUERE D7 HKZEMR 2 > si& 1 A200 nL2 2% Tween
200 RE % - FEDAESCBATNSR S - BB IR R U-FYW
filter (Olympus, excitation filter 545-585 nm, barrier filter > 600

nm) °

PSD2ERE N F R FRFRZEE

FolAPDAJA25C BG5S K - MIALBFFEE K » DAAH
AEEI A EIRRE 44 1% - DAVOE R B8 S N - BEE DL
3,500 rpm ~ 1053 #8E L > KR EEREFEIIAH,0 » MUK
Y27 o FeRIBABMEY25°C ~ 12 hr/12 hootlEEETIREE 14K 1% o
DIAEE 5= BT « T ROR R MERET 28 E 2 - 3 mL
PDBHIAJ TR (i A F510° conidia/mL » 2A25°C ~
150 rpm ~ BEF 2 ELE > Fol 5 10/ - PRI 17/
FH&HZE » BEREGOBR T RS E > SEHE =6HE
P Dunnett's multiple comparisons testii EREEME » BEE KRB
0.05 > &uate#kis FyPrism 7.0 ©

PSD2E R FolBIRAF 2 F &

e 52 - KEKKILA Professional Subtract (Foreport
Enterprises Co., Finland)}*65C iU ERFR * HL120 gl A700 mL
dH,0 ~ 0.2 g CaCO4 & = BB o #:3 DU B 4017 1B RE 52
TEEEUR 0 B16% glucose sy B E %R A HZ0.5% glucose e
R A-ZEHOR > 5785572250 mLEER/NE - &Ff10 mL > 43 AIAAS00
uL ~ 10° conidia/mL 2 Fol ¥ 4= #k B psd228 2 pk 7 TR
JA25°C ~ 150 rpm#EERERTR > HEITIEE - B EIR LW
[ERGETER IS » RSN - /NUF1% DGR B RERE
72 .
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FEAMNEERIE AR

AEERLUES ~ carboxymethyleellulose (CMC) ~ Tween 20 »
HHEE ~ BT - K ONERAR RS - IS Ze Sk 2 oty oy e I
Z(amylase) ~ A4E IR R (cellulase) ~ HE'E 7> i 2R (lipase)
PRI B 0 o B 2 (proteinase) ~ $HHEREO ZET Y
fiE P 2% B35 B 5 /% 5% 2 (phosphatidase) S 6TE f yMNE 2= 5 M -
B B R (soluble starch 0.4 g, nutrient broth 2.6 g, agar 3 g,
dH,0 200 mL, pH=6) ~ CMCE#& E(yeast extract 0.2 g, (NH,),SO,
0.4 g, KH,PO, 0.8 g, Na,HPO, « 7TH,0 2.27 g, CaCl, 0.2 g, trace
element stock solution 40 uL, CMC 1 g, agar 3 g, dH,0 200 mL) ~
H5'& %% K (peptone 2 g ~ NaCl 1 g ~ CaCl, 0.015 g ~ agar 3 g~
dH,0 200 mL > JE & IIATween 20 i &RE f1%) ~ HHBES
EH (nutrient broth 2.6 g, gelatin 0.8 g, agar 3 g, dH,0 200 mL) *
s A B B L (B RS U9855.6 gfilcasein acid hydrolysate 2 gi&
#2100 mL dH,O » BilpH 6 yeast extract 0.5 g, glucose 0.2 g, agar
3 g, dH,0 100 mL7y B E 2R &) Pl e B A (il e K&
UNBEHE A7 100 mL dH,0 » R4 CREEMRK - HH 5 RI8pH 5.7
~ZKH,PO, 2.54 ¢ ~ K,HPO, 0.23 g ~ MgSO, » 7H,0 0.08 gEidH,0
100 mLop BB &R &) FIUE B R4 mm 2 1EJ7JPGE Osmonics
membranes (Lenntech, Netherlands) » F5 53 Bl _EFe8iFol 7 B 44
BEAN25C B R - I AEMREDE B E65 mm (Fgk
3-5K ~ Foli%#&4-6 KX)1& > ##GE Osmonics membranesHU T >
DU %177 I 22 P il Fol 3 S FEEL S 1Y 43 AR IS T - Sl st EL I
FEMZ B ER  ER RS EIIA20 mL 1%8UK % - B
RE PR O AT R 2 EHEE ; [ECMCEFEE R
A20 mL 4% congo red{REFEL 0PV 1% ElHe LI F A B 1577 8%
KEERRAHER - BERECEREE - EHBEEE LA
20 mL ammonium sulfateBF1/KAN > BIZRBEIEE RS Bl
REE B iE B AL Er Ot ORI  BEREOSEE L2
B o AR REN Y B EERUEEES
FEMESFTER 2 BZEM - SEHEE = 8% > 2Dunnett's
multiple comparisons testfi E#EE M » BHE /K FEE0.05 0 45t
HRBS ByPrism 7.0

HEMEZE 2SR

Fo M » B/ NG R E5E(Triticum aestivum L.) | 28
TEMETTHERE - Eui BN DU % 7K1 o 1% DURE /KR
1R HE 2R AL TCTKFELEE  BEERNER L
KEKKILA Professional SubtractBfRAHE(BIE®)LHI L1 12
RO E - BEEEEREIT - HROUSFESRN 2 72085
&R o (EREEHEHEESH 2R 010 uL ~ 2 x 107 conidia/
mLAI TR % » 25 CEEIRE4S/NEF - FHEFREZE
U S R AR AR R SR T o AR R (i F SE /K 2 B AR A
& o Fol JiH » At 272301 (Solanum lycopersicum cv.
Known-you 301) ; BFE e L BAREREEEG Fy1 © 123k
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i

5 FHERE RS B R TR ARG ~ AR B R BT ERTE AR 2R
BHE2ASY - FHEAR SRS 10° conidia/mLAE 747K 304§
BRI A 398 b > 5A25°C ~ 12 W12 hZ Yemss e R Es i
t&Et EE AR (disease severity) » &3 BT HE & TR
o DRAR— » Di—4 F—E1E > 3L =51 - D Dunnett's
multiple comparisons testfi & B4 - BE /K3 550.05 > 4
FHERES FsPrism 7.0 < BRI E AR ¢ T (FRIRHEBRED/
(4x2) x 100% - HA FERHEEEL 77 0-440 © O={ERHERE ¢ 1=/
NEREE - AR SEAE RIS — R HEEA W 2=iEERE

B3R HEARE  3=%WEE » E5H - Hl - BERE
o A=TAVREREZE > TRRTRIEYY « FeBaFol 2 % [E MR
P DL BAEAH, O F fy B B IE4H -

m R

psd2Z2ERMERT IR AL I)

51 BIEHETORF ~ 5'8i13 I recombination site LPCR 7 2HETT
WS > AT LAREE AR S Dlhph cassetteff FgBE Fol ¥ 4= #k
PSD2EEREMR - FeJiHl » W AP EAK/NS12 bp Z 5>
ORFEIK AT » MWipsd228 B k9B —B) » HWipsd22e8
73 AIAEL,990 bpEL1,499 bp ELA RS - RS B3 Tirecombination
site¥ (i A THHAN BE(E —C ~ D) - Fol /7Tl » B AR EA K/1N867
bp Z#7yORFEIK IR » M Mipsd22¢ kg (E —E) - H/
psd22E85 R BITE 1,460 bp8il1,413 bp AL A 6T » FenS' 813 I
recombination site$5 iz A THIAL BE(B —F ~ G) -

PSD2E R ERFEEEFgliFol 2 PEAE B 8 R >

P57 i A7 3 B s 5 T 5 HHAE B = ethanolamine (Etn)#Y 1%
SR > FgBilFol psd2Ze8 k> PEA R 5/ » HFol 2 psd22e
SRR VIR B JRIIETR » FolZ psd2Z8 815  PEAE R
BRI B4k  TiFe psd228 8tk > PEAE B B RIS /5 BHEE
W18 » BIRIIEMRAT{% 2 PEAE Bk 2 AH A =) -

JhJEethanolamine A] {Epsd2 SR REMMMEERLE R
ZBE

TEMMEZEEL » FoBiFol 7 psd22e ke Pk & - HAE
FEABESNZ] mmZE%  MAEMAEE » FelFolZ psd22¢
BRI EMMESE A EWAEA & - HfFol psd2Z8 8 bk 2 £ R A
FIATPRAGHT DL EF AR RE - TP psd22S Stk Al H BE TR 1R B8 70 A=
AEJJ(EPY) -

PSD2ERFERERIEEREE L 2EREE
FglFol 2 psd22€ 8 ik 2 fE R MR BLEF AL MRAALE - B HAPDA
Bk ERE > MHAMMER &AL EEEIE - AT BMI & Ak

L

1AL

e

] l
‘Ilue- 'l ‘.. s 0

& & e PE PS PC

PE— ‘
PE PS PC

A\ X cbo * o
ob \g\% \g{a \}3%\}{:'

OmMEm 1mM Etn OmMEtn 1 mM Etn

Fg Fol

[ = ~ PSD2ELPRIf I BB NER R U7 B B 2 i 22 E 7 T 2 PEAR il &K
/b o (8 AT G B AT A HIAHRE R PE - PSEAPCEE R [EIFEHN TS
Ba® MRS _ A LR = ethanolamine (Etn)AYENL
T~ > FelilFol psd2Z€5 4 Z PEAE R & B i/ » HFolZ psd228%
2D S o RN mM Etnf% > Fol psd2288 k2 PEAE &
WARZT A BF 44k » TiFe psd22€88 k2 PEA: ik & AT A A B TR
18 > BIARIEmRA{{& 2 PEAERCEFALL -

Fig. 3. Deletion of PSD2 gene leads to the decrease of PE in Fg and
Fol. After detecting phospholipid composition by thin layer
chromatography to determine content of PE, PS and PC, Apsd2
mutants of Fg and Fol showed fewer PE than wild type in the absence
of ethanolamine (Etn). Deletion of PSD2 gene of Fol affected more
strikingly on PE production than Fg. PE production of Apsd2 mutants
of Fol but not Fg recovered in the presence of Etn.

ERTEPIE TLA ~ B) « DUSIRERSE B4R 2 5% B AL 2 Dunnett's
multiple comparisons testEf T4 =% 7 B M= SOHIES > Fer
B AR B psd2 2885/ (GS8 ~ GS10)APDAZ B B3 5l By
46.012.6 mm ~ 24.3£0.3 mmEi24.0%1.5 mm ; MM EEZ E
SEERSY A E78.221.8 mm ~ 13.0£0.0 mmE210.220.3 mm 5 F*BM
B AL WP AR R R Wi psd 2 28 BE IR R 8 B B 585.020.0 mm([El
T1i) » FolZ B A MR BT psd22€ S 1R(LHS4 ~ LHS6)APDAZ B4
H &5 R R40.720.8 mm ~ 35.7£0.6 mmEi136.551.3 mm ; FAMMES
B EYE LS B F44.740.8 mm ~ 5.040.0 mmE2S5.8+0.3 mm
§ABMZ B By Bl £554.840.3 mm ~ 51.720.6 mmEL52.242.0
mm &% F B IR, > FeBilFol 2 28 8 M BLET A4F HAE MM BPDA
LT EEAR NG BABEE AR - PE/INA0.01 - fEBMAE - Fg
2 psd2ZEEIRATEPDA bR R EE - FIEP R R ik
FHEL E A S TEBMES T b A BLET 4 iR 7 AR R

ETE I RE AL © FolZpsd22E SR LT 2L PRIEPDABABM £ 22
EE IR B AR U(E 70) -

PSD2ERKFBEEZEFgEFolz NERTFRE

T RE B P W18 7 TR 22 57 AR fi0 - - TBRJ9TH > Fa psd2
ZEgERE > KAy LRI BAFol psd222 8tk 2 /Ny 10T 0 1ETF
fs - EART AR MR DL B 2 2 - Py psd228 8k 2 Koy R 1D
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LHS6

[P0 ~ Ethanolamine AT {8 /N SR MR 1 B3 i 22 P Bl psd2 28 88 bk B B BRI - TR e E 598 S (minimal medium, MM)_E » FgBiFol 2 psd228%
MRIRFRZAER  HEEEERAR] mmZEY% » MTEMAL mM Etnf% - FelilFolpsd2288 R i fTEMM _EWR{EE & » HHtFol 2 psd2Z8 8 ik
ARAESATRIEAT B A1k > TiFe > psd228 SRR R AEWRIE I 4y £ RAETT -

Fig. 4. Apsd2 mutants of Fg and Fol are ethanolamine (Etn) auxotroph. Apsd2 mutants of Fg and Fol almost could not grow on minimal medium (MM) but they

(G}

60

Diameter (mm)
8 &

could recover the growth ability after the addition of 1 mM Etn suppliment in MM and Apsd2 mutants of Fol recover more than Apsd2 mutants of Fg.

Fg ®) Fol

- S PP FEREE |

©

- PRREE - R

P
[

1 2 3 4 H 0 1 2 3
Days Days

Fg Fol

4287 LHS4

BT ~ psd2 € FERRINA Rl g A B2 B REERARE - FFefiFolz &

B4 mmESAIEE FAPDA ~ MMEIBM M3 fEFE RERS B AL - AR
HEFEEAR  EFEIRAREE  DUSBFEIRZEEERL
Dunnett's multiple comparisons test# {7 AF 8% 7 BH M 72 BOH|
o BEE KR E0.05 © (A) FelitPDA ~ MM AL b Zess kil
TP RAHEL A R ERR H B AR EZ R ABMITER HAEER
ik H Ze SRR AT A AR IR 22 B o (B) FolfEPDAZAMMES &R
| Ze SR BT AR MRAR L AR IR R H B BE AR » [EBMEE
BHAMIEEER o (C) FoXpsd22e SR IEPDARS K %44
B RAESE  ERVEHT ERHILEBREERE » FBMIEE®
I b2 R BRI R AR B R A4 MR AR ML » Fol.Z psd2Z8 ik

Fig. 5.

1EPDABIBMEF B AL [ 2 BE TP A8 B BT A MRAE{EL - PDA: potato
dextrose agar ; MM: minimal medium : BM: barley bran medium ©
The Apsd2 mutants differ in growth rate on different media. To
investigate the growth rate, 4 mm mycelial plugs were put on
PDA, MM or BM media. Diameter of colony was measured for 4
days, pictures were taken on the 3rd day. Significanct difference of
growth rate between Apsd2 mutants and wild type was tested by
diameter measurement of 4-day-old colonies with Dunnett's multiple
comparisons test and significance level was set to 0.05. (A) Growth
rate of Apsd2 mutants of Fg on both PDA and MM was significantly
lower than wild type, while on BM was similar to wild type. (B)
Growth rate of Apsd2 mutants of Fol on both PDA and MM was
significantly lower than wild type, while on BM was similar to wild
type. (C) Colony of Apsd2 mutants of Fg on PDA had condense
hyphae, showed different morphology to the wild type, whereas
colony morphology of mutants on BM was similar to wild type.
PDA: potato dextrose agar; MM: minimal medium; BM: barley bran
medium.

TREMATEGET DB AT 2 A IR RN

FH 2 {E

BT AR AR R AL - EREAR(ENA) - RETT

[H > Felf Bk T R R R/ Ny A1 F561.02 umEi40.71
um ° Wipsd2ZEEERRAIST 7 F52.18 um ~ 35.08 umBA 247.61 pm ~

28.07

um ° Wpsd22€FEIk Z KRB Z 0 AL T IR B E T

b R2ESE > BAMRM T S4ESEREE RS - 5
Hb o RFERIE 2 o A2 70T RE B P BE G R PRI b 4 /)N (BB 7R B) < 28
i » Fol psd25€8PR 2 /Ny A 71 J BT 20 MR R 2 (]

7NA)
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4287

LHS6

[ /N ~ PSD2ELRE N FRER B LB AT R 6 2 5 AT RS
2 o (A)ELL0" conidia/mLI FRFKI0 uLERH A EDOEERH
s SRR AR > IR R REEEL07E T MImage THERESHI S
fIFEE% > D Dunnett's multiple comparisons testh & #H3 ©
B)flF I REEA[R R ER 22 - i LA3.5 mg/mL 2~ calcofluor white
(CFW)Zstt, » 7] FLFg 7 psd2 58 SR BilF 0l 2 psd2 58 881K 2 73 A 78
T REELEr A R E S 2 > Fe Sy 48T A RSN 2 Mkl
TBETE < LEFIR ¢ 10 um -

Fig. 6. The effects of PSD2 gene on length of conidia of F. graminearum
PH-1 and F. oxysporum f. sp. lycopersici 4287. (A) Length of
conidia. 10 uL of 10" conidia/mL suspension were put on glass slides
and then observed by microscope. Average length of 10 conidia were
measured with Image J, then statistically compared by Dunnett's
multiple comparisons test. (B) Morphology and septa of Apsd2
mutants were similar to those of wild type based on calcofluor white
(CFW) staining, but Apsd2 mutants of Fg had extremely short conidia.
Scale bar = 10 um.
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Fig. 7. PSD2 gene affects germination rate of conidia of F. oxysporum f.

sp. lycopersici 4287. For calculating germination rate, conidia of Fg
and Fol strains were cultured for 17 h and 10 h respectively in PDB
at 25°C, 150 rpm, and 50 conidia were sampled randomly from each
of three independent experiments. Significance was calculated by

Dunnett's multiple comparisons test.  “**"  represents P < 0.01.
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Fig. 8. PSD2 gene affects the formation of chlamydospores in F. oxysporum
f. sp. lycopersici 4287. After 7 days culture in peat extract at 25C,
150 rpm in dark. (A) Chlamydospores of Fol wild type form singly
or in pair, and either grown terminal or intercalary on hyphae (red
arrows). However, chlamydospores of two independent Apsd2
mutants (B) LHS4 and (C) LHS6 grew abundantly and formed as
long chain. Because that most hyphal cells turn into chlamydospores,
boundary between chlamydospores were indistinct, and even some of
chlamydospores were fused together, thus quantitative statistics for
chlamydospores was not suitable. Scale bar = 100 um.
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Extracellular enzyme

PSD 2 [R5 B /N8 7% B B ok B P 93 A 22 2 990k = DA
JEl ~ carboxymethylcellulose ~ Tween 20 ~ B ~ BR&EH ~ KH
ONTERE Ry BB SR RE R AL - MEkpsd2 ZREERE 2 Bl oy R 2
(amylase) ~ ARy AR EE 2 (cellulase) ~ HEE R Z (lipase) ~ 1%
HHRE 2 25 1 43 R 1% 3 (proteinase) ~ SR E O 2 2B S i EE R 1
B Fis 53 fi#tli% 2 (phosphatidase) S OFBAE A MR ZEME 87 AL ARES
EE#EE65 mm (Fehi#3-5K - FoliE4-6:K) 1% R 2 E 1 E
BEEE ER . FEIERRE - (UREMESRTEA ZHFE
J&EME o BADunnett's multiple comparisons testhg i BE M » 45 5R8H
TR(A) Fg psd2 ZE8ik 2 Bty BIHEE oy i B 22 S M BL BT A= R AR R
BIEPRS > HarT 2GR A R IL 2 2 > 1 (B) Folz
psd2ZE ik 2 OFE i 2275 1 BT AR MR AR L B B 22 | - [+ %
TRP{E/INR0.05 » [ ) FIRPIE/NR0.01 -

PSD2 gene affects the secretion of amylase and lipase in F.
graminearum PH-1. Starch, carboxymethylcellulose, Tween 20,
gelatin, casein and soy lecithin were used as substrates to test
extracellular enzyme activity of amylase, cellulase, lipase, proteinase
for gelatin, proteinase for casein and phosphatidase respectively.
After colony diameter was longer than 65 mm (Fg was cultured for
3-5 days, Fol for 4-6 days), ratio of diameter of active zone to colony
was measured to represent enzyme activity. Results showed that (A)
amylase and lipase activity of Fg Apsd2 mutants was lower than that
of the wild type, while other enzymes' activities were similar to those
of wild type. (B) Activities of all enzymes of Fol Apsd2 mutants were
similar to those of wild type. P values were calculated by Dunnett's
multiple comparisons test, “* and = ¥¥
P < 0.01, respectively.

represent P < 0.05 and
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Fig. 10. PSD2 gene does not affect virulence of F. graminearum PH-1.
After inoculation of Fg on wheat ‘Taichung SEL.2" for 5 days,
(A) wheat inoculated with dH,O exhibited no symptom; (B) wheats
inoculated with wild type, (C) GS8, or (D) GS10 (two independent
Apsd2 mutants) were all adhered by hyphae but no difference
between wild-type or mutant infected groups. The infection areas
were pointed out by yellow lines.
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Fig. 11. PSD2 gene does not affect virulence of F. oxysporum f. sp.
‘Farmer
301" by root-dipping method, disease severity was calculated after
3 weeks. (A) Disease severity of mock inoculated with wrong form,
dH,0 is 0.0£0.0%; (B) disease severity of tomato inoculated with
wild type is 83.3%14.4%; disease severity of two independent Apsd2
mutants (C) LHS4 and (D) LHS6 is 70.8%26.0% and 70.8%19.1%,
respectively. There is no significant difference between wild type
and mutant infected group based on Dunnett's multiple comparisons

lycopersici 4287. After inoculation of Fol on tomato

test.
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Many members of the genus Fusarium can infect plants.
Fusarium graminearum (Fg) species complex such as F.
graminearum that can cause Fusarium head blight. Fg conidia
can serve as secondary inoculum, spread by wing and infect plant
parts above ground (e.g. head of wheat) repeatedly. Ascospores or
conidia produced from sexual or asexual reproduction in Fg can
both serve as inoculum. Fusarium oxysporum f. sp. lycopersici
(Fol) used to cause damage up to one-third of tomato fields in
1982 in Kaohsiung, Taiwan. Many tomato cultivars bred in Taiwan
emphasize the trait of resistance to Fusarium wilt. Currently, there
are few recommended fungicides for controlling Fusarium infections
in Taiwan. Phospholipids are main material of biological membranes,
including phosphatidylethanolamine (PE), phosphatidylserine (PS),
phosphatidylcholine (PC) and others. Compare to other kinds of
phospholipids, PE can increase the nonbilayer-forming ability of
membrane easily. This ability plays an important role in fusion
and fission of membrane, and movement of embedded protein in
membrane. Phosphatidylserine decarboxylase (Psd) including Psd2
takes part in PE formation of fungi. In this study, two independent
A psd2 mutants each from F. graminearum PH-1 or F. oxysporum
f. sp. lycopersici 4287 were constructed. The function of PSD2 on
PE production, growth, production of conidia or chlamydospores,
and virulence in the plant hosts were carefully examined. Comparing
the strains grown in the absence or presence of ethanolamine (Etn)
in minimal medium (MM), A psd2 mutants from either Fg or Fol
exhibited Etn auxotrophy. A psd2 mutants of both Fg and Fol grew
slower on MM and PDA media, while similar on barley bran media
compared with their respective wild types. Meanwhile, PSD2 gene
affected conidiation of Fg in addition to regulating the germination
rate of conidia and formation of chlamydospores of Fol. Although
PSD?2 gene affected secretion of extracellular enzymes of Fg but not

Fol, it is dispensable to virulence on wheat or tomato.

Keywords: Fusarium, Fusarium head blight, Fusarium wilt of

tomato, PSD2, phospholipid





