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EFLEFEERS pH ESEIH Pal HXERMINESTE
ik, Bk, R2UE, kK, 2ERX, BE
SR S TR ER AR B . WA U U 52 4 Pl 5 93 0%, WL 9L 430070

WE: [ B ] M5 pH F 5@ B (Pal) fE E A HWE5CE 57 FR AR EAES RS ER. [k ] N
JE5e R A B Hr3k1S T 6 4~ Pal #5¢2£ K CmpalA, CmpalB, CmpalC, CmpalF, CmpalH
Cmpall {4 4a 75 LB 7 41, it PEG /51 s A 4% AL 5 R 3545 T CmpalA ,.CmpalB ,CmpalC,
CmpalF i CmpalH %5 5 4R 1 mBRIE AR 1A, 3B 3ok 26 mi B 28 A8 1 15 B A U AR TR VR B e Mtk . F A7 A:
AeJ) . PEFRETRAE) . PAERIEEY R IS rmES . [ 48] SEARME, 7 pH 6-8 M5+
T, 5 Pal M SEFEIN Ak 28 AR R B 22 A8 K 2 B 2 ], X BB Pal Al S LA 4 & Fe B X R pH
(ELPRBE B ARk, TRA% HE A7 AR IR & B 5 A Pal A 5 Ik IR mi Bk 28 AR MR 1) B 27 AR g 0 3 B IR TP AR AR
QRT-PCR iZG 25 R KW, bR Pal AHOCHE 2 J5 S B 7 AR AHSCHEAE A Cmehl, Cmgl Al Cmspl Ay ik
R FH AL, T H pH 15 5@ 5 FiEn0 CmpacC LAYkt i EREAK. Pal AH 2 LN Bk R AR IARAE
pH 6 254 T X B IR ER (R e ) 38 v T AR A, [ 5 AN ARRTE pH 8 45fF T =L P B Y TRk
It B E TR AR [ 4598 ] pH {5538 B A OC I I B BRI 52 i G 7o B X FREE pH IR Y . pH {5 538
A G R S A AR R E AR, AMGEWIESCE A AR, 50 G R 1 R R
A RN B B A

KEER: JEocE, BALA, pH(ESEn, EAEMM, WREMEN, IR

J& 5¢ %5 (Coniothyrium minitans) & #
(Sclerotinia sclerotiorum) it —Fh A= B ELB& . X Ff
T 14 A B DL AL 5 2 A R O R BB A
FHE4 By A= B LB R (antifungal substances,
AFS). Al , FATT/INH K I FE 550 RE P A A% 5
H AR IR EE RS B (oxalic acid) & —FR
PEAR SR A LR, B RAETEEEIRTE pH M5,

ELTH: EFAHRPIAIE4 (31272084, 31471813, 31672073)

AR TR RAEY) . EJECRH TR
Vet ferp, SRR LA TG Fem il AFSH, 5
b IR B, RERR 5 5T 5 AT R I AR 8 (oxalate
decarboxylase, OXDC)3:[H ik, I LR &
B, BRI R A RO pH TR, REUEESE
B o Ay AR A OCHE R JL T B Rl Cmehl | i SROpi iy
JEH Cmgl FMIANE FIEEIED] Cmspl)AyRIA5 T,
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MR FE e AR, AT, pH (5%
PP JE e -2 B A RGP A

F AT 22 R L T () S5 ot 25 ) R e B J 1 B
5 pH A5 00 FHLRHAT TIRAGHSE o 545 R
T EREN A pH {55 F% 6 palA, palB,
palC ., palF, pall . palH #il pacC % 7 MRS,
Hd palA, palB, palC. palF. pall il palH 41/,
TAES Mg, FsgasER + pacC NEX — pH 15
S I (Pal) A% .0, B RE BB PR PR T 3R
IBEHIFEIN I R FREE R A LT

AR EZH A6 & 5 8% pacC ] (BT CmpacC)
FIMFTR S5 R . I G R R R IR B R
A AFS HA REAE, X 5T aF A%
A A EEEERE B H AT S SRR
pH {5 Sl i, LASIZAE 5l B X oo 5 31 A AR A
FH WA R R AR AT L TR T 1) 52 i) S5 [0] A8 iy
AN . ARG TR 2 5L K ALE B b o bk
1377 6> Pal L[, 435l 4% & CmpalA, CmpalB,
CmpalC, CmpalF, CmpalH fil Cmpall, *§HiJE1T
TRBR , HA T A R S AR AR RN AL B T R Chy-1
TERESR R . EAFAERR ) . BERIEARRE 1 LS A
AFS ST ZE S . WE5E HATE T I & ¢ 8 pH
(G5 M AE G o SR N EAE S R rE .

1 ARy %
11 SRR, B R RGBS
G se BB AR B E Chy-1 R B#IdEE K
BB, A ST g s R AR DO R T bk R
Ep-1PNAS5 (fifR AB), #48 HiTM, WE5E
o SRR EY SN C SR AR v K PN
NIRRT 6 A4 Pal-pH AR IC IR
(CmpalA, CmpalB, CmpalC, CmpalF, CmpalH,
Cmpall) 142t 5 51 A EERL P51 5 R AH XS iz FY

actamicro@im.ac.cn

[ Y L R ) 6 TRy 4 i A NCBIL 0408 2 (hittp://
blast.nchi.nlm.nih.gov/Blast.cgi), 28I HE B A
HL P RIIEEE R SR T, T MEGA #Ak
SrHTIE A 6 1 Pal-like [R] I LR Y R GE AL AR

PR IR I A5 0 T A% A A M BB 8 7R
H(potato dextrose agar, PDA)., —f% PDA (2xPDA)
FIRC B (94 FC 3% 379 (modiified Czapek Dox, MCD)#,,

B NGRS B MRS R DI R E
TS, K.

dPDB #5373k: K TR 400 g. AT
40 g. InzER/KE 75 % 1000 mL.

ARl pH Z R EC 7 i . dpH 3 Z2 P
(500 mL): ¥PiERg 17.23 g, #PiER —4h 5.29 g;
dpH 4 ZZ vhik (500 mL): FriEIR 12.4 g, iR —
#712.059; dpH 5 ZZ (500 mL): FrEERR 7.35 g,
PR —4M 19.11 9; dpH 6 ZE ik (500 mL): PR
2429, PR =41 26.02 g; dpH 7 ZZihi (500 mL):
Tris-base 6.06 g, FHHERRRIH Y pH 2 7; dpH 8 &
(500 mL): Tris-base 6.06 g, FHMELRZIH 1T pH = 8.

DL E 35 3R 5L 255 121 °C &5 R K 20 min 5
i .

1.2 JRAJR PEG /-7 Pal fH3CZE K B RBR

FR A R P 4 s B, SR PEG A3 10 AR S5
IREEAEH AR, RS R R e pH {550 I 45
SEEFR A A, AT 5 DNIEE bR R AR A, 4
W4k 4% HACmpalA-33, ACmpalB-13. ACmpalC-5.
ACmpalF-50 FIACmpalH-26 .15 2% 45 315 Cmpall
R AR
13 AR pH TEZAEKKTE

LI G e s B AR BUBA BR Chy-1 Figs 5848
I, WK INEATILR 2P (EAZ 0.5 em) 73 RN T
pH A3, 4. 5, 6. 7. 8 PDA [E{AF-HI%FEIE
RS, HEREH 6 ORI TR )OI i YA
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HAE . BB 2 AT, JFEE 5 Ik,
1.4 REZRAEF= R

WS G e B A AU AR Chy-1 FI45 2878
I, WEDGATLWZI(ER 05 cm)srHiliEfh s
PDAF-A 4, 7E 20 °C TGRS % 14 d JFH 0.5 cm
FRF TFLAR LRI RO TR 228 T FRT R 4 P22, &
F 1 mLke, FIZWRS 1 min 5 BRI
T, A MRS 3 AR, A 3 k.
15 FEEEZERR

W B AR U RE Chy-1 A% 28 A8 (R b &
PDA 57745k |, 20 °C K537 30 d, AR5 FHICH/K Uk
VR RIE A AT, A B A A BRI
FH M BRTTEONR DU A B, I TSI K AR
Bl 1x10" M EFimL, K% SR R bR A5 R TE
BB MEESREE |, £ 20 °C FH55E 30d, Wtk RI#% .
PR IR , SEBOR/ N ST TR (4.5 mmx3.5 mm,
Kx5&), T 75%MIAEIHEE 30 min, SRS
KRS 3, AR 1 min, e 50 ki o )
V2 Y0 25 TR PR 3 2B 0 B T B B T K (R R e
30 min, A A B ERAZ B T KA B AR RD I
£ 20 °C T 555 30 d, SRIGHUH A%, B — KA i
LIS I o 275 238 2 S I B S A AR B 0 A
9, TR R R BT 2 4
frifse, JFEAE 3R,
1.6 HERERKEL

7£ PDA VAl b4l —)2 KA w34, Bk
TR G 7 5 B AR R RN 58 AR TR PR 3 A AT B R
(1x10" A lF/mL), WREBEEEAC . KPR E T
20 °C THi5% 3d. SRR fE) 2xPDA 5 pH 3.
pH 5 5% pH 7 (928 sl LA SF AR ST, il & AR 22
i pH (B PDA -4z Hi0E & J5 70 55 1 22 1 B
9, R E SR PDA AR L, £ 20°CF

BEEEEFE 12 h, BIBOAZZ, $RBUS RNA, SRAE
5 PCR (QRT-PCR) 5 K ) B 7 A5 AH G 3
Cmol (Y S BHEE) . Cmchl (mf LT i)
Ml Cmspl (YmtE M), LA CmpacC Kk,
Kl Cmgl Rk 1) PCR 5| ¥/ : Glu-F: 5-TCGGCA
AGCAGACAGGTGAT-3",Glu-R:5-TTCTCGGCG
TTGATGTTCCA-3', kuilll Cmchl JE[K#i5#) PCR
51442 : Chitin-F: 5-CGGCTCCTGGGATACTACTT
C-3', Chitin-R: 5-TGCGGCAACACCATTAGAG-3',
Kl Cmspl #ikf¥) PCR 514#))&: Spl-F: 5-CCT
TCTCCAACTACGGCTCCTC-3', Spl-R: 5-ACT
GGATGCGGGTGGTAAGA-3', LI 5h#E A 3
Cmactin SR, Kl H kA gRT-PCR 514
M Act7-F . 5-TCGTGACTTGACCGACTACCTC-3/,
Act8-R: 5-TTGCCAATGGTGATGACCTGA-3',
K CmpacC #iAHY PCR 514J2 : pacA-F:5-TCT
GAGTATGGACACGGAGGCA-3', pacA-R: 5-CC
AAGAACTGGTCGATGTTGAGG-3', DAk R
Bk Chy-1 7E pH 3 A &R &Ik 7 1,
HoAh S AR R LA Z AR ESEA TR, A5 45 R R AH
X ¢ ik 5 (relative expression)fH .
1.7 PEMEFERRELREIME

¥ 25 mL i) dPDB (U4 1Y) PDB)K; F# i
525 mL (B R 4M (16 mmol/L)H44T1E A T 250 mL
f = F 0 (4% & PDB-SO), [R5 #hFEAl—A>
AFE: AR FIRKEFRIEE TSI 20 mmol/L fERIR
SRIG 53 RN 100 pl JE 52 25 B AR A T bkl & R
AR PR TR AR 14 43 A 0 T2 PR (1x 207 il F+/mL), FF
F 20 °C BERIRZ B 9% 12 d (150 r/min), RAIASREFf
JE ¢ B 70 BUHL 1 M S SR BE R WD I X B R B
12.d J&7, JEFRE(WhL)ITEAR S 85 44> = A i
) 7o B W 22 PN IR, SRR A T 22 DB AT
T80 °C LA HLT J5 HEFRE(Wh2), FNERIELET

http://journals.im.ac.cn/actamicrocn
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A RERS 21454k PR AN TR 22 5 (Wh2-Wh1) . ]
pH I E RERD R RIS Y pH (B, I AR X 2B T
FANER L 9847 (0.45 pm)id 8, SR JA R R R3GRURH (4
T (HPLC) I 2 B W P R AR S T & i, JF it
PP 56 B M A TR TR R R 2% R A A KT TR ) I
O AR 2 AFATIRES, FHFEE 3K,
18 MR EZARKNE

B 1 mL JE 7255 bk Chy-1 F148- 58 78 (A 1
TR (1x10° Al F/mL). #5802 100 mL ZZ ki
MCD R 37 (pH 4 5 8). #5153 Y)7E 20 °C T
PR 5557 (150 r/min) 12 d., 40K 25 555205 g
WG . K UETRAE 10%IAF LI INE PDA 5%
Herpr, 7EXTHE PDA HisfinsgEs MCD B0, il
BFAR IR A 0 A i T T 22 35 AT
e, RJEHREFEYIE T 20 °C TR 60 h, MESR
SR A 3 T P R AR o i RS AR B R AR
XFLE, THRE S C R R SR B RO AZ A TR R 22 A g
HFER . AR ST 2 AP, HER 31K,
19 ¥dEGETHa

K SAS 8.0 # 4 i i J 22 43 BT AR )7 (ANOVA)
S3HT AR S [ AL B 2 8] ) 25 57 B 5 . R
[Fi] b P 22 ] 19 2 7 R /DN i 2 22 594 (LSD) e
#(0=0.05), 43 M7 HHE I 5T 25 7 B BE i %
Kr(Loguo) HEA T 0, A% TR A 22 A KA B 4%

* 1
Table 1.
CmpalH and Cmpall

M A S E A R T 25 S A

2 HERFAH

2.1 RGHAH T

PNEp ik Y e RN S E S ER A A 9
FHAE, WARAI)T S T 6 4 pal-like [A]
JEILA CmpalA, CmpalB, CmpalC, CmpalF,
CmpalH, Cmpall §44i i e 5 FE LR F 5, FF
HAHARAZ NCBI Bl e, 3 AR A5 AH R I 1)
PR, X 6 A4l 4 44 9 CmpalA
(GenBank %55 ;. KP747602), CmpalB (GenBank
5. KP747603). CmpalC (GenBank %% % .
KP747604) . CmpalF (GenBank &3¢S : KP747605) .,
CmpalH (GenBank #3¢%5. KP747606), Cmpall
(GenBank & 355 : KP747607) .43 %%t 6 4> Pal-like
[ B DR 1 R 80 20, A 1 ARG Iz [m] 5 TR
AN F LA SN B0 40, kb A I Y 24 BE PR
Moy T 170 (R 1) Rtk sl
WoR: 3% 6 A CmpalA. CmpalB, CmpalC.
CmpalF . CmpalH F Cmpall 5l 3% B 12 9%
(Leptosphaeria maculans) A K /N2 #5 Bt M-l 955 14
(Pyrenophora tritici-repentis) ) [l J5 3 D5 2 i 114 4
SEMORG KR EGR (B 1), EETAM Pal-like 21
, PalA I PalC i H YRS R R B (8 1),

CmpalA. CmpalB. CmpalC. CmpalF. CmpalH. Cmpall & ORF F3IF1SEEF5 5
The ORF sequences and the amino acid sequence analysis of CmpalA, CmpalB, CmpalC, CmpalF,

Feature of nucleotide sequence

Feature of amino acid sequence

Genes Number of Number of  Deduced protein Molecular Isoelectric
ORF length/bp . . .

intron exon length weight/kDa point
CmpalA 2565 2 3 821 92.0 7.04
CmpalB 3604 4 5 1111 1235 7.95
CmpalC 1581 1 2 474 51.7 6.44
CmpalF 2554 1 2 833 89.2 6.22
CmpalH 1836 2 3 570 62.6 8.86
Cmpall 1837 2 3 548 61.0 11.06

actamicro@im.ac.cn
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CmpalA. CmpalB. CmpalC. CmpalF. CmpalH #1 Cmpall B & Zeidt b7 947
Figure 1. Phylogenetic tree analysis of CmpalA, CmpalB, CmpalC, CmpalF, CmpalH and Cmpall.

CrmpalF

Cmpal 1

Cmperll

Copal

Compal”

Crgpal 4

The

phylogenetic tree was constructed by using MEGA 5.0 with homologous sequences of CmpalA, CmpalB, CmpalC,
CmpalF, CmpalH and Cmpall from various strains, with their sequence 1Ds in the parentheses; the numbers on the
horizontal lines represent evolutionary distances.

http://journals.im.ac.cn/actamicrocn
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2.2 Pal FHGE:DE M RRR
FfiTiE it PEG /i S JsAE BAREAL R 575 DL K
Southern blot (%' [CHEE ¥ DNA Fric FIAG I
B)RAECRAS T 54> Pal [l J5 5L R B R S A8 1A,
15 J&ACmpalA-33. ACmpalB-13, ACmpalC-5,
ACmpalF-50 F1ACmpalH-26 (5] 2).
2.3 Pal MREFE RN BB E 2L K KN
% 9% 25 K ACmpalA-33. ACmpalB-13,
ACmpalC-5, ACmpalF-50 F1ACmpalH-26 7£ pH 3-8
Zz o) PDA JE 7Rk ISR 6 d IFMIETE HIR/ T
WFAERURIRR (%] 3, 18] 4). 7E pH 4 1 pH 5 FIZRF T,
FRBR IR R T VA BARRENSIA ) 4.87-5.65 cm,

(&Ll o | B Y |

b | . .
s
3 Ok 1
Lin Al e |><,_\ ‘-'
ot H:n?b- -
13—
I L | || Thed
*_—-:c,h_l o
) =il . = .
. :
i (1 g - a
a—— b we:— N
i L ]
Pl LS ) i
Rewhl | Sl TRal Bal | i -
----- . kil — 17—
Frobe I

2. A&
Southern blotting confirmation of the mutants of Pal-related genes. The symbols = and » indicate the
start codon (ATG) and the stop codon (TAA) respectively. A: southern blotting confirmation of the mutant of
CmpalA gene; B: southern blotting confirmation of the mutant of CmpalB gene; C: southern blotting confirmation
of the mutant of CmpalC gene; D: southern blotting confirmation of the mutant of CmpalF gene; E: southern
blotting confirmation of the mutant of CmpalH gene.

Figure 2.

actamicro@im.ac.cn

i BF AR R RRAE pH 4 F1 pH 5 5 F Y TRVE AR
yHIE#EN T 5.99 cm A1 6.06 cm. 5EFAE AR
Chy-1 MLLHE, & mibR R R BAE TR T
5.68%-19.64%. 7£ pH 7 #l pH 8 &M T, B4
RIBH AR B 78 B4R N 2.35-3.81 cm, MM 4% r R 5E 48
KRR AR 0.89-1.93 cm, & HAR FFE T
30.64%-76.64% (/& 4). X 5 4~ Pal AL i bR
AR, ACmpalF-50 7E pH 3 &4 T, W% HAA
(2.77 cm) i /N T Hofth 4 45845 14(3.42-3.89 cm),
iMi7E pH 6-8 44 F, ACmpalF-50 f1H 7% H iz
(3.27. 193, 1.63) 1 ¥ K THAh 4 AL
(1.29-1.97., 0.89-1.50. 0.98-1.16 cm).

Pl [ Praba @ Pl Pl | il y
ol = o i
1 r - w
S ' -~ TR . L
-
TR P L LT g e Y ‘...,
p— —h_:
1 L} 1

& Pal X ERERFREE KB Southern blot 3§
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A el -3

-0

phla

U

pll §

phi b

phi 7

M n‘:m:'f]' 13

il ih.-ﬂ A Al -850 A el -2

3. BRE Pal HXxEEBRERTIRAERRE pH FHTHEEEKFES(20°C,6d)

Figure 3.

|-'h|,||-l|.

| &

Cobomy diameier'om
- S s s LA O

e e o

1=

Colonies of the Pal-related genes mutants of C. minitans on PDA with different pH (20 °C, 6 days).

0 Al 433
8 Al el (-2
B Al 26

Bl hy-|
B A mralB-13
B A w50

4. JBRE Pal HXREREMMRRERERE pH T155F 6 d HIEEER(20 °C)
Figure 4. Colony diameters of 6-day-old cultures of the Pal-related genes mutants of C. minitans on PDA buffered
under different pH (20 °C). Bars in each figure headed with the same letters are not significantly different (P>0.05)

according to least significant difference test.

IEAE pH 0 224 KD E | 45 R R
CmpalA. CmpalB, CmpalC, CmpalF #1 CmpalH
(A R S8 AR IR FE AR pH (B (3-5) 4= K Az 4 il A2
BEM TR pH (E(6-8)E K ZMf R, B
B Pal A Gk PR Bk 8 A8 PR X 5 s pH {EL(6-8) B A

B HRAEX 5 A Pal A R R BR AR R
CmpalF #ifk 228 7 5 HiAth 4 4~(CmpalA .CmpalB ,
CmpalC F1 CmpalH) bR AR LEAR] pH 4504 T
AR ZIVEIERAAEN B 225, £ pH3 &M T,
ACmpalF-50 A & 2 il 4/ T b HoA 4 A~ 2 A2

http://journals.im.ac.cn/actamicrocn
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RT3, TifE pH 6-8 &1+, ACmpalF-50 /&
RSz VR e 2T HoAl 4 AR o e 4
2.4 Pal AHREERE X B B fA R

wk B 98 7% K ACmpalA-33 . ACmpalB-13 .
ACmpalC-5, ACmpalF-50 fIACmpalH-26 7 PDA
A EERSR 14 d SRR 3.37x107,
3.07x10", 2.72x107, 0.97x10" F1 0.37x10" 4~
Flem?, 587 A4 BB Bk Chy-1 (3.41x107 /M1 F-/cm?)
MR, BiRsE28KACmpalC-5. ACmpalF-50 Fi
ACmpalH-26 1/l A B2 N, moEk
ACmpalA-33 FIACmpalB-13 ft 7= it 15 A T B
WA 2.2 22 57 (K 5).
2.5 Pal HXERBBHEMNEZEFELEHEEZ

AR AR Z A R R, R A A
ACmpalA-33, ACmpalB-13, ACmpalC-5,
ACmpalF-50 FIACmpalH-26 X 4% % B 15 4% i 27 4=

_14x]| T & .|:'|
5 10} |.'
= 35l
= X}
EREL
§ 1§
- s |
'] " " - - . -
! % & b & i
R .-.,1' .l:\.l|‘\' s ["EE T
b e o - ."!' -\.-J-l"
o - g} L-\.-.'- =it Ly
sk wh B oo !

Sirains

5. BEE Pal tHXEFRMRRTIARETE B EK
P E LhE (20 °C, 14 d)

Figure 5. Comparison of conidial production among
the Pal-related genes mutants and the wild type strain
Chy-1 of C. minitans (20 °C, 14 days). Bars in each figure
headed with the same letters are not significantly different
(P>0.05) according to least significant difference test.
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R34 0 R TR A AU BRI Chy-1. BFAERUERTIE Chy-1
AR A BUR R EUAE] T 8133, TMRFRSE
A% {& ACmpalA-33 . ACmpalB-13 . ACmpalC-5 .
ACmpalF-50 FIACMPpalH-26 24 % A B B B 45
B3k 51,24, 55.3. 60.89. 52.97 F149.74 (41 6).
SHPAE AR Chy-1 AHLE, AFRIEAEAACMpalA-33.
ACmpalB-13 , ACmpalC-5 , ACmpalF-50 FIACmpalH-26
I REFR B B R T 36.9%., 32.01% . 25.13%.
34.87%7FN 38.84%. H L AT LAUERH L Cmpal A .CmpalB
CmpalC. CmpalF F1 CmpalH =520 pH (55
TR TR A A AR A% RO
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Identification of pH-signaling pathway-related genes in
mycopasasitic fungus Coniothyrium minitans

Di Fang, Yi Lou, Mingde Wu, Jing Zhang, Guoging Li, Long Yang"

Hubei Province Key Laboratory of Plant Pathology, College of Plant Science and Technology, Huazhong Agricultural University,
Wuhan 430070, Hubei Province, China

Abstract: [Objectives] To identify pH-signalling pathway (Pal)-related genes in mycoparasitic fungus
Coniothyrium minitans and to understand the role of these genes in interaction between C. minitans and its host
Sclerotinia sclerotiorum. [Methods] Six Pal-related homologues were obtained from the whole genome of C.
minitans and designated as CmpalA, CmpalB, CmpalC, CmpalF, CmpalH and Cmpall. PEG-mediated protoplast
transformation was used to create the deletion mutants of Pal-related genes. Five Pal-related genes were knocked
out individually and the mutants designated as ACmpalA-33, ACmpalB-13, ACmpalC-5, ACmpalF-50 and
ACmpalH-26. The biological characteristics, including colony morphology, mycoparasitism, oxalate degradation
and antifungal activity,were compared between knock-out mutants and the wild-type strain. [Results] Compared to
the wild type strain, five Pal-related genes-deletion mutants showed significantly reduced mycelia growth between
pH 6 and 8. These results indicated that the disruption of these Pal-related genes increases sensitivity to neutral or
alkaline pH. The sclerotia-infection assay showed that the parasitic activities of the five Pal-related genes-deletion
mutants were dramatically reduced. qRT-PCR results showed that these Pal-related genes-deletion mutants
suppressed expression levels of three mycoparasitism-associated genes Cmchl, Cmgl and Cmspl. Meanwhile,
expression of CmpacC, the pH signaling pathway downstream gene, was also reduced in the Pal-related
genes-deletion mutants. The oxalate degradation of the five Pal-related genes-deletion mutants at pH 6 were
increased under pH 8, and the antifungal activity of those mutants were also increased at pH 8 comparison with the
wild type. [Conclusion] Disruption of the Pal-related genes resulted in impaired C. minitans responses to ambient
pH. The pH-signalling pathway (Pal) plays an important role in interaction between C. minitans and S.
sclerotiorum, including mycoparasitism, oxalate degradation and antifungal activity in C. minitans against S.
sclerotiorum.

Keywords: Coniothyrium minitans, Sclerotinia sclerotiorum, pH-signalling pathway, mycoparasitism, oxalate
degradation, antifungal activity
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