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Functional verification of polygalacturonase Clpg 1 gene in
Curvularia lunata causing maize Curvalaria leaf spot
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Abstract In order to clarify the role of polygalacturonase Clpgl gene in the pathogenicity of Curvularia lunata ,
the fusion fragment was constructed using double-joint PCR, and 18 hygromycin-resistant mutants were obtained
by using PEG-mediated protoplast transformation technique. A knock-out mutant ACIpgl which contained no
Clpg1 gene was found. Compared with the wild-type strain, the sporulation yield and germination rate of ACIpgl
decreased; the polygalacturonase activity was reduced, and the pathogenicity was weakened. These results indicate
that the Clpgl gene affects the polygalacturonase activity and regulates the pathogenicity of Curvularia lunata .
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WialR) & GBS DA B L Bk R 42 1R & S 42 RNA
PG A RNAprep Pure Plant Kit I T RAE4 1L
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Table 1 Primers used in the test

5% Primer JF%1(5'-3") Sequence JHi& Use
GAPDH-F GACGGCAACAACCTGACT LS|
GAPDH-R CAGTGCTGCTGGGAATGA
Clpgl-F CTCATTGCCAACATCCACT EfE PCR K Clpgl FepH ikt
Clpgl-R GTTCCTCGCCTCCTCCTT
Clpg2-F TCCTGCTGGCACTACTCTG 7E+E PCR K Clpg2 HF# ik
Clpg2-R CATCCCACCACTTCTGACC
Clpg3-F ATGGTTATTGGCTCTATGGG 7E 4 PCR KN Clpg3 HF K ikHt
Clpg3-R TGACGCCTTTGACCTGAA
Clpgd-F ACTTCAAGGGCACAACGA E1E PCR Kl Clpgd FeFI A
Clpgd-R TGACCTGACTCTTCACGCTA
HPH-F GGAGGTCAACACATCAATG VRN EZ hph FEH
HPH-R CTACTCTATTCCTTTGCCCTCG
Clpgl1-F CCCAGTCCCTACTTCACAG i Clpg HH L v B UP
Clpgl1-R CATTGATGTGTGTTGACCTCC
CACAAGCAAGACCCAACA
Clpgl2-F CTACTCTATTCCTTTGCCCTCG
GGTAGAGTGGGCAAGTCG P48 Clpg I i A Bt DOWN
Clpgl2-R GTTCCAATACGCTAAACATC
Clpg-F CCACCCACAGAGCCAATC PCR/RT-PCR #:il] Clpgl Z27A5 A1) Clpg FH
Clpg-R ACGCCAACGCCAACT

L2 |®WHE
1.2.1 RR%EST Clpg 2 H Rk 247

BERUE PDA Bigr 2k EHigR 7 d B4 DQL
TR IS TS B AR 5 mm BYTEDE . 709
B EAT 0. 2 g RBHY 100 mL PD A B SR AL g
G DQ1 Y Clpg IR, 28°C 120 r/min fHilk

PR FR 2.4.6 M1 8 d J5, fE L B T T B 7K
e AR T 22, BT — SO CLRAEA

& RNA 3 U 55— 55 cDNA & . 2 MR
B 45 % HA R 4R B RNA, —80°CR-fE4 . ik
FSE — 88 cDNA KR &b A7 RSk Sk IE 1
cDNA F—20°C L4745
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NA M, 519 Clpgl-F/R.Clpg2-F/R. Clpg3-F/
R f Clpgd-F/R 25|93 Clpgl.Clpg2.Clpg3 F

Clpgt ¥, qRT-PCR % H| SYBR" Premix Ex
Tag™ I (Tli RNaseH Plus) (TaKaRa, Japan) i& 5
&L K ABI 7500 £%: ( Applied Biosystems, 35 [E)
AT o SOV ZR A0 BRA% U A5 64T o AR 2R3k 1
2 AR I E A 3K,

1.2.2 Cipgl #H b 8 A 2

FIF CTAB 35 $2 BUBEF A 1 DQ-1 & F 41, LA
DNA Syt , 514 Clpgl1-F/R § 14 Clpgl FE[H Y
R B UPL 51¥) Clpgl2-F/R ¥4 Clpgl HEHHY
T B DOWN, 5% HPH-F/R §"$% hph F:H F
Bt 5 25 U e Il i, 3% 2 8 pMD19-T simple
Vector 2 {4, $k & FH M 17 % 0 /. A Double-
joint PCR J5 i A s fl &5 Fr B . Jy i 2 B g 45
WA B, ¥ Eik UP.HPH.DOWN K B #iH .
i3 Double-joint PCR #3415 UP-HPH-DOWN
HAE.

Double-joint PCR ¥:0 W &, 5 — 4 % UP.
HPH D) ¢ DOWN J B & #47 PCR 9718, KW 4%
4 95°C 2 min; 95°C 30 ,65°C 4 min,72°C 1. 5 min,
15 MEFF;72°C 10 min; 16°CR-AE, & 20 45—
A1) PCR 79 11514 Clpgll-F/Clpgl2-R #474"
# R B RRFR 95°C 2 min; 95°C 30 s,65°C 4 min,
72°C 1.5 min,35 MEFF; 72°C 10 min; 16°CAE7E.

W A 3R i B U0 e ml i, 3% 42 8 pMD19-T
simple Vector A , Pk ik B 74 7% I )7 . il 5 1 il
4 kBt UP-HPH-DOWN A F Ji 4 ik i k. i
AR £ 5 PEG S5 5 A IRk 7 5 BE X
PR K R AE AR A FE S 200 pg/mL
F I JEAE AR R P A 8% 3R LR, 28°C B 3R
T dRER TR ORI A E IR R R T E R
(200 pg/ml) 1 PDA P b i AT R0 %, 4%
IEH A K ETE %3 PDA PR b GfiEss 3 K,
W B RN 5 0] RLIE & A K 10 1K 2 A i 5
I TR B A AT
1.2.3 Cipgl HEBBRRETEKEE

TE DNA 7K b 5 A8 (R 4746 0 - DA BT A6 7
DQ-1 FIZ A1 DNA Sk . # 54 HPH-F/
R #1514 Clpgl-F/R 43 R AR T/ 5 58 AR R b i)
hph R Clpg1 HEH

TERG S AKF b X S B AR AT A D - 3 3 RT-
PCR FARTESG 57K . LA cDNA R #5idR , R H
TaKaRa A &) B4 )2 ¥ 58 5% & Prime Script™ RT
Master Mix (Perfect Real Time) #f 47 ) ¥ %, DA
GAPDH JNZ 5K, 5% Clpg-F/R ¢4 H ) 5
- #47 RT-PCR £l
1.2.4 H¥iil

7 AN T T 25 4 B A2 2 DQ-1 L iR R A2 1A
AClpgl M RN PIESE LT DQECT %
FITE PDA Pl b o, 28°C BRI 518557 5 d Ja Xt i
IE S AT WSS AR IRIT 5%, [R) I 23] ) 4 96 5 B
W R MR B S B IC % R X IR A 2t
T8 (A EE S 500 M), HEKEE
SRR E A 3K,

AL RE 7 AR B R E 8% DQ1, DQ-
ECT il AClpgl Hitk. 76 PDA EMg ERi 3% 5.7 d
J&  EHL 6 N HARN 6 mm R PHCE] 10 mL 2.
B ddH O T 465 6 i BB A5 B i 16 1 2 0
WA 7 - geit. #EE3R 7 d iRk H 55k
JE R 10° cfu/mlLL (14 96 ¥ B B W . >R F R 125 i 47 46
TG, 28 CEI B % 3.6.9 h WEEIFid %
SR, WA R MR 3 LR ERE 3 K

PG I S W€ R 5 5% 7 d 1Y DQ-1.DQECT
N ACLpg 1 3 5l £ A7~ B W W R B 31—
MEFPA 1~2 MEFHE. BEANERE (Z]1 ean
X1 ) B FEY T AT i 20 pl /75
TR 28 CORBEE 3R 7. 5 h, B TS e
AR, BE 3 YOKFEEM 3 WY FERE .,
1.2.5 AClpgl gith R AR PG B &N =

FrEfk DQ-1.DQ-ECT #1 ACIpgl 7 PDA ¥
FrEE FREFR 5 dygr il a4 100 mL S5 3R MBOR A 5
WERHR 6 mm WPF, 28CHRGH IR 3 d. WEE
510 000 r/min ¥ ¥R 250 30 min, 752 ) L35 i H
R EER . il it DNS 3 AE 66 1T 540 nm
AL T R ) R YL S R S I R T 1) 3 i
A Z R FUEIE BRI 15 1%

ME T BUEH 0.5 mL i1 1 mL 0. 05 mol/L
pH=05. 0 [t - 2 40 2% vh B AN 106 22 5 ZU 1
PRI R . 50°C /K A 54 P B % 60 min J5, fil 3 mL
DNS 2% |F F g ik 35 1 21 » 45 540 nm A0 & H: 1
o MHRTEZ Ik RS A YD B2 E R B 45 2%
U/mL FIR .
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10 pLL W2 R 107 cfu/mlL 5B 77 W (G 72 P
HIA 0. 02% Tween 20 Fl1 2 %4 () HEAH 43 B4 Rl E T
Kt Rk, 28 C R R S IR IR B 5 . B RER
TSR, 15 3 YOKTFEE A 3 AYFER
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Fig. 1 Expression of Clpg gene induced by pectin in different periods
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DABEFA: R DQ-1 1Y DNA 73§ Clpgl R I
T A B, 4y 45 5] 853 bp UP A Bk, 634 bp
DOWN kB, &7 i Bt 5 H W F 51— 3 (F 2a).

M UP DOWN M
bp bp

5 000
3 000
2 000
1 000

2 000 =

1000 =
J0 = -
500 s 750
250 = el
100 250

100

HPH HPH M

DL pBHtL BObi A Rap 1 2 5= Be. 155 1 343 bp
) HPH Jr B, 28007 i B B e8] —20 (& 2b) (1]
Wer=ppid Double-joint PCR % M — 2 Be Kl
2 830 bp LA F Bt UP-HPH-DOWN([& 2¢).,

UP-HPH-DOWN
bp
5 000
3 000
2 000
1 000
750 ssm—
500
250
100

a: Clpg1 3£ [HUP. DOWNJ Bt; b: #iE Z IEKHPH S BE; ¢ fiA F BtUP-HPH-DOWN; M: 2 000 bp Marker, 5 000 bp Marker
a: Clpgl UP and DOWN fragment; b: Hygromycin gene fragment; c: Fusion fragment UP-HPH-DOWN; M: 2 000 bp Marker, 5 000 bp Marker

2 HE Clpgl EFEERRE
Fig. 2 Construct of Clpgl knock-out mutant
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RT-PCR X Clpgl HelH #1950 K BL% 5878

ki Clpgl FERARTR  RWIZFEAL T Clpgl &
PREEARR . gl ACLpg 1 (4o,
2.3 HYEHENER

XA TR B Bk DQ-L L B R P ik T
DQ-ECT HIE 5K ACLpg1 (4 LE Wy f stk 4T
Mg, ACLpgl @R 228 R MR #E PDA JE 553k 11
WKL DQ1fFAEBU/NESR: . A w1y
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skt A0 ACIpg 1 PEA TR PR 22 8B AE R REIN A L ACIpg] FBEFAE R DQ-1 19" f & A7
PR DQ-1 B HA- 1 /AR TR IO E R B TR B R (P<<0. 05) (18] 6),
AL IR (B 5) o 3@ %™ A 5 F0 4587 &

B

JE e e
a: DQ- 1AL BE4 WRETBU J A R AR b: FRAEREFR5E EHUMIB R AL T o ACIpgI FIDQ-1{EW| & R PDAH K

a: Enzymolysis for 4 hours after protoplasts; b: Hygromycin-resistant transformants; ¢: AC/pgl and DQ-1 with hygromycin in PDA
3 Clpgl EFERFRAR T
Fig. 3 Screening for Clpgl knockout
M DQ-1 Clpg|l M DQ-1 Cipg DQ-1 Clpg

GADPH Clpgl  GADPH Clpgl

100

a
a: FIEER HUIkIE A, b: Clpgl FE P Bk, c: RT-PCRAGH; M: 2 000 bp Marker
a: Hygromycin gene fragment; b: Clpg1 gene fragment; c: RT-PCR electrophoresis test; M: 2 000 bp Marker

4 Clpgl EERBREHRNER

ZLRE AR i T 2

Red circle is appressorium
5 DQ-1.DQ-ECT 71 ACIpgl EEFERKMEBEEKEER
Fig. 5 Differences between vegetative growth and reproductive growth in DQ-1, DQ-ECT and ACIpgl
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Fig. 6 Statistics of spore number, spore production and germination in DQ-1, DQ-ECT and ACIpg1l

2.4 AClpgl ZRFF EMRIREE

I 22 B 2 LW T IR I 0 MR A 25 SR R W)
DQ-1.DQ-ECT #1 AClpgl ) PG B i 1 73 5
(7.8040. 11 U/mL, (8. 0240. 03)U/mlL F1(6. 49
+0.2DU/mL, HH ACLpgl 22 TN ZUME I BRI
Fif 6 1 LU AR BB AR DQ1 R T 1620, BoR
ACLpgl RSN PG B £ T, Clpgl HEH

DQ-1  DQ-ECT  AClpgl AClpgl

|l

DQ-1

a|

DQ-ECT

(TS AN S SR RS ¢
2.5 BRI

E X DQ-1.DQ-ECT Fil ACIpgl BERM KA 15
FURITCAT 1 2R A B, T B0 8 U3 VROFD B DF B Fb
J& ACLpg1 (1) BETH AR S /N T DQ-1 55 B 1
FHE 7. ACLpg L FBRIEAE AT 25 FAH I A B0 9
55, KUK Clpgl AIRES S TR EUR TR .

DQ-1  DQ-ECT  ACipgl DQ-1  DQ-ECT  ACipgl

a: fF BT AR b: fF BT TC AR o TR d: TR R G

a: Wound inoculation with spore suspension; b: Non-wound inoculation with spore suspension; ¢: Wound inoculation with agar disk containing mycelium;

d: Non-wound inoculation with agar disk containing mycelium

7 DQ-1.DQ-ECT #1 ACIpgl 3$ EXK BRI F B Bfm e il
Fig. 7 Pathogenicity assays of corn leaf segments inoculated with DQ-1, DQ-ECT and ACipgl
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FIRIT - o B 1) 200 i BE K i B 2 5 B0 2 A 1
ZARIE . SRR AR — AR B 20 M BE K S B A )
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AN R S R 2o TR LB IRE TR e » SR HY 1 K
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PG F G = IR . 2005 AR IR MESE ) T b
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TGRS ATE ARG T B AN [F] I 30 2k R 24 A 3R, HL
Clpgl FEH R b M Clpgl 7B R EARS
L BE AR AR . 2009 4F Sun P R T
BAEREN) 7 PG B A, R HI9EOEE & PCR Xt
H N Peipg? BEPRFEATHRLIN , K RAEHRI G I EH 7 R
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AR T Clpg He R R I5R 58 A8 4%, 38 3k % 22 Y
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DNA 7K LU B 5K 93 81 3145 T — 4> Clpgl
SRR R AL A T 5 X SAS R B 1 o Hr » 45 2R
KW ACIpg1 GRS K 1 B0 VA BT 85 - i
s Clpgl W ATGES 5 TR I EUR I f. Val-
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FTYE  AEE At 3 i [A] TR 75 2 5y RE IR 4 LA
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J1 81 B L o

4 #ig
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BERAEA B RG 5 N, 6 d I 8 3K 5 0 i » R 58
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BRI - 2 R P FURERE BRI PEFEAR . ACIpg 1 B0
PRI - D HE DN 1% 2 N 2 5 T 0 D A 0k
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