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Abstract: [ Objective | Lotus rhizome rot caused by Fusarium commune seriously affects the production of

lotus in China.The polygalacturonase gene Fcpgl in the pathogen of lotus spoilage was identified , and its role in
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growth, development and pathogenicity was analyzed, which provided a basis for further research on the
pathogenic mechanism of F. commune and the prevention and control of the disease.| Method ] BLASTP was
used to find Fepgl homologous proteins in the whole genome data of F. commune and the amino acid sequence
of Fepgl was analyzed using online software ExPASy. The Fepgl knockout mutant AFepgl and the
complementation strain AFcpgl—Com were obtained. Colony morphology, growth rate, spore production, and
pathogenicity were measured for the wild—type strain FCN23, the mutant AFcpgl, and the complementation
strain AFepgl-Com.[ Result | The Fepgl gene encoded 388 amino acids with a molecular weight of 40.354 ku.
The molecular formula was C,,5sH,775sN,5057,5,,, the isoelectric point was 6.57 and an aliphatic index was 79.9.
Fepgl was a stable, water—soluble exocytotic protein, mainly localized in the extracellular. Its signal peptide
shear site was between amino acids 16—17.The Fepgl protein had high homology to the polygalacturonase
protein sequence of F.oxysporum.There were no significant differences in colony morphology , vegetative growth,
and spore production in the AFcpgl mutant compared with the wild—type strain FCN23 and the
complementation strain AFecpgl—Com, but the pathogenicity of the mutant AFepgl was significantly reduced.
[ Conclusion | Fepgl is a typical polygalacturonase protein involved in the regulation of the pathogenicity of
lotus rhizome rot.
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(5% 3 SC) i TR (Fusarium commune ) J&— 0 1485 S5 LT, 5 | 114 322 i W0 7 3 16 4
A AR AR ARG ZE PR T, R ™ HE I T 3 8 70% B 7 A AR, 7 U R A A A (B, H R
JEE VUCIR BT 1) 1 AR AN TR, SR 0 ot e AT 80 B s R o A T S T T P O L L X o 5 B AL
M 256 Bl iR AR s B F R [ AT ATt i | 22 P ZUBEIE FR 1 ( polygalacturonase , PG ) M I EL 1 7™
Az 0 SR T AR A, 2 R A A AR AR M RE A Y R — , BN A SR RN R A AR SET TE
HABUR A R FEEZAEHY, Ten 8% K 5 %4 4 (Botrytis cinerea ) 1) Bepg1 JE PR i 47 3 R fi bR, & B0
Bepg 1 B R T 3500 ) %6 18 22 3 FUMHTRE R 1ty 1l 5 21 o, X0 25 i A SR A0 BOWs 0 35 T R Jia 56
R IBEAT th BABE S (Phytophthora capsici) 5| B S A5 2 BE NN EE , PG B ML S, RIT PG 2 5
BRARE R (I BOR LR . AL BB A 5 ( Curvularia lunata) Clpg 182 5 %6 K BB PRI o (4%
W VI SV H AT, 2 R FURE I PR Fepg 1 763 )5 WUW B8 (F. commune ) (AT REIS A ILARE o [ UL DL 17
KB ) AT ] e T S s T 4 i PR 2L K L 2R R 2 HE 2 R FUMIE IR il 5L T Fepg | AT %E0E
) T) 905 B 2 i B A A S WO B Frepg 1 i Bk 98 8 AR AFepg 1 LA X [E1 ¥ K AFepg 1-Com , BT Fepg 1 1E
LG ) T A OR B IO I T AR R, S g — 20 e AT 2 TR T A 0 L o TS T TUOH B B T i AR
HSAHE
1 #RETE
1.1 R
LL1 BEHXEARABAR

T J83 WO TR (Fusarium commune , FCN23) FHAS 5200 % 43 85 FVLVE ) B A Al B ib , T 30% H b h
-80 CLRAF . Ml B i AR 25 36 50 MR AR pBS-HY G &SI 22 R Bk , A4l pKNT-
GFP & A it d R P, A S = it .
1.1.2 £ 285 2o 5

7 15 il (driselase) 34 2F- [if# (snailase ) \ V&8 BE i (lyticase ) A1 EL & DNA $2 B 7] & 1 H 28 3€ 5 Solarbio
N TAEREHGNA H Takara 23 w] o BREIPE N VIR H Thermo A wl o 38 Taq B . = PR FLHF .DNA Jo4% 50
WER 2N 5 % 2 4 (ampicillin) \G418 G AL R ) I 55 R B (hygromycin B) I 1 %5 324 Fl . DNA $EiE
DS & L ook e BB R) &  F SR SR AR M BOR (TR ) A FRA R i3 BT 5105 U PCR ™)
DU P e SR AR R G ) A R R e 1l



5513 IR 546 4 WA T 22 2R~ FLBTRE R I Fepg 1 S DR T REIF 5T - 79 -

113 44

PDA B3R5k - 25 Je Th %2200 g, A48 20 g, BiflE 20 o, ALK ER 2 1 Lo YPD IR EE IR 5 B B
W10 g, REE FII 20 g, 400 20 g, LK ERZET L,
1.2 Fepgl ERREEREYERESWN

T 8 DO AT 4 5 PR 2H B30 o IR ZE R 5 =AU BRI P A 3 A o BT S0 0 2 0 A5 1) DK
i T A BE R ZH 2 L XF F. commune 42 A 203817 BLASTP ] R A IR 8K 1 . F H] ProtParam T-E\*(http:
//web.expasy.org/protparam ) 53 M7 Fepg 1 F B 431 432X RIS 55 fl i IRV RECIATE 78
ProtScale 7 2k T. H. (http://web.expasy.org/protscale ) X} Fepgl ) 3E 5 K PEVEAT 43 M1 . TMHMM 25 [ 5 AR 45
FA I AE 26 50 7 T EL (https://services. healthtech.dtu.dk/service.php? TMHMM=-2.0)"", | F 7 £k 2k £F SignalP
4.1 (https://services.healthtech.dtu.dk/service.php?SignalP—4.1) FUl {5 = ik . F| ] BLASTP (http://www.ncbi.
nlm.nih.gov) 2 R AL (A ARV F S . i MEGA 7.0 LASBIEIEAG B Fepg 1 5 HoAth ECE W R0 R UE 4 Y
ARG KR ER,EE 1 000K Bootstrap &l
1.3 Fepgl EFERFR RTAME M ERIEE

Fepg 1 55 DR 55 28 728 (A8 8 - SR T L T DNA 44 0 50) & 12 RO i WO T FCN23 [ 24 DNA,
split-marker S BE" 4 3G Fepg ! B[R E AT 5. AT WX PglF1+Pgl1R1 Fl PglF2+Pg 1 R2 43 i 47 4
800 bp Zc 47 Y Fepgl Vil v BOFI R i v B, A T A BB )AL 0 B i e BEF 2K pBS-HY G #E 47
Y1, [P 9 0 P T4 2 32 R L i Bt 12 21 pBS-HYG WY Wi , # E Fepg I FERRBRAAA . LU L3k
PR AR A 51 95X Pg1F1+HY/R F1 Y G/F+Pg1R2, 43 5 &4 18 Fepg 1 HE KR hph BE[H | T #3215
G, JF TR AL FON23 AR I AR TR . SR 5 2 R S5 Jr vk PR eICaE , T 28 342 g VIS 781 19 Dt A= o
AT A AR AL, 75 800 pg/mL 155 25 1) PDA SEARO 56 AL b A7 0025 0 1 . CTAB 25 H B
167 DNA, 5%} PglF+Pgl R 44 Fepg 1343 ORF, 51 4% HYG/F+HYG/R 9™ i i 25 = LA .

[ e R AR AL 2 < KA G418 Ptk 3 X (14 JFE pKNT-GFP I R i 1 P I Kpnd A Hind 1T i), LAY
1 BB FR FCN23 (15 K 41 DNA AR , FI5 199 %F Pg 1 -CF+Pg 1 -CR il i A LG 3 Fepg 1 FEH 1 i
Bl A BN B, T8 o 0 4% v BB AR Al Ak TSR (87 ) v e 3 B P 24K pKNT-GFP, H ) 2
U B BTN Fepg ] FEDR bR 5 A MR JEUAE Bp b, JH 3% 120 pg/mL G418 B9 PDA A0 e 4k 1 £ 474
Ve, SREEEAL T DNA, RIS 4% Pgl F+Pgl R 11 Fepgl #5) ORF, G418F+G418R 4 5 {4 85 2 ik
Rl WS IS I WL 1.

x1 RKWATASIY

Tab.1 Sequences of the primers used in the study

514 Primer name ¥ Sequence(5'—3")
PglF1 CCCTCGAGTAGCGTGACACTATCTCCG
PglR1 CCATCGATAAATTCCGTCTCGTCGTTC
PglF2 CGGGATCCTAGGCGTAAGTGGGAAGGT
PglR2 GCTCTAGA CCGGATTGAAATTGGGTAA
YG/F GATGTAGGAGGGCGTGGATATGTCCT
HY/R GTATTGACCGATTCCTTGCGGTCCGAA
HYG/F GACAGCGTCTCCGACCTGA
HYG/R GCTCCATACAAGCCAACCAC
PglF TCGCTACCGCCGTCTCATC
PglR CTTGGCATTGGGCTTGTCG
Pgl-CF ACAAAAGCTGGGTACCAATTAAAGCTTCCGCCTGTAAG
Pg1-CR CCGCCGCCGCCGCCAAGCTTGCTAGGGCAAGTGTTGGTAGGA
G418F GATGTTTCGCTTGGTGGTCG

G418R TGATGCCGCCGTGTTCC
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Fig.1 Prediction of Fepgl protein signaling peptide
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Fig.2  Phylogenetics tree analysis of PG proteins in F. commune and others species
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G418F+GA18R 41 145t fe d PSR IN FBe o
A: Schematic representation of Fepgl deletion strategy; B: PCR products for the Fepgl gene replacement construct.C: PCR

products for Fepgl gene complementation strains; M: DL 2000 marker; H: Amplified fragments of the hygromycin resistance gene
by primers HYG/F+HYG/R ; P: Partial ORF fragment of Fepgl gene amplified by primers PglF+PglR; G: Amplified fragments of

the geneticin resistance gene by primers G418F+G418R.
B3 SO T Fepg ] 3R 555 00

Fig.3 Fepgl gene knockout and Validation in Fusarium commune
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A D GBI B A= B FCN23 \AFepgl S5 AFepg1—Com [0 %M B K B T 74 1E T8 5 B L E L F 2351 4 4% B Bk Y 1 9% 2 T 5

CF L7350 4% AR 0 A4 T
A,D,and G are colony fronts of wild—type FCN23,AFcpgl mutant, and AFepgl-Com complemented strains, respectively; B,

E,and F are colony reverses of each strain,respectively;and C,F,and I are conidia of each strain, respectively.
El4 S8 00 B A Fepg 1 28R 1) B I TE S A I35

Fig.4  Colony morphology and conidiation morphology of the AFepgl mutant of F. commune
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Tab.2 Growth rate and sporulation of AFcpgl mutant of Fusarium commune

IR MR/ (em-d ™) A/ (X107 mL ")
Strain Growth rate Sporulation
WT 1.46+0.01 5.03+0.20
AFepgl 1.470.01 5.91x1.29
AFcpgl-Com 1.47+0.01 6.64+0.97
A CK  Fen23  AFepgl AFcpgl-Com B

%55

Ing
-
o
k!
&

5 / 20T
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WA /om Lesion length

FCN23 AFcpgl  AFepgl-Com

=

& i
A BPERU R AFepg 1 1R UERZEHE 3645 3 d JF BYAHRAEAR , JCRUKAE A X s B K238 36 5 AUAE IR JE (+, P<0.05) .
A : Morbidity symptoms of wild—type and AFepgl strains after 3 days of infestation of Taikong lotus 36, with sterile water as a

control ; B: The lesion length of the Taikong lotus 36(*,P<0.05).

K5 AFepgl PEUH 71 H

Fig.5 Pathogenicity assay for AFepgl
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(Botrytis cinerea) ##:’K Bepg 1 Jii , TE25 i RIS L B0 71 T BE™, 22 fA T ( Claviceps purpurea) Cppg 1 /K J5
TERE BRI 2 F FE™, 8 (Geotrichum candidum ) pg 1 A5 IE 52 2 FH AR 92 1 5 7 22 A0 2500 [A)
T AR LA LIS AL 58 ] TR pg 1k DA 5k 2 5 742 (AR Tt T A B0 1 5 BB AR B TR bk O JC 22 5™, B ]
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