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cause severe Verticillium wilt disease which is difficult to control. Discovery and functional study
of important pathogenic proteins of pathogens are expected to provide an insight for disease
management. In this study, the hypothetical protein VDAG 07165 containing an unknown
functional domain DUF1620 was identified by proteomic analysis, which is highly expressed in
V. dahliae during its initial infection of potato root. Deletion of VDAG 07165 gene resulted in a
significant decrease of V. dahliae sporulation, conidial germination and penetration, leading to
significant reduction of virulence on potato plants. These results indicated that VDAG 07165
could be involved in the early infection process of V. dahliae by regulating the production,
germination and penetration of conidia. The role of DUF1620 family proteins in the production
and infection of conidia of the soil-borne pathogenic fungus V. dahliae was first explored, and
this finding provided a reference for the discovery of new genes with unknown functions and their

roles in the development and pathogenesis of fungi.
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Table 1 Primers used in this study

Bk B4 S19F 5 =

Primer name  Primer sequence (5'—3’) Purpose

U-F GGGGACAGCTTTCTTGTACAAAGTGGAAAGGAACATGAGCAA Y1 VDAG 07165 FEFMFE
GCGTCA Amplification of

U-R GGGGACTGCTTTTTTGTACAAACTTGTCTGCCCCATATCCAAGC VDAG 07165 gene flanks
CAA

D-F GGGGACAACTTTGTATAGAAAAGTTGTTGCTGGAGACGTGACG
AGTAG

D-R GGGGACAACTTTGTATAATAAAGTTGTGCTGGAGACGTGA
CGAGTAG

hph-F CCTGAACTCACCGCGACGTC AIE VDAG 07165 FFRIEAS

hph-R CTATTCCTTTGCCCTCGGACGAGTG Verification of VDAG 07165

Q-tgB-F CCACCACTGTCTTCAACTT deletion mutants

Q-tgB-R GAGTCTGCTGGTAATTCTGA

HB-F CGACTCACTATAGGGCGAATTGGGTACTCAAATTGGGAGAGGG I3IE VDAG 07165 HAMRAS A
GAAACCGACAAGG Verification of VDAG 07165

HB-R CACCACCCCGGTGAACAGCTCCTCGCCCTTGCTCACCGCCATC complementary mutants
TCGTGCATCT

C-tgB-F TCTTGGTGTTGATGCTCTC

C-tgB-R AGTTGCGTCGTAGGATTC

neo-F TCGGCTATGACTGGGCACAACA

neo-R GAGCGGCGATACCGTAAAGCAC

qPCR-B-F ACAACTCGCTACTACAACG Kl VDAG 07165 FLH ki

qPCR-B-R CGTTGTAGTAGCGAGTTGT Detection of the VDAG_ 07165

B-tubulin-F TTTCCAGATCACCCACTCC gene expression

B-tubulin-R ~ ACGACCGAGAAGGTAGCC

Vd-F CCGCCGGTCCATCAGTCTCTCTGTTTATA oI R A P A )

Vd-R CGCCTGCGGGACTCCGATGCGAGCTGTAAC Detection of the biomass of

actin-F GCTTCCCGATGGTCAAGTCA Verticillium dahliae

actin-R GGATTCCAGCTGCTTCCATTC

RIS LG P S E AP

Underlined text in primer sequences represent recombination sequence.
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D Colletotrichum musicola KAF6841325.1

100 [("on’iee‘om'chtm;! sojae KAF6816791.1
95 Colletotrichum plurivorum KAT6840446. ]
Colletotrichum incanum K71.82337.1

IOUE Colletotrichum tofieldiae GKTS57146.1
e lerficillium dabliae VDAG_07165
Scedosporium apiospermum XP_016643621.1
Fusarium atbosuccineum KAF4462535.1
Trichoderma longibrachiatum PTB73084.1
Trichoderma citrinoviricle XP_024747247.1
100 [ Trichaderma asperelioides KAHS130165.1

100 Trichoderma gamsii PNP41203.1
Caoniachaeta ligniaria OTW27309.1
94 Daldinia loculata KAI12778906.1
Physcomitrella patens XP_001765108.1
Medicago truncatula XP_003636448.1

99 Oryza sativa NP_001054975.1
’W‘ w:»%rghwn bicolor XP_002439481.1
1 VDAG_07165 EEMEMNERZRAZAESTH  A: VDAG 07165 {55k, B: FEAEL5H
. C. S5FEPEEMN Colletotrichum higginsianum ChDUF1620., C. truncatum CtDUF1620. Fusarium
albosuccineum FaDUF1620 . C. orbiculare CoDUF1620 ., C. musicola CmDUF1620 F1 C. plurivorum
CpDUF1620 #ATHZFHI L. D: REL T 58
Fig. 1 Bioinformatics and phylogenetic analysis of VDAG_07165 protein. A: VDAG_07165 signal peptide
prediction. B: Transmembrane structure prediction. C: Multiple sequences alignment of VDAG 07165 and its
homologs of ChDUF1620, CtDUF1620, FaDUF1620, CoDUF1620, CmDUF1620 and CpDUF1620 from

Colletotrichum higginsianum, C. truncatum, Fusarium albosuccineum, C. orbiculare, C. musicola and C.
plurivorum, respectively. D: Phylogenetic analysis.
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&l 2 VDAG 07165 EEFBRAMEARTIRMIRS  A: PCR BRIFREIFREALIMAR. JKil 1-3 F1 6-8 43510
3NEAL T DNA, KB 4 F19 4350 f 87 4= BUE Ak DNA, JKIE 5 F1 10 2050 A PERTIE. B: PCR B&iiF . £b
AR, VKIE 1-2 F1 5-6 4350 2 DN EAMEALT DNA, VkiE 3 1 7 435084 B bk DNA, VkiE 4 #1 8
4% 90k B %FBE . M, & DL2000 DNA marker, M, 4 DLI15000 DNA marker. C: & %h %575 {&
AVDAG_07165-C1 RS0t (Bars=50 pm). D: HFA: BRI #K 5 RBR A1 E AP B ATE PDA B g i K
10 d ATRVE AR KR, AN [A/ING R RR 28 57 8 35 (P<0.05). TIAl. E: WHEEA

Fig. 2 Generation of VDAG 07165 gene knockout and complementary mutants. A: PCR was used to verify
the knockout mutants. Lanes 1-3 and 6—8 were three transformants DNA, lanes 4 and 9 were genomic DNA of
wild type (WT) strain, and lanes 5 and 10 were negative controls. B: PCR was used to verify the
complementary mutants. Lanes 1-2 and 5—6 were the DNA of two complementary transformants, lanes 3 and 7
were the genomic DNA of WT strain, and lanes 4 and 8 were the negative controls, M; is DL2000 DNA marker,
M, is DL15000 DNA marker. C: The complementary mutant AVDAG 07165-C1 showed green fluorescence
(Basr=50 pum). D: Colony growth rates of wild-type strain, knockout and complementary mutants grown in
PDA plates for 10 days. Different lowercase letter indicates significantly difference (P<0.05). The same below.
E: Colony morphology.
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Fig. 3 Analysis of conidial morphology, yield and germination rate of mutants. Conidial morphology (A),

spore quantity (B), conidial germination rate (C) and germination morphology (D) of wild type (WT) strain,
knockout mutants and complementary mutants grown in PDB medium for 7 days.
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Fig. 4 Determination of conidial penetration of wild type (WT) strain, knockout mutants and complementary
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