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Abstract

Xinjiang boasts obvious advantages in both planting area and total yield of cotton in China. However,
the intensive cultivation model has led to the frequent occurrence of cotton verticillium wilt, which
severely affects cotton yield and quality in some ecologically suitable regions. Cotton verticillium wilt is
caused by Verticillium dahliae, a typical soil-borne vascular fungus. There exists significant pathogenicity
differentiation among different strains and physiological races of this pathogen, which is the key reason for
the long-term lack of breakthroughs in verticillium wilt control.

Objective: This study aimed to identify the key pathogenicity factors of V. dahliae and clarify the
relationship between plant cell wall degrading enzymes (PCWDEs) and pathogenicity. Using two V.
dahliae strains with distinct pathogenicity as materials, we compared virulence gene differences via
genomic sequencing and annotation, screened key pathogenicity-related genes, explored the regulatory
roles of target genes in strain growth, stress tolerance and pathogenicity, and elucidated the molecular
pathogenic mechanism, so as to provide a theoretical basis for the control of cotton verticillium wilt.

Methods: (1) Genome sequencing was performed on two V. dahliae strains with differential
pathogenicity. (2) Key virulence genes were screened based on CAZy annotation results. (3)
Bioinformatics analysis was carried out on target genes, and their protein secretion activity and expression
patterns during cotton infection were verified. (4) Gene knockout mutants and complementary strains were
constructed using Agrobacterium-mediated homologous recombination. The growth and reproduction
capacity, abiotic stress tolerance and pathogenicity of these strains were systematically determined to
comprehensively analyze the pathogenic functions of target genes.

Results: (1) Genomic comparison revealed that the overall composition and quantity distribution of
CAZy superfamilies were highly conserved between the two strains. Based on homologous alignment
against PHI-base, 105 and 101 pathogen-host interaction (PHI) proteins were identified in highly virulent
strain VASHZ-9 and weakly virulent strain VASHZ-4, respectively. Comparative analysis showed

inconsistent pathogenicity annotations for 5 genes between the two strains. Among them, two



PCWDEs-related genes, VdCutl (46444 PHI1:2383) and VdPL16 (40452 PHI:4619), were associated with
the pathogenicity of VASHZ-9 but exerted no effect on that of VASHZ-4.

(2) Bioinformatics prediction showed that the VdCutl-encoded protein contained a 19-amino-acid
signal peptide at the N-terminus and an o/B hydrolase superfamily domain, while the VdPLI6-encoded
protein harbored a 20-amino-acid signal peptide and an Amb_all domain of the PL-6 superfamily. Both
signal peptides were verified to have secretion activity. Additionally, the transcript levels of VdCut! and
VdPL16 were significantly upregulated at the early stage of cotton root infection (12—24 hpi), suggesting
that these two PCWDEs-related genes play critical roles in the initial infection stage.

(3) Knockout mutants (4VdCutl, AVdPL16) and corresponding complementary strains of the highly
virulent isolate were successfully obtained via Agrobacterium-mediated homologous recombination.
Phenotypic assays demonstrated that, compared with the wild-type strain, the knockout mutants exhibited
significantly reduced colony growth rate and drastically decreased conidial production, indicating that these
two genes positively regulate the vegetative growth and asexual reproduction of V. dahliae.

(4) Stress and infection functional analysis revealed that deletion of VdCutl or VdPLI6 significantly
increased the sensitivity of mutants to abiotic stresses such as high osmotic and oxidative stresses, and
markedly weakened the ability to penetrate cellophane membranes. Infection assays using EGFP-labeled
strains showed that the colonization ability of mutant hyphae in cotton root vascular tissues was
significantly inhibited, resulting in remarkably reduced pathogenicity and disease index.

In summary, the composition of the CAZy family and the total number of PCWDEs showed no
significant difference between high- and low-virulence strains, which was not the determinant of virulence
differentiation. In the highly virulent strain, knockout of VdCutl and VdPLI16 significantly impaired the
initial penetration ability of V. dahliae into cotton roots, thereby reducing its overall pathogenicity. It is
speculated that the functional differences in PCWDE genes among different strains are an important cause
of virulence differentiation.

Key words: Cotton Verticillium wilt; Carbohydrate-active enzymes; Pathogenicity; Plant cell

wall-degrading enzymes; Gene knockout
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Fig.1-1 Development and disease cycle of Verticillium dahliae
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