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ABSTRACT

Sclerotinia stem rot (SSR), caused by the soil-borne fungus Sclerotinia sclerotiorum, adversely
impacts seed quality in rapeseed (Brassica napus) causing a 10-20% reduction in crop yield. The
biological control agent Pseudomonas chlororaphis PA23 can protect rapeseed from the
deleterious effects of the hemibiotrophic fungus S. sclerotiorum by inducing systemic resistance.
However, little is known about the molecular mechanisms underlying defense priming and its
regulatory processes. In this study, we amid to identify the protein-protein interaction (PPI)
networks, with a particular focus on potential hub genes, gene ontology (GO), Kyoto
Encyclopedia of Genes and Genomes (KEGG), and regulatory network analysis including hub
genes promoter analysis and miRNA prediction in canola plants pre-treated by PA23 in the
presence of S. sclerotiorum using transcriptome data. Using the computational algorithms of the
CytoHubba plugin in the Cytoscape platform, nodes with the highest interactions within the gene
network were identified as hub genes, which are mainly involved in the maintenance and retrieval
of metabolic pathways and photosynthetic activities, controlling cellular oxidation/reduction
(redox) status, biosynthesis of aromatic amino acids and plant hormones, activation of MAPK -
mediated defense signals, regulation of sulfur assimilation and cysteine biosynthesis. Using
clustering analysis based on the IPCA algorithm in the Cytocluster plugin, functional modules
effective in defense priming against SSR infection were identified. These modules were primarily
involved in the biosynthesis of aromatic amino acids and the production of defensive metabolites
in the shikimate pathway. The promoter analysis of 5'UTR region of hub genes identified various
cis-regulatory elements (CREs), such as auxin signaling-responsive motifs involved in regulating
defense responses against S. sclerotiorum infection. Prediction of miRNAs targeting hub genes,
using the web-based psRNATarget program, revealed that miRNAs belonging to the families
miR172, miR395, miR6028, miR6029, miR6032, miR6035, miR166, miR156, miR396 and
miR824 play key roles as regulatory elements in the gene expression network of hub genes. These
findings can aid in establishing biological control systems for plant disease management and
protection of agricultural systems, as well as in advancing the fundamental mechanisms for
developing disease-tolerant varieties.
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Figure 1. PPI network of up-regulated (green) and down-regulated (red) genes in response to S. sclerotiorum
infection following PA23-induced defense priming, using Cytoscape software. Network details: Number of

Nodes: 59; Number of Edges: 363; Average Number of Neighbors: 12.89; Characteristic Path Length: 1.98;
Clustering Coefficient: 0.577; Network Density: 0.234.
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Figure 2. A subnetwork of hub genes and their interactions with other genes in response to S. sclerotiorum
infection following PA23-induced defense priming using the CytoHubba plugin. (magenta: hub genes, black:
up-regulated genes, and green: down-regulated genes). Network details: Number of Nodes: 48; Number of

Edges: 337; Average Number of Neighbors: 14.042; Characteristic Path Length: 1.747; Clustering
Coefficient: 0.623; Network Density: 0.299.
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Table 1. Ranking of identified hub genes in response to S. sclerotiorum infection following PA23-induced
defense priming in rapeseed using CytoHubba plugin

05 AU 0 3, 5as G 5 oy Of bl 4,
Gene Description and Gene name Ranking Method Gene ID Rank
Glutathione reductase (EMB2360 ,GR, ATGR2) DMNC, MCC BnaC04g26180D 1
Aldolase-type TIM barrel family protein DMNC, MCC BnaC03g44420D 1,2
Aldolase-type TIM barrel family protein MCC, DMNC BnaA03g57920D 1,2
3-phosphoshikimate 1- carboxyvinyl transferase
(Belongs to the EPSP synthase family) DMNC, MCC BnaC04g56880D 1.4
APS reductase 1 (APR1, APR, PRH19, ATAPR1) MNC, Degree BnaA09g20370D 2
Glyceraldehyde-3-phosphate dehydrogenase of plastid 2
(GAPCP-2) MNC, Degree BnaC02g25850D 3
tryptophan biosynthesis 1 (TRP1, PAT1) MCC, MNC, Degree BnaA10g16850D 3.4
Anthranilate synthase alpha subunit 1
(ASAL, TRP5, AMTL, WEI2, JDL1) MCC, DMNC BnaA03g01690D 35
Phosphoserine aminotransferase (PSAT) Degree, MNC BnaC03962400D 5
tryptophan synthase beta subunit 1 DMNC BnaA10g09090D 5

(TSB1, TRPB, TRP2, ATTSB1)
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Figure 3. Gene ontology enrichment and KEGG pathways of hub genes using STRING in response to S.

scleratiorum infection following PA23-induced defense priming in rapeseed
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Table 2. Clustering analysis of subnetwork of expressed hub genes in response to S. sclerotiorum
infection following PA23-induced defense priming in rapeseed using the IPCA algorithm in the

CytoCluster Plugin
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Figure 4. Prediction of potential mMiRNAs involved in regulating the expression of hub genes in response to
S. sclerotiorum infection, following PA23-induced defense priming in rapeseed using the psRNATarget tool
(orange triangles represent miRNAs, and purple circles represent miRNA target genes).
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