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ABSTRACT
Tomato brown rugose fruit virus (ToBRFV) is a newly emerged Tobamovirus that affects most

plants of the Solanaceae family; therefore, understanding resistance mechanisms is crucial for
disease management and control. The aim of this study was to identify hub genes and understand
how their expression is regulated in response to TOBRFV infection in tomato. In this study, RNA-
Seq data were used to identify hub genes in response to ToBRFV infection. For this purpose,
STRING, Cytoscape, Tomtom, and GOMo bioinformatics tools were used to construct and
visualize the network, examine the ontology of hub genes, to identify conserved promoter motifs,
and to assess their biological roles, respectively. Accordingly, genes for nitrate reductase, heat
shock protein 90, bifunctional nuclease, auxin response factor, and NAC domain-containing
protein were identified as the genes with the highest ranking. Gene clustering analysis using the
CytoCluster plugin in the Cytoscape platform revealed that the major gene clusters are
predominantly associated with the biosynthesis pathways of flavonoids, brassinosteroid,
phenylpropanoids, as well as hormone- signaling and MAPK pathways. The majority of cis-
regulatory elements identified upstream of hub genes were mainly related to stress signaling and
immune responses, which can be used as markers for more effective enrichment and better
response of defense-related hub genes. Overall, our findings provided valuable information about
the genetic determinants of virus-plant interaction and the development of immune responses
against TOBRFV in tomato plants, which can be used in breeding strategies and improved crop
yield management.
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Figure 2. Ontology analysis of hub genes in the protein interaction network in tomato in response to TOBRFV A)
molecular function and B) biological pathways based on the KEGG database using the STRING website (version 12).
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tomato seedlings using the IPCA algorithm of the
CytoCluster plugin available in Cytoscape (version 3.10.2)
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Table 2. Promoter motifs and their associated transcription factors in the upstream region of hub genes identified in
response to TOBRFV in tomato using the MEME tool
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