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Fig. 1. Evaluation of candidate genes obtained from the results of gene expression in the interaction network in

order to identify sub-networks involved in salinity stress

Phenotypic screening: Two genotypes were selected out of 93 maize genotypes, which showed extremely different
phenotypic response against salinity stress (T9: Tolerant, S46: Sensitive). Gene expression profiling: gene expression of T9
and S46 genotypes was investigated under normal and salinity conditions. Candidate gene selection: The genes responded
differently to salinity stress between two genotypes were selected as candidate genes (red genes on the right hand side of the
Heatmap). Network Analysis: an integrated interaction network was compiled from different molecular layers (regulatory
networks, protein-protein interaction networks, metabolic networks and co-expression networks) and was subsequently
converted to a probabilistic interaction network. Candidate genes were mapped on this probabilistic interaction network.
Significant sub-networks were extracted using PheNetic. The Red nodes are candidate genes (which were identified by
differential expression in one of the genotypes) and the grey nodes indicate connector genes that are not candidate but
provide a link between the candidate genes in the interaction network that have been recovered by network analysis.
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Fig. 2. GO enrichment analysis for the candidate genes. The overrepresented GO term and the candidate

genes are shown on the x-axis and y-axis, respectively.
The green boxes indicate the presence of the corresponding gene in the GO class. The DE score reflects the degree of
differentiation of candidate gene expression (log fold change). Blue and yellow colors indicate whether the gene was up-
regulated (blue) or down- regulated (yellow) under salinity stress in S46 (sensitive) compared to T9 (tolerant) maize
genotype (after correcting for differences in expression under normal conditions).
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Fig. 3. Results of the network analysis of tolerant and sensitive maize genotypes

Red nodes represent candidate genes obtained from the transcriptome analysis. Grey nodes did not show a significant
difference in gene expression between two genotypes, but were recovered by the network analysis as connector genes (genes
required for connection of the candidate genes). Edge colors; Red: metabolic interaction, grey: protein-protein interaction,
and blue: co-expression derived interaction. No regulatory interactions were recovered in any of the sub-networks.
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Network-based transcriptome analysis in salt tolerant and salt sensitive maize
(Zea mays L.) genotypes

Mohasseli, T.1, S. Dezhsetan 2 and R. Darvishzadeh 3

ABSTRACT

Mohasseli, T., S. Dezhsetan and R. Darvishzadeh. 2022. Network-based transcriptome analysis in salt tolerant and salt
sensitive maize (Zea mays L.) genotypes. Iranian Journal of Crop Sciences. 24(1): 79-92. (In Persian).

Identification of genes involved in salinity stress tolerance provides deeper insight into molecular
mechanisms underlying salinity tolerance in maize. The present study was conducted in the faculty of agriculture
of Urmia university, Iran, in 2018, with the aim of identifying genetic differences between two maize genotypes
in tolerance to salinity stress, and the results of gene expression were integrated with gene interaction networks.
First, two maize genotypes with extreme phenotypic differences in salinity tolerance were identified using
phenotypic screening data. Gene expression was studied by RNA-sequencing to unveil molecular mechanisms
underlying salinity tolerance differences in two selected maize genotypes (T9: salinity-tolerant; S46: salinity-
sensitive). Phosphorylation-dependent signaling processes, ion transportation, oxidation-reduction, glutathione
metabolism, and tryptophan metabolism between tolerant and sensitive genotypes were identified as different
biological pathways by gene ontology and interaction network analysis on the genes with differential expression.
Network analysis identified a motif as a common regulatory element (cis-regulatory element) in the promoter
region of genes belonging to the sub-network with phosphorylation and kinase activity. This motif corresponds
to a regulatory element known in Arabidopsis which binds a transcription factor with a known role in responding
to salinity-stress. By integrating gene expression and interaction network data obtained from different molecular
layers, pathways and genes distinguishing in two salinity-tolerant and salinity-sensitive genotypes were
identified, These findings can be used in maize breeding and biotechnology programs to improve maize grain

yield under salinity stress conditions.
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