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Alternative splicing (AS) was investigated as a key mechanism in non-
target-site resistance (NTSR) to the herbicide florpyrauxifen-benzyl in
barnyardgrass (Echinochloa crus-galli [L.] Beauv.). Utilizing advanced
transcriptomic analyses of RNA-Seq data processed through CLC
Genomics Workbench (2023) and Python (version 3.12) in resistant
and susceptible populations, 24 genes with unique AS patterns were
identified in the resistant population. The absence of these AS events
in the susceptible population highlights their pivotal role in resistance.
Results demonstrated that the frequency of all AS event types,
particularly intron retention and alternative splice site usage (A3'SS and
AS'SS), was significantly increased in the resistant population.
Convergent enrichment analyses (GO, KEGG, Reactome, InterPro)
conclusively revealed that the resistance mechanism is based on
enhanced metabolic herbicide detoxification through reprogramming
of aromatic amino acid (tyrosine and phenylalanine) metabolism and
secondary metabolite biosynthesis pathways. Highly significant
enrichment of pyridoxal phosphate-dependent aminotransferase protein
domains confirmed the role of alternative isoforms of conjugation
enzymes in herbicide inactivation. Furthermore, a complex regulatory
network between AS-affected genes and miRNAs uncovered a precise
post-transcriptional regulatory layer. This study provides the first
evidence for the pivotal role of alternative splicing in resistance to
synthetic auxin herbicides and paves the way for developing novel
management strategies.
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Figure 2. Venn diagram showing alternative splicing (AS) genes in resistant (RT) and susceptible Echinochloa crus-galli. The 24

resistant-specific AS genes represent potential candidates involved in resistance, whereas the 21 genes shared between the two
groups may represent common AS events. The 18 susceptible-specific genes may reflect a general stress response.
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Figure 3. Distribution of alternative splicing event types in resistant and susceptible populations of Echinochloa crus-galli. The
bar chart shows the distribution of the four main types of alternative splicing events: intron retention, exon skipping, alternative 5’

splice site, and alternative 3’ splice site.
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Figure 4. Distribution of alternative splicing (AS) events across chromosomes. The horizontal axis represents chromosome names,
and the vertical axis represents the total number of AS events identified on each chromosome.
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Figure 5. Comprehensive interaction network between alternative splicing (AS)-affected genes and regulatory miRNAs
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Figure 6. Cellular component enrichment analysis (Gene Ontology). The values on the horizontal axis, ranging from 0.35 to 0.85,
represent the enrichment ratio of the categories. The numbers on the bars indicate the gene count and the false discovery rate
(FDR). The data indicate significant enrichment in the cytoplasm component with 11 genes and the cytosol component with 6

enes.
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Figure 7. Gene Ontology (GO) Molecular Function Enrichment Plot. The GO enrichment analysis reveals that enzymatic functions
related to the tyrosine and aromatic amino acid metabolic pathway (such as transaminase activity, dehydrogenase activity, and
dioxygenase activity) are significantly enriched within the studied gene set (FDR values ranging from 1.0 x 103 to 1.0 x 10-').
The numbers on the plot indicate the number of genes associated with each term. Grouping is based on a similarity threshold of

0.8.
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Figure 8. Gene Ontology (GO) Biological Process Enrichment plot. The current analysis reveals that metabolic processes related
to tyrosine and alpha-amino acids are significantly enriched in the studied gene set. The enriched processes include tyrosine
metabolism, its catabolic and biosynthetic processes, as well as broader carboxylic acid metabolic processes. The number displayed
on the chart represents the 11 genes associated with the main cluster. Grouping was performed based on a similarity threshold of

0.8.
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Figure 9. KEGG pathway enrichment plot. The vertical axis shows the names of the biochemical pathways, and the numbers on
the bars indicate the number of genes associated with each specific KEGG pathway.
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Figure 10. Enrichment plot of protein domains and features based on the InterPro database. The enrichment results
indicate significant enrichment of protein domains associated with pyridoxal phosphate-dependent enzyme families,
particularly aminotransferases, and key enzymes involved in the tyrosine metabolic pathway, such as dehydrogenases

and dioxygenases. The numbers on the plot indicate the number of genes associated with each domain.
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Figure 11. Reaction pathway enrichment plot. This analysis shows the metabolic pathways that are significantly enriched in the
studied dataset. The bars represent the statistical enrichment level of each pathway. The numbers corresponding to the associated
gene count and statistical significance level (FDR) for each pathway are displayed in the enrichment plot.
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