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Abstract

Introduction: Sesquiterpene lactones in sunflower play crucial roles in plant defense and allelopathy. The
synthesis of these compounds is regulated by transcription factors, particularly the large bHLH family, which are
recognized as key regulators of growth and metabolic processes. Although the key genes in the biosynthetic
pathway of these compounds have been identified, their regulatory mechanisms remain largely unknown. The
present study aimed to identify and characterize the bHLH family in sunflower using transcriptomic data under
stress treatments and gene co-expression network analysis.

Materials and Methods: To investigate bHLH transcription factors involved in sesquiterpene lactone biosynthesis
in sunflower, leaf RNA-seq data under methyl jasmonate, abscisic acid, and salicylic acid treatments were retrieved
from the NCBI database (PRINA328564). Raw reads underwent quality control using 123fastq, removing low-
quality sequences and adapters. Clean reads were aligned to the sunflower reference genome using HISAT2.
Weighted gene co-expression network analysis (WGCNA) was conducted in R to identify modules of co-expressed
genes, with scale-free topology used to construct correlation matrices. Modules associated with key biosynthetic
genes (HaGAS, HaGAO, HaCOS, HaG8H) were identified, and co-expressed bHLH transcription factors were
extracted and visualized in Cytoscape. Promoter regions of key genes were retrieved from NCBI and analyzed for
cis-regulatory elements using PlantCARE, with motif distribution visualized through TBtools. For evolutionary
and structural characterization, bHLH protein sequences were aligned with Arabidopsis homologs, and a
phylogenetic tree was reconstructed using the Neighbor-Joining method in MEGA.

Results: Weighted gene co-expression network analysis (WGCNA) was performed on leaf RNA-seq data of
sunflower under methyl jasmonate, abscisic acid, and salicylic acid treatments, revealing multiple distinct co-
expression modules in response to each treatment. The highest number of modules was observed under methyl
jasmonate (38 modules) and salicylic acid (35 modules), whereas abscisic acid treatment generated only 20
modules, indicating hormone-specific regulatory patterns. Promoter analysis revealed that W-box, E-box, ABRE,
and GARE motifs—associated with WRKY and bHLH transcription factors—were present in the key genes. W-
box motifs occurred in all genes (2-11 sites), while E-box motifs were detected in all genes except HaCOS, with
HaG8H exhibiting the highest number (21 sites). Hormone-responsive motifs (ABRE and GARE) displayed
specific and widespread distributions. Based on phylogenetic analysis four bHLH genes were identified as key
regulators of the biosynthetic pathway. Gene structure analysis (0-8 introns), conserved motif examination, and
bHLH domain characterization confirmed the classical DNA-binding and HLH architecture.

Conclusion: This study demonstrates that bHLH family transcription factors play a central and conserved role in
regulating sesquiterpene lactone biosynthesis in sunflower. These factors act by binding to E-box motifs within
the promoters of key pathway genes (HaGAS, HaGAO, HaCOS, and HaG8H), forming a complex network of
gene interactions that coordinates responses to developmental and environmental signals. Phylogenetic evidence
and conserved motif analysis indicate that the function of these bHLH factors is similar across other plant species,
providing a foundational framework for targeted genetic engineering and enhancing the production of terpenoid
compounds with pharmaceutical and ecological applications.
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