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Abstract

Purpose:

Taraxacum kok-saghyz, as a herbaceous plant capable of synthesizing high-quality natural rubber, is a
promising alternative species to traditional rubber tree resources. The biomass and developmental status of
its roots directly determine the yield of natural rubber. Therefore, unraveling the molecular mechanisms that
regulate root growth in dandelion is key to improving its rubber-producing capacity. Previous studies have
shown that brassinosteroids play a central role in promoting plant growth, development, and secondary
metabolism. However, how BR signaling regulates rubber synthesis in this specific species, and the
downstream molecular network, particularly the key signaling components, remain to be systematically
elucidated. Thus, this study aims to determine the optimal concentration of exogenous BR treatment for
promoting rubber synthesis. Subsequently, multi-omics technologies will be employed to systematically
analyze the BR-induced transcriptional and metabolic reprogramming networks, with the goal of uncovering
potential pathways through which BR regulates rubber synthesis. Building upon this, potential key gene
families identified in the omics analysis will be characterized and subjected to bioinformatics analysis. Core
members among them will be cloned, their subcellular localization determined, and their functions validated
through overexpression experiments. This will allow the dissection of a possible signaling pathway in
dandelion from BR perception to downstream growth and development regulation, providing novel candidate
genes and a theoretical basis for targeted improvement of rubber production traits in dandelion.

Method:

This study begins by treating dandelion plants with different concentrations of BR, measuring root
rubber content and combining it with Oil Red O staining observation to determine the optimal treatment
concentration. Using this optimal concentration, time-course treatments are performed and root samples are
collected for transcriptomic and metabolomic sequencing and integrated analysis, systematically elucidating
the BR-induced gene expression reprogramming and metabolic network changes, from which the key
candidate gene TkGSK10 is screened. Based on whole-genome data, members of the GSK family to which
this key gene belongs are identified and subjected to bioinformatics analysis. The TkGSK0 gene is cloned,
expression vectors are constructed, and subcellular localization experiments are completed. Agrobacterium
rhizogenes-mediated genetic transformation is employed to obtain overexpression dandelion lines, and their
expression levels are verified by quantitative real-time PCR. Furthermore, by systematically measuring and
comparing phenotypes such as root length at different growth stages between overexpression lines and wild-

type plants, the role of the TkGSK 10 gene in regulating dandelion root development is analyzed.



Result:

(1) Through exogenous brassinosteroid (BR) treatment experiments, 0.1 mg/L was determined as the
optimal concentration for promoting rubber synthesis in dandelion roots. This treatment significantly
increased rubber content and induced stage-specific upregulation of key genes involved in rubber synthesis
in the roots, such as HMGR from the MVA pathway, DXS from the MEP pathway, and the rubber particle
protein genes CPT and SRPP.

(2) Integrated time-course analysis of transcriptomics and metabolomics revealed that BR treatment
drove metabolic reprogramming in the dandelion root system, exhibiting stage-specific characteristics: early
activation of primary metabolism and defense responses, mid-term enrichment of secondary metabolites such
as phenylpropanoids, and later integration of terpenoid and lipid signaling molecules. The combined analysis
found that the expression of the homolog of BIN2, a key factor in the BR signaling pathway, was suppressed,
and its expression dynamics were highly coordinated with the activation of the downstream rubber synthesis
metabolic network.

(3) A total of 10 glycogen synthase kinase (GSK) gene family members were identified from the
dandelion whole genome. Phylogenetic analysis classified them into four clades, among which TkGSK10
showed the closest phylogenetic relationship to the BIN2 protein in Arabidopsis. Bioinformatics analysis
indicated that TkGSK10 encodes a nuclear-localized protein, and its promoter region contains cis-acting
elements responsive to various hormones and abiotic stresses.

(4) The TkGSK10 gene was successfully cloned, and by constructing a fusion expression vector and
performing transient transformation experiments, it was confirmed that its encoded protein localizes to the
nucleus.

(5) Agrobacterium rhizogenes-mediated genetic transformation was used to obtain stable dandelion lines
overexpressing TkGSK 10 (referred to as OE-TkGSK 10 lines). Expression levels in these lines were 5-6 times
higher than in the wild-type. Phenotypic analysis showed that OE-TkGSKI0 significantly inhibited root
elongation, and this inhibitory effect increased over time. By the 12th week of growth, the average root length
of the OE-TkGSK 10 lines was only about half that of the wild-type.

Conclusion:

(1) The optimal concentration of exogenous brassinosteroid (BR) for promoting natural rubber synthesis
in dandelion was determined to be 0.1 mg/L, and its mechanism of action was elucidated from both
transcriptional and metabolic perspectives. Transcriptome analysis revealed that BR treatment induced stage-
specific upregulation of key rubber synthesis genes, such as HMGR and DXS from the MVA and MEP
pathways, respectively, and the rubber particle protein genes CPT and SRPP. Metabolome analysis further
confirmed that BR triggered a systematic reprogramming from primary metabolism to secondary metabolites,

including terpenoids.



(2) By integrating multi-omics data, the BR-regulated metabolic network and gene expression dynamics
were systematically deciphered. A key finding was the sustained suppression of the homolog of BIN2, the
core negative regulator in the BR signaling pathway (TkA08G394890), whose dynamic expression pattern
was highly synchronized with the activation of the downstream rubber synthesis metabolic network. This
suggests that this gene serves as a potential hub connecting BR signaling to rubber synthesis metabolism.

(3) A systematic identification of the glycogen synthase kinase (GSK) gene family in dandelion,
comprising 10 members, was completed, with a focus on TkGSKI0. It was confirmed to encode a nuclear-
localized protein, and its promoter region is enriched with various hormone- and stress-responsive cis-
elements, providing sequence-based evidence for its involvement in complex signal integration.

(4) Using Agrobacterium rhizogenes-mediated transformation, stable dandelion lines overexpressing
TkGSK10 (OE-TkGSK10) were successfully obtained. Phenotypic analysis demonstrated that TkGSK10
overexpression significantly inhibited root elongation, a function consistent with its Arabidopsis homolog
BIN2, which acts as a negative growth regulator.

Key words: Brassinosteroids; Taraxacum kok-saghyz; BR Signaling Pathway; GSK Protein Family;

Root Development
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