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Abstract

Background Taraxasterol, a pentacyclic triterpenoid compound, has been widely used in traditional and modern
medicine because of its pharmacological properties such as anti-inflammatory, antioxidative and antitumor effects.
2,3-oxidosqualene cyclase (OSC) is highly important for the generation of phytosterols and triterpenoid compounds
and the structural diversity of natural products. However, the specific role of TmOSCs in the taraxasterol biosynthesis
pathway has not yet been precisely resolved.

Results In this study, 10 TmOSC gene family members were identified via the Taraxacum mongolicum (dandelion)
genome and classified into three subgroups. Phylogenetic and collinearity analyses revealed evolutionary
conservation among OSC proteins from Asteraceae species. RNA-seq data analysis revealed that TmOSC8 and
TmOSCT0 were highly expressed in nutrient-containing tissues. In addition, methyl jasmonate (MeJA) and abscisic
acid (ABA) significantly induced the expression of TmOSC3, and the change in its relative expression was consistent
with the taraxasterol content. The relative expression level of the TmOSC8-overexpressioning line was significantly
increased by approximately 20 fold compared with that of the wild type, and the content of taraxasterol was
significantly increased to 3 fold greater than that of the wild type.

Conclusion This study systematically analyzed the evolutionary characteristics and expression patterns of the
TmOSC gene family, suggested potential key roles of TmOSC3 and TmOSC8 in sterol synthesis and stress response, and
provided a preliminary theoretical basis for the metabolic engineering of medicinal components in dandelion.
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Introduction

Dandelion is a perennial herb in the Asteraceae family
that is widely distributed in China. It is valued in tradi-
tional medicine for its diverse secondary metabolites,
which exhibit significant biological activities [1]. These
metabolites underlie not only have medicinal properties
but also play crucial roles in environmental adaptation
and defense [2, 3]. Advances in biotechnology have led to
increased focus on the functions of secondary dandelion
metabolites and their regulatory mechanisms [4]. Tarax-
asterol, a pentacyclic triterpenoid compound, is pre-
dominantly found in the roots of dandelion. Its molecular
formula is C;,H;,0, and its molecular structure is highly
similar to that of steroid hormones containing cyclo-
pentane and polyhydrophenanthrene [5]. Triterpenoid
compounds are synthesized through two pathways:
the mevalonate (MVA) pathway in the cytoplasm and
the methylerythritol phosphate (MEP) pathway in the
plastid [6]. Taraxasterol enhances cellular antioxidant
capacity and regulates the expression of apoptosis- and
autophagy- related genes by activating the nuclear fac-
tor erythroid-derived 2-like 2 (Nrf2) signaling pathway,
thereby alleviating aflatoxin Bl-induced liver injury [7].
Bao demonstrated that taraxasterol inhibits the growth of
hepatocellular carcinoma by increasing the expression of
histidine triad nucleotide binding protein (HINT), which
regulates gene and cell cycle protein expression. They
also suggested that taraxasterol might be a candidate for
the treatment of human hepatocellular carcinoma [8].
Many natural active ingredients in plants, such as tarax-
asterol, have anti-inflammatory, anti-oxidative [9] and
antitumor properties [10] and are less likely to induce
drug resistance [11]. Taraxasterol can be used alongside
antibiotics to increase their efficacy and reduce antibi-
otic use, indicating broad application prospects. Given
the important medicinal value of taraxasterol and its low
abundance, research on the biosynthesis and metabolic
engineering of plant-specific triterpenoids is becoming
increasingly important.

Oxidosqualene cyclase (2,3-oxidosqualene cyclase,
OSC), as a key enzyme in the triterpene metabolic path-
way, catalyzes the formation of a variety of triterpene
skeletons, which can be further modified to form a wide
range of biologically active triterpenes [12]. OSCs play an
important role in the sterol synthesis pathway, therefore,
by regulating the activity and expression level of oxidized
squalene cyclase, the synthesis yield and type of sterol can
be effectively regulated [13]. In several studies, the OSC
gene family was initially investigated in numerous plants.
Thirty-nine OSC genes which are highly conserved, have
been identified in the heterozygous hexaploid plant.

Triticum aestivum (T. aestivum), and some members
of this gene family are associated with powdery mildew
resistance [14]. In the medicinal plant Melia toosendan
(M. toosendan), six OSC genes were identified by ana-
lyzing the expression profile of OSC genes in relation
to metabolites, of which MtOSCI plays a crucial role in
catalyzing the generation of cynarin biosynthesis [15].
It has also been reported in Phellodendron amurense
[16], Momordica charantia (M. charantia) [17], Rosa
rugosa (R. rugosa) [18] and Oryza sativa (O. sativa) [9].
Although these studies provide important clues to the
mechanism of triterpene synthesis, the specific synthesis
mechanism of taraxasterol remains unclear, and studies
on the specific biosynthesis pathways of OSCs for active
ingredients in plants, such as dandelion, are extremely
limited. Secondary metabolites, which are ubiquitously
distributed in medicinal plants, are primarily categorized
into three classes: phenolic acids, terpenoids, and nitrog-
enous compounds. Environmental stresses, including salt
stress, drought stress, mechanical wounding, and patho-
gen infection, have been shown to trigger the accumula-
tion of these metabolites [19, 20]. Among these, MeJA
has been shown to induce the accumulation of secondary
metabolites in several plant species [21, 22]. For example,
MeJA has been shown to increase taraxasterol content in
dandelion root suspension cells [23], induce more effec-
tively in Astragalus membranaceus hairy roots [24], and
promote triterpene ganoderic acid (GAs) biosynthesis
in Ganoderma lucidum [25]. However, the link between
TmOSC genes and MeJA-induced taraxasterol synthesis
in dandelion remains unclear.

Oxidative stress accompanies all stages of biosynthesis,
and when an organism is subjected to oxidative stress,
overexpressed reactive oxygen species (ROS) and reactive
nitrogen radicals cannot be scavenged in a timely man-
ner, thus disrupting overall biosynthetic homeostasis [9].
Taraxasterol has been reported to have significant thera-
peutic effects in the treatment of acute pneumonia by
lowering the lung index, ameliorating lung pathological
damage, and decreasing lipid peroxidation and malondi-
aldehyde (MDA) production [10]. Taraxasterol can also
enhance immune system function and antioxidant capac-
ity by increasing the activity of glutathione reductase
(GSH), thus preventing cigarette smoke (CS)-induced
pneumonia in mice [26]. In addition, taraxasterol can
attenuate lipid peroxidation, reduce the serum MDA
content, and increase GSH and superoxide dismutase
(SOD) activities in immunologically hepatic-injured
mice, thereby alleviating immune hepatic injury by
reducing oxidative stress [9]. Taraxasterol also inhibited
the production of ROS in a mouse model of colitis, and
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the strength of its inhibitory effect was positively corre-
lated with its concentration [27]. This study investigated
the origin and gene function of TmOSC genes in depth,
revealing their specific role in taraxasterol biosynthesis
by combining dandelion secondary metabolite function
with abiotic stress adaptation mechanisms.

In summary, this study utilized a range of techniques,
including bioinformatics analysis, gene expression profil-
ing, molecular biology techniques, and physiological and
biochemical assays. By mining the genomic data of dan-
delion, we aimed to identify 7mOSC gene family mem-
bers, analyze their properties and conserved motifs, and
decode their expression patterns across tissues and under
abiotic stress via transcriptome sequencing and quantita-
tive real-time PCR (qRT-PCR). We will also validate the
effects of TmOSCs on taraxasterol synthesis and stress
resistance through gene overexpression. This study pro-
vides a theoretical basis for the molecular breeding of
crops with high taraxasterol contents, enhances their
antioxidant capacity and yield, and provides insights into
stress-resistant breeding in other crops.

Methods

Plant material and hormone treatment

Plants and seeds of dandelion were provided by the Col-
lege of Life Sciences, Shihezi University. In the labora-
tory, the plants were cultured in a greenhouse (24 +2 °C;
photoperiod: 16 h light/8 h dark) for three months. Uni-
formly grown dandelion plants were precultured in Hoa-
gland’s medium for 2 days. After 2 days, the plants were
treated with 500 uM MeJA or 100 uM ABA, and five time
periods of 0, 3, 6, 12, and 24 h were selected, with three
biological replicates performed for each group. Using
3-month-old dandelion plants as experimental materi-
als, their root and leaf tissue samples were collected after
treatments at the respective time points. The samples
were immediately frozen in liquid nitrogen and stored
at -80°C for subsequent analysis of relative gene expres-
sion and compound detection. Nicotiana benthamiana
(N. benthamiana) were grown in a plant culture room
at 24 °C under a 16/8 h (light/dark) photoperiod for one
month and then used for subcellular location analysis.

TmOSC gene family identification

To identify the TmOSC gene, we first obtained the lat-
est reference genome information [28]. Using the AtOSC
protein [29] as a query sequence, we performed a
BLASTP search against the dandelion genome (Genome
Warehouse database, accession number: GWHB-
CHGO00000000) to retrieve OSC protein sequences, with
an e-value threshold set to 1 x 107°, generating a candi-
date dataset of TmOSC proteins [30]. The hidden Mar-
kov models (HMMs) PF13243 and PF13249 for OSC
proteins were downloaded from Pfam (http://pfam.xfam
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.org/, accessed on 30 June 2025), and the Hmm-search
tool [31] with default parameters was used to screen the
entire dandelion proteome. The filtered sequences were
subsequently subjected to BLAST analysis, and the OSC
gene sequences with an e-value < 107 and the longest
transcripts were selected for subsequent analysis. Using
the HMM-search template in TBtools software, all OSC
members with conserved superfamily domains were
identified from the protein data, with an e-value thresh-
old of 107°. To validate domain integrity, redundant
sequences lacking complete OSC superfamily domains
(SQHop_cyclase_C and SQHop_cyclase_N) were filtered
out via NCBI-CDD (https://www.ncbi.nlm.nih.gov/Struc
ture/cdd/, accessed on 30 June 2025) [32], InterProScan
(http://www.ebi.ac.uk/Tools/pfa/iprscan/, accessed on 30
June 2025), and SMART (https://smart.embl.de/smart/ba
tch.pl, accessed on 30 June 2025) [33], finally yielding the
TmOSC gene family members.

The molecular weight (MW) and isoelectric point (pI)
of OSC proteins were predicted via ExPaSy (https://ww
w.expasy.org/, accessed on 30 June 2025) [34] and WoLF
PSORT (https://www.genscript.com/wolf-psort.html,
accessed on 30 June 2025) [35], whereas while the sub-
cellular localization of TmOSC proteins was analyzed
via the Cell-PLoc 2.0 tool (http://www.csbio.sjtu.edu.cn/
bioinf/Cell-PLoc-2/, accessed on 30 June 2025) [36]. The
secondary structure of the TmOSC proteins (Figure S1)
was predicted and analyzed via the SOPMA server (htt
ps://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=n
psa_sopma.html, accessed on 30 June 2025). Finally, the
three-dimensional structure of the protein was predicted
via homology modeling, modeled via SWISS-MODEL (h
ttps://swissmodel.expasy.org/, accessed on 30 June 2025)
[37], and visualized via PyYMOL software (Figure S2).

TmOSC protein and its gene structure, conserved structural
domains and phylogenetic analysis

The motif composition and distribution of the TmOSC
proteins were characterized via MEME (https://meme-s
uite.org/meme/tools/meme, accessed on 30 June 2025)
[38] to resolve their conserved motifs. The parameters
were set as follows: the optimal motif width was set to >
6 and < 50; and the number of motifs was set to 10. The
signal peptides and transmembrane structural domains
of the TmOSC proteins were predicted via Signal 6.0 (
https://services.healthtech.dtu.dk/services/SignalP-6.
0/, accessed on 30 June 2025) [39]. The sequences were
obtained from TAIR (https://www.arabidopsis.org/,
accessed on 30 June 2025), the Ensembl database (http:
//plants.ensembl.org/index.html, accessed on 30 June
2025) and the Genome Archive database (https://ngd
c.cncb.ac.cn/gwh/, accessed on 30 June 2025) and the
National Center for Biotechnology Information (https:/
/www.ncbi.nlm.nih.gov/, accessed on 30 June 2025). The
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same methodology used for the identification of TmOSC
gene family members was used to screen for OSC mem-
bers. To explore evolutionary relationships, multiple
sequence comparisons of OSC proteins from different
species obtained from the screening were performed via
Clustal W software [40, 41], and then a phylogenetic tree
was subsequently constructed via the maximum likeli-
hood estimation (ML) method via MEGA version 11
software [42]. To assess the reliability of the phylogenetic
tree, the bootstrap value was set to 1000 repetitions. Evo-
lutionary trees were visualized and annotated via the
online software iTOL (https://itol.embl.de/, accessed on
30 June 2025) [43].

Collinearity analysis of OSC genes and promoter analysis of
TmOSC genes

The TBtools software was used to retrieve the OSC gene
ID files of dandelion, Taraxacum koksaghyz (1. koksa-
ghyz), Helianthus annuus (H. annuus), Lactuca sativa (L.
sativa), and Artemisia argyi (A. argyi). The Gene Loca-
tion Visualization plugin was subsequently employed
to perform visual chromosomal mapping of OSC genes
in each species. Gene duplication events were analyzed
via MCScanX with default parameters to investigate the
collinearity of OSC genes among these species [44]. The
2000 bp upstream of the start codon (ATG) was inter-
cepted from the dandelion reference genome, and the cis-
acting elements in the promoter region were predicted
via the online tool PlantCARE (http://bioinformatics.p
sb.ugent.be/webtools/plantcare/html/). The HeatMap
plugin of TBtools was used for visual analysis of the cis-
acting elements in the 7mOSC genes.

Overexpression and subcellular localization of TmOSCs
The full-length coding sequence (CDS) of the target
genes (TmOSC3,TmOSC8 and TmOSC10), isolated from
dandelion, were amplified by PCR using gene-specific
primers containing Sma [ and Sal I enzyme cleavage
sites. The amplified fragments were inserted into the
pCAMBIA1300-GFP vector to construct the TmOSC-
eGFP fusion expression vector, which was verified by col-
ony PCR (primer-targeted vector insertion ligation) and
Sanger sequencing, The verified recombinant vector was
transformed into Agrobacterium tumefaciens GV3101
by freeze-thaw method for subsequent infection experi-
ments on dandelions. After agroinfection, the infected
dandelion explants were transferred to selective regen-
eration medium supplemented with 25 mg/L hygromycin
B and subcultured every 14 days. Following 8—10 weeks
of continuous selection and cultivation, resistant shoots
were induced and rooted to obtain putative transgenic
plantlets.

To confirm successful transgene integration and

expression, molecular identification was conducted
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on resistant plants. For genomic PCR verfication, total
genomic DNA from young leaves of putative transfor-
mants was amplified with specific primers flanking the
TmOSC-eGFP fusion fragment; a target band confirmed
stable exogenous gene integration into the dandelion
genome. For qRT-PCR verification, total RNAfrom the
same leaves was reverse-transcrbed into c¢cDNA, and
gene-specific primers targeting the TmOSC gene, eGFP
tag and endogenous Actin reference gene were used to
quantify exogenous TmOSC expression (Table S6). Only
plants positive for both assays were identified as trans-
genic lines.

In order to conduct the transient overexpression test,
the CDS sequence with the stop codon removed was
reorganized and transformed according to the above
method. The positive clones were resuspend in the infil-
tration buffer (10 mM MES, 10mM MgCl,, 200 uM ace-
tylsyringone, pH 5.6) until the OD was 0.6. Cultivate in
the dark at room temperature for 2 h, and then perme-
ate the bacterial suspension on the abaxial surface of
4-week-old N. benthamiana leaves. After incubation
in the dark for 48 h, fluorescent signals in the epider-
mal cells of N. benthamiana leaves were observed via a
laser confocal microscope (Nikon, Tokyo, Japan). The
pCAMBIA1300-35 S-NES-mCherry plasmid (source:
Pytbio, China) was used as a cytoplasmic marker in the
experiment.

RNA isolation and related gene expression analysis

Total RNA from the samples was extracted for qRT-
PCR via TRIzol reagent (Invitrogen, Carlsbad, CA, USA).
c¢DNA synthesis was performed via the FastQuant First
Strand cDNA Synthesis Kit (Tiangen, Beijing, China). A
LightCycler 480 Real-Time PCR system (Roche, Basel,
Switzerland), a qPCR kit (Vazyme) and a Roche LightCy-
cler instrument were used for qRT-PCR. Three biologi-
cal replicates were used for each treatment. qRT-PCR
primer design was performed via Prime5 software, ver-
sion v5.00 (PREMIER Biosoft, San Francisco, CA, USA)
(Table S6). TmACTIN was used as an internal reference
gene and the data were analyzed via the 2744 method
[45]. Statistical analysis was performed via SPSS 22.0
software (SPSS Inc., Chicago, IL, USA). Statistical dif-
ferences between measurements at different times and
between treatments were analyzed via Duncan’s multiple
extreme difference test. Differences were considered sig-
nificant at the p < 0.05 probability level.

RNA-Seq analysis and determination of plant physiological
indicators

The raw RNA sequencing raw data for leaves, roots, and
flowers in the dandelion (SRP512321, https://www.ncb
i.nlm.nih.gov/bioproject/PRINA1117572/) and the raw
RNA sequencing data for RNA treated with ABA for
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different time periods (SRP387218, https://www.ncbi.
nlm.nih.gov/bioproject/PRJNA860343/) were obtained
from the NCBI’s publicly available data. The raw data
were converted to fastq format via the SRA Toolkit v2.9.
Subsequently, Trimmomatic-0.39 was employed to per-
form quality trimming on the raw reads. After quality
checking, the clean reads were aligned to the dandelion
reference genome via StringTie v2.1.3 to calculate gene
expression levels. Gene expression was quantified as log2
(transcripts per million (TPM) + 1)), where TPM repre-
sents transcripts per kilobase of exon model per million
mapped reads. On the basis of the average TPM values
from three biological replicates, a gene expression heat-
map was generated via TBtools software.

Catalase (CAT),, peroxidase (POD), MDA and SOD
were measured via the Physiological Indicator Assay Kit
(Solarbio Beijing, China). The results are presented as the
means + standard deviations (SD) and were analyzed and
plotted via Duncan’s multiple range test (*p < 0.05) via
GraphPad Prism software (version 8.0.2). Histochemical
staining for ROS in young leaf sections of dandelion was
performed using a solution of diaminobenzidine (DAB)
and nitro-tetrazolium blue chloride (NBT, p-Nitro-Blue
tetrazolium chloride). The relative intensities of the
DAB staining were calculated as described in a previous
study [46] via the Image] software to measure the relative
intensity of DAB and NBT staining.

Extraction and content analysis methods for total
triterpenes and taraxasterol

The total triterpenes content was measured via a ferric
thiophosphate color reagent prepared by dissolving 2.5 g
of FeCl; in 87% concentrated phosphoric acid, diluting it
to 100 mL, and then mixing 8.0 mL of this stock solution
with concentrated sulfuric acid to 100 mL. The mixture
was vigorously shaken with the extract, and allowed to
stand for 15 min, after which the absorbance was mea-
sured at 538 nm. Analysis of taraxasterol was performed
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according to high-performance liquid chromatography
(HPLC) standard protocols [47].

Results

Identification and classification of TmOSC gene family
members in dandelion

Through AtOSC protein sequence alignment, motif-
based screening, and transcript deduplication, we iden-
tified 10 OSC family members in the dandelion genome
(Table 1). According to the order of OSC gene localiza-
tion on chromosomes, named 7TmOSCI-TmOSCIO
(Table S1), the TmOSCs were distributed on three of the
eight chromosomes (Chr3, Chr7, and Chr8), with the
majority of the members located in the Chr7 gene cluster,
TmOSC1 was located in the Chr3 gene cluster, whereas
TmOSC10 was distributed in the Chr8 gene cluster. We
predicted and analyzed the structure of the TmOSC pro-
teins, and the secondary structures of the members were
dominated by a-helical structures, which accounted for
42.66% to 48.11% of the total (Figure S1). The diversity
of protein tertiary structures originates from the differ-
ent combinations of secondary structures, and there was
a high similarity between the TmOSC7 and TmOSC8
proteins in the conformation formed by spatial folding
(Figure S2). The predicted results of the trans-membrane
structural domain analysis revealed one trans-membrane
structural domain in each of the TmOSC3 and TmOSC6
proteins, whereas the remaining proteins did not have
trans-membrane structures (Figure S3). The physico-
chemical properties of each member of the 7mOSC were
subsequently analyzed, including the isoelectric point
of the protein sequence, molecular weight, number of
amino acids, open reading frame, and stability constants.
The molecular weights of the TmOSCs ranged from
69.46 kDa to 92.80 kDa, and the number of amino acids
ranged from 607 bp (TmOSC2) to 804 bp (TmOSC5). The
full length of the open reading frame ranged to 1824 bp
(TmOSC2) to 2415 bp (TmOSCS). In addition, the iso-
electric points of the 7TmOSC members ranged from 5.54

Table 1 Overview and molecular characterization of the members of the TmOSCs in dandelion

Gene name Gene ID pl MW aa ORF/bp Instability Aliphatic GRAVY Predicted location
(kDa) index index
TmQOSC1 GWHPBCHG024441 6.28 86.19 758 2277 37.52 8340 -0.25 Cyto
TmOSC2 GWHPBCHG054796 6.19 69.46 607 1824 44.44 73.79 -0.33 Cyto
TmOSC3 GWHPBCHG054802 6.36 77.01 671 2016 41.38 77.76 -0.35 Cyto
TmOSC4 GWHPBCHG054809 6.00 86.91 758 2277 3830 76.33 -0.38 Cyto
TmOSC5 GWHPBCHG054822 637 92.80 804 2415 3742 7391 -045 Cyto
TmOSC6 GWHPBCHG055152 555 7333 638 1917 4426 76.90 -0.37 Cyto
TmOSC7 GWHPBCHG055195 554 88.60 770 2313 4045 79.16 -042 Cyto
TmOSC8 GWHPBCHG055200 573 88.80 769 2310 39.02 78.86 -043 Cyto
TmOSC9 GWHPBCHG058221 5.86 87.16 760 2283 47.54 78.57 -0.30 Cyto
TmOSC10 GWHPBCHG067314 5.74 87.98 766 2301 41.20 7742 -0.37 Cyto

pllsoelectric point, MW Molecular weight, aa Number of amino acids, ORF Open reading frame, GRAVY Grand average of hydropathicity, Cyto Cytoplasm
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(TmOSC7)-6.37 (TmOSCS5) and all the members were
acidic proteins (pI<7). Four proteins, namely, TmOSCI,
TmOSC4, TmOSCS5, and TmOSC8, were more stable,
with an instability index of <40.0. The predicted lipid
indices of the family members revealed that the TmOSC
proteins were highly stable, with the highest lipid index
of 83.4 for TmOSCI and the lowest of 73.79 for TmOSC2.
The total mean grand average of hydrophilicity (GRAVY)
of the TmOSC family members was less than 0, indicating
that the TmOSC proteins were hydrophilic. Subcellular
localization predictions revealed that all proteins were
localized in the cytoplasm (Table 1).

Analysis of conserved motifs, domains, and gene
structures of TmOSC genes in the dandelion

Protein structure analysis revealed that TmOSCs con-
sisted of a total of three subgroups (Fig. 1. A), TmOSC2,
3, 4, and 5 were from the same subgroup, but TmOSC2
lacked motif 10 and TmOSC3 lacked motif 5; TmOSC6,
10, 7, and 8 were from the same subgroup, and the distri-
bution positions of motifs in the three genes were roughly
similar, but TmOSCS6 still lacked motif 10. TmOSC1 and
TmOSC9 were from the same subgroup, and there were
two motif 6 s in TmOSC1. The conserved motifs indi-
cated that all the TmOSCs contained eight motifs except
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for motif 10 and motif 5 (Fig. 1. B). The exon number of
the TmOSCs ranged from 13 to 20 exons, and the fixed
exon number of the SQHop_cyclase_C and/or SQHop_
cyclase_N structural domains indicated that the protein
structure of the TmOSCs is conserved (Fig. 1. CD). The
majority of TmOSCs structural domains comprising 3-8-
6-5 motifs (corresponding to SQHop_cyclase_C) and
7-2-1-9-4 motifs (corresponding to SQHop_cyclase_N)
were shown to be highly aligned in the motif analysis
(Table S2).

To explore the evolutionary process of the TmOSC pro-
teins, the amino acid sequences were compared, with a
focus three highly conserved sequences: the QXXXXXW
motif, DCT (A/G) E motif, and MWC (Y/H) CR (Fig-
ure S4). Alignment analysis revealed that the TmOSC
members contained 3 to 5 highly conserved repetitive
QXXXXXW motifs.

Phylogenetic analysis of TmOSC proteins

To clarify the evolutionary relationships of OSC proteins
across diverse plant species, we constructed a phyloge-
netic tree incorporating dandelion and several reference
organisms: model plants (O. sativa, N. benthamiana, Ara-
bidopsis thaliana (A. thaliana)) and closely related Astera-
ceae species (L. sativa, H. annuus, T. koksaghyz). This
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full-length sequences of the TmOSC proteins. B The conserved motifs of the TmOSC proteins include 10 motifs distinguished by specific colors, which
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Intron—exon organization of the TmOSC gene. Pink boxes represent CDSs; green boxes represent UTRs
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comparative analysis enabled a comprehensive under-
standing of OSC protein divergence and conservation
within the Asteraceae family and across broader plant
lineages (Table S3). On the basis of sequence similarity
and phylogenetic analysis, the OSC proteins were mainly
divided into four main clades, with 26, 31, 12, and 20 pro-
teins in evolutionary Clades 1-4 (Fig. 2. A). TmOSC1 was
clustered in Clade 1, TmOSC9 was clustered in Clade
2, TmOSC2, TmOSC3, TmOSC4, and TmOSC5 were
focused in Clade 3 and TmOSC6, TmOSC7, TmOSCS,
and TmOSC10 were focused in Clade 4. OsOSCs were
all clustered in Clade 1, whereas most AtOSC proteins
were distributed in Clade 3, indicating a more conserved
evolutionary relationship. In contrast, OSC proteins from
L. sativa, H. annuus, and T. koksaghyz—species more
closely related to dandelion—were more closely grouped
with TmOSC:s, indicating a closer interspecific evolution-
ary relationship among their OSC proteins. Phylogenetic
analysis of OSC gene family members from dandelion
and published non-Asteraceae species (R. rugosa, M.
toosendan, T. aestivum, and M. charantia) revealed a
five-clade phylogenetic tree (Fig. 2. B). Species-specific
conservation was evident: most T. aestivum OSCs clus-
tered in Clade 4, whereas TmOSCs predominantly occu-
pied Clade 3. These results suggest that TmOSCs exhibit
greater evolutionary distance from OSCs in non-Astera-
ceae families, highlighting lineage-specific diversification
within the Asteraceae.

W Oryza sativa
 Lactuca sativa
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Collinearity analysis of the TmOSC genes

To assess the covariate distribution relationships in
dandelion and the Asteraceae relatives T. koksaghyz, H.
annus, and L. sativa, we analyzed the chromosomal local-
ization distributions of the OSC gene family in different
species (Figure S5) and their evolutionary relationships
(Fig. 3). The results revealed that the distribution of OSCs
on each chromosome was heterogeneous, and in diploid
dandelion, the TmOSCs were distributed on three chro-
mosomes, Chr3, Chr7, and Chr8. In addition, the OSC
genes were distributed on three or more chromosomes in
species such as O. sativa, and dandelion which presented
three pairs of collinear OSC genes with T. koksaghyz and
four, three, and five collinear genes with L. sativa, H.
annus, and A. argyi, respectively, and all four species pre-
sented colinearities with 7mOSC1 and TmOSCI10 (Table
S4).

Analysis of cis-acting elements of the TmOSC gene family

Promoter cis-acting elements are important transcrip-
tion initiation binding regions that play significant roles
in the regulation of gene expression. Multiple classes of
cis-acting elements were identified in the 2000 bp region
upstream of the promoters of the 10 7TmOSC genes
(Table S5). These elements were grouped into five broad
categories: light-responsive, hormone-responsive, envi-
ronment-responsive, developmentally relevant, and pro-
moter-associated binding sites (Fig. 4. A). Among them,
promoter-associated binding sites accounted for the larg-
est proportion (47.68% of all elements), environmental
factors accounted for 10.98%, hormone-responsive sites
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Fig. 2 Phylogenetic tree of OSCs among different species. A Phylogenetic analysis of the OSC proteins of O. sativa, L. sativa, H. annus, N. benthamiana, A.
thaliana, T. koksaghyz and dandelion. Phylogenetic trees were drawn via the ML method with 1000 bootstraps. 89 genes were classified into four clades
(1-4) and identified with different colors. The blue rectangles represent O. sativa, the black check marks represent L. sativa, the orange rectangles repre-
sent H. annuus, the blue triangles represent N. benthamiana, the green circles represent A. thaliana, the green check mark represent T. koksaghyz and the
red stars represent dandelion. BR. rugosa, M. toosendan, T. aestivum, and M. charantia OSC proteins were phylogenetically analyzed with TmOSC proteins.
Phylogenetic trees were drawn via the maximum likelihood method with 1000 bootstraps. Where the black line star box represents R. rugosa, the black
line triangle box represents M. toosendan, the black line rectangle box represents T. aestivum and the black line circle box represents M. charantia
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accounted for 13.72%, and hormone-responsive ele-
ments accounted for a large proportion (Fig. 4. B); most
of the genes in all the family members contained ABA-
responsive elements, ABRE, ABRE3a, and ABRE4, as
well as MeJA-responsive elements, TGACG-motif and
CGTCA-motif, whereas TmOSC6 and TmOSC8 do not
contain response elements for ABA, and only TmOSCI,
TmOSC2, TmOSC4 and TmOSC6 contain response ele-
ments for MeJA (Fig. 4. C). The environmental response
element ARE is present in several OSC gene family
members and plays a key role in the antioxidant defense

mechanism (Fig. 4. D). These results suggest that 7mOSC
family members may play a role in plant growth and met-
abolic regulation.

Subcellular localization of TmOSC expression

To further explore the expression of TmOSC proteins
in cells, three genes tentatively identified as potential
key candidates through transcriptome data analysis of
dandelion for subsequent transient expression assays
(Figure S6. B). We then performed subcellular localiza-
tion to verify the specific locations where the proteins
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exert their functions. The TmOSC gene was ligated to
the pCAMBIA1300-eGFP vector via the primer OSCs-
T (Table S6) with the terminator removed, after which it
was coinfected with cytoplasmic markers and transiently
expressed in N. benthamiana. The green fluorescence of
the TmOSC-pCAMBIA1300-eGFP fusion protein and
the red fluorescence of the cytoplasmic markers in the
merged region indicated that TmOSC3, TmOSC8, and
TmOSC10 were located in the cytoplasm and distrib-
uted in the nucleus (Fig. 5), which is in agreement with
the results of the previous predictions of subcellular
localization.

Analysis of the gene expression pattern and physiological
indicators of TmOSC

To further explore the function of the TmOSC genes,
we treated dandelion with MeJA and designed primers
(Table S6) to detect the expression of OSC genes in dan-
delion root tissues using qRT-PCR. The revealed that the
expression of TmOSC3, TmOSC4, TmOSC5, TmOSC6,

mCherry

TmOSC8 -eGFP TmOSC3 -eGFP eGFP-Empty

TmOSC10-eGFP
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TmOSC7, TmOSC8, and TmOSC9 was significantly
upregulated in the root system after MeJA induction,
with TmOSC3 being the most upregulated gene, which
is hypothesized to play a key role in the MeJA regulatory
pathway. The addition of exogenous hormones activated
the expression of these genes to different degrees, and
TmOSC1, TmOSC2 and TmOSCI0 were gradually down-
regulated, all of which reached their lowest values at 12 h,
and then tended to be regulated. According to a related
study, the identification and quantification of taraxasterol
in dandelion after 500 uM MeJA treatment revealed that
the concentration of taraxasterol reached higher values at
3 hand 6 h, followed by a gradual decrease in the content
(Figure S6. A), which was consistent with the changes in
total sterol content (Fig. 6. B). Interestingly, the TmOSC3,
TmOSC4, TmOSC6, TmOSC8 and TmOSCIO0 genes pre-
sented the greatest expression at 3 h, and the TmOSC5
and TmOSC9 genes presented the greatest expression at
6 h (Fig. 6. A). A comparison of the transcriptome data
revealed that the expression of TmOSC8 and TmOSC10

Bright Field Merge

20pm

20pm

Fig. 5 Subcellular localization. eGFP was used as a control for comparison. All proteins were transiently expressed in N. benthamiana epidermal cells, and
the GFP signal was observed after 48 h of incubation. The cytoplasm was observed with mCherry-labeled cytoplasmic markers. Scale bar, 20 um
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was significantly greater than that of the other genes in
the dandelion leaves, roots and flowers (Figure S6. B).
These results suggest that these genes are involved in the
regulatory pathway of MeJA metabolism and regulate the
growth and development process in specific tissues.

To investigate the extent of cellular damage and the
activation of the antioxidant defense system in dande-
lion under MeJA treatment, we determined the CAT,
MDA, POD and SOD contents of dandelion roots (Fig. 6.
C) and leaf (Figure S7. A). Tissues subjected to different
treatments. The results revealed that under MeJA treat-
ment, the CAT and SOD activities in dandelion roots
peaked at 12 h, and the expression of MDA and POD
peaked at 24 h, with all four physiological indices show-
ing a decreasing and then increasing trend. Interestingly,
the changes in the CAT, POD, and SOD contents in the
leaves analyzed under MeJA treatment were consistent
with those observed in the roots (Figure S7).

In addition, we treated dandelion root tissues with
ABA and examined TmOSC gene expression (Fig. 7),
which revealed that most family members were signifi-
cantly upregulated by ABA induction. The upregulation
of TmOSC3 and TmOSC4 in the root system was greater,
which was consistent with the transcriptome data (Fig-
ure S6. B, Table S7). Interestingly, the expression levels
of TmOSC1, TmOSC2, TmOSC6, TmOSC7, TmOSCS8,

and TmOSC10 in roots all exhibited a pattern of first
decreasing and then increasing, but then decreasing
again at 24 h, with the lowest expression observed at 3 h.
Additionally, the total sterol content in dandelion roots
reached its lowest value at 3 h, at only 5 mg/g. To evaluate
cellular damage in ABA-treated dandelion, antioxidant
enzyme activities and lipid peroxidation were analyzed
(Fig. 7. C). CAT activity gradually decreased with pro-
longed ABA treatment but recovered at 24 h. POD activ-
ity decreased initially decreased but then increased,
mirroring the trend observed in TmOSC gene expression.
SOD activity peaked at 6 h, with no significant changes
compared with that at 0 h at the other time points. The
MDA content increased sharply at 3 h before declin-
ing, indicating transient membrane damage followed by
repair. The changes in the CAT, POD, and SOD contents
in the leaves under ABA treatment were consistent with
those expressed in the root, indicating that members of
the TmOSC family are involved in the regulation of the
ABA metabolic pathway to a certain extent. In conclu-
sion, the three genes TmOSC3, TmOSCS8, and TmOSCI0
may serve as key targets and have an impact on the syn-
thesis of taraxasterol.



Yang et al. BMC Genomics

(2026) 27:221

Page 11 of 16

TmOSC3 TmOSC4 TmOSCS

109 b 2.5+

£ 8 £ 2.0

Z z

8 ]

£ 6 £ 1.5+

g g

£ 4 2 10

= 5

g 2 £ 05

e
)
L

A TmOSCl1 TmOSC2
1.5+ 1.5+ 8
= = =
= 2 ¢ <
Z Z Z
3 1.0 £ 1.0 g
2 £ g
o = =
= Z z
v “ “
v v v
= & B
g 057 g 057 5
S S o
= [ [
0.0~ 0.0-
Oh  3h 6h 12h 24h Oh 3h 6h 12h 24h Oh
TmOSCé6 TmOSC7
2.0 2.0 0
b b
b b
= = =
S 1.5 2 1.5+ 2 1.5
(.4 £ =
E
-4 & B
Z 1.0+ 5 1.0 g 1.0
g £z z
z = =
= 054 0.5 0.5+
3z 0s 2 ]
0.0 0.0- 0.0
3 6h 12h 24h C Oh 3h 6h 12h 24h
8 200

150

100+

MDA activity(nmol/g)
2
1

Total triterpenes content(mg/g) w

6h

Oh  3h 12h  24h 0 3h 6h 12h 24h 0

3h 6h 12h 24h Oh  3h 6h 12h 24h Oh 3h 6h 12h 24h
TmOSC8 TmOSCY TmOSC10
1.55 2.0
s b =
= 2 154
2o g
B 2
& )
g Z 1.0+
@ @
£ 2
= 059 z
= < 059
(- -4
0.0- 0.0~
Oh 3h 6h 12h 24h Oh  3h 6h 12h 24h
8004 100

3h

804

60+

a
3
1

40+

POD activity(U/mg)
SOD activity(U/g)

2
i =

204

3h

6h 12h 24h 0

3h

6h 12h 24h 0 6h 12h 24h

Fig. 7 Gene expression patterns and physiological indices of TmOSCs under ABA treatment. A Relative gene expression levels of TmOSCs; (B) total sterol
content; (C) CAT activity, MDA content, POD activity and SOD activity. The data are expressed as means + SD of three biological replicates. The error bars
represent the means+ SE of three independent replicates. Values with different letters within the same column are significantly different at p <0.05, as

determined via Duncan’s multiple range test

Over-expression of TmOSC8 gene promotes taraxasterol
accumulation in dandelion

Induction of MeJA induction promotes triterpenoid
accumulation in dandelion, suggesting that MeJA may
regulate triterpenoid biosynthesis by activating related
signaling pathways. As the OSC is serves as a rate-limit-
ing enzyme in sterol biosynthesis and, based on its high
root expression (Figure S6. B), strong homology to cyclo-
artenol synthases [13], and conserved DCTAE motif,
TmOSC8 may serve as a key regulator in the sterol bio-
synthesis pathway and its cyclization diversifies terpenes,
we speculate that TmOSC8 may govern the biosynthesis
of taraxasterol in the dandelion. To elucidate whether
TmOSCS8 affects the production of taraxasterol, three
independent TmOSC8-overexpression lines (OE-2, OE-7,
and OE-16) were selected for further study (Fig. 8. A, Fig-
ure S8). The results of the qRT-PCR assay revealed that
the transcript level of the TmOSC8 gene in the roots of
the transgenic lines was significantly greater than that
in the control. Compared with those of the WT strains,
the TmOSC8 gene transcript levels of the OE2 and OE16
strains increased approximately 20-fold (Fig. 8. B). Com-
pared with the control, the OE7 strain presented as much
as a 60-fold increase in the TmOSC8 gene transcript level,
and the taraxasterol content was increased from 0.032 to

0.118 mg/g, which was 3.68-fold greater than that of the
control (Fig. 8. C, Table S8).

To investigate the extent of antioxidant damage to dan-
delion cause by overexpression of the TmOSC8 gene, we
determined the CAT, MDA, POD, and SOD contents
in the roots of the OE2, OE7, and OE16 overexpression
lines (Fig. 8. D), and the results revealed that the contents
of three enzymes, CAT, POD, and SOD, were signifi-
cantly greater than those in the control, while the MDA
content was significantly lower than taht in the control.
To investigate whether overexpression of TmOSC8 could
eliminate ROS to a certain extent, we used DAB and
NBT staining and showed that the staining density in the
young leaves of the overexpression lines was significantly
lower than that in the wild type lines, indicating that
overexpression of TmOSC8 could eliminate ROS from
the plant body (Fig. 8. E, F). These physiological indi-
ces, to some extent, indicate the increase in the cellular
antioxidant capacity of dandelion after overexpression of
TmOSCS gene.

Discussion

Dandelion has attracted much attention in the fields of
botany and pharmacology because of its rich medicinal
and edible value. Its biological properties and secondary
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metabolite biosynthesis pathways, especially the terpe-
noid synthesis network, have become the core direc-
tion of current research. In this study, we focused on the
genome-wide identification and sequence characteriza-
tion of members of the TmOSC gene family in dandelion,
aiming to reveal the regulatory mechanisms of the family
members in response to ABA and MeJA treatment, and
to provide new perspectives for analyzing the sterol syn-
thesis pathway. OSCs play key roles in the biosynthesis of
plant terpenoids, catalyzing the oxidative conversion of
squalene into a wide range of terpenoids including ste-
rols, triterpenoids, and sesquiterpenoids. Members of
the OSC gene family may be involved in the biosynthesis

of different terpenoids through functional differentia-
tion among members of dandelion. This study involved
a genome-wide analysis that identified a total of 10
OSC gene family members (Table 1). Sequence analysis
revealed that all the members harbored conserved motifs
typical of the OSC family. These include the DCTAE
motif, which is involved in substrate binding and proton-
ation; the MWCYCR motif, which determines substrate
folding modes and product types; and the QXXXXXW
motif, which affects enzyme stability and product pro-
files [48]. OSCs belong to a superfamily of enzymes that
are highly conserved in plants. Its conserved region
is capable of catalyzing the protonation, cyclization,
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rearrangement, and deprotonation of 2,3-oxidosqualene
to form various triterpene skeletons, such as « - amyrin
[49].

In the phylogenetic tree (Fig. 2), OSC proteins from
dandelion clustered closely with Asteraceae relatives such
as L sativa and H annuus, indicating a common ancestry
and shared selective pressures in triterpenoid biosynthe-
sis [50]. This conservation likely reflects critical func-
tional domains essential for metabolic roles. Conversely,
distant clustering with non-Asteraceae species (A. thali-
ana, T. aestivum) highlights family-specific divergence
driven by ecological adaptations and metabolic require-
ments [51]. Notably, TmOSCs lack intragroup collinear-
ity suggesting frequent chromosomal rearrangements
[52]. However, the widespread cross-species covariance
of OSC proteins between dandelion and other Astera-
ceae species implies that Asteraceae plants may have pre-
served conserved chromosomal segments or regulatory
modules along their coevolutionary clade. These genetic
elements likely act as key determinants for maintaining
the copy number and functional stability of OSC genes
[6] The above results provide important clues for resolv-
ing the evolutionary trajectory of the 7mOSC gene family
and its functional differentiation mechanism, especially
the dual pattern of intragroup rearrangement and inter-
family conservation, which may constitute a key evolu-
tionary strategy for adapting to environmental stresses
and maintaining terpene synthesis diversity in dandelion.

Cis-acting elements in the promoter region play a key
role in regulating plant growth, development, and biotic
and abiotic stress resistance. These include hormone
response elements including ABA (ABRE, ABRE3a,
ABRE4), MeJA (TGACG motif, CGTCA motif), and eth-
ylene (ERE) response elements, which may participate in
various hormone signaling pathways [53, 54]. Consistent
data from the referenced transcriptome and expression
profiles show that TmOSC3 was the most significantly
upregulated member under ABA stress, while TmOSC8
and TmOSCI0 exhibited markedly higher expression lev-
els in leaves, roots and flowers than other genes. Their
distinct expression patterns suggest that these genes are
potential key candidates involved in stress responses,
prompting us to further investigate their subcellular
function location. We treated dandelion with MeJA
at different time points and found that the expression
of TmOSC genes in roots changed dynamically, with a
10-fold increase in the expression of 7TmOSC3 at 3 h, a
5-fold increase in TmOSC4 during the same period, and
a 7-fold increase in TmOSC9 at 6 h (Fig. 6. A). Nota-
bly, the promoter regions of these genes (within 2,000
bp) respond directly to MeJA. The scarcity of elements
suggests that MeJA may regulate OSC gene expression
through an indirect pathway, which may involve the
mediation of other signaling molecules, transcription
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factors, or signaling pathways [47] and likewise does not
exclude posttranscriptional regulation [55]. These find-
ings align with previous reports showing that transcrip-
tion factors can modulate triterpenoid synthesis [47],
suggesting the complexity of the regulatory network of
plant secondary metabolism. As an important plant sig-
naling molecule, MeJA can regulate OSC genes through
indirect or direct pathways. MeJA alters secondary
metabolism gene expression in Melissa officinalis [56],
which is consistent with our findings in dandelion, where
MeJA induced dynamic 7mOSC expression (Fig. 6).
MeJA treatment also triggered oxidative stress in dande-
lion root, evidenced by increased MDA levels (Fig. 6. C),
which aligns with the ROS-mediated membrane dam-
age reported in other species [57, 58]. Notably, the MDA
content in dandelion roots exhibited a transient increase
followed by a decrease, which was negatively correlated
with the activities of antioxidant enzymes (CAT, POD,
and SOD) (Fig. 6. C). This biphasic response occurs in
O. sativa, where low MeJA levels activate defense path-
ways, whereas high MeJA levels exacerbate oxidative
damage via antioxidant enzyme inhibition [59]. The ini-
tial increase in MDA likely reflects unmanaged ROS pro-
duction, whereas subsequent enzyme activation, with
SOD as the first-line defense, mitigates stress, demon-
strating the adaptive antioxidant network of dandelion
[60]. Mechanistically, MeJA may bind intracellular recep-
tors to indirectly modulate OSC transcription indirectly,
possibly via transcription factors or posttranscriptional
regulation [50], given the scarcity of MeJA-responsive
elements in 7mOSC promoters. The temporal coordina-
tion of antioxidant enzymes, such as the priming of SOD
followed by the synergism of CAT and POD, underscores
plants’ multilayered defense strategies against oxidative
stress, balancing ROS scavenging and metabolic adapta-
tion. These findings increase our understanding of the
dual role of MeJA’s in stress signaling and triterpenoid
biosynthesis regulation.

The biosynthesis of triterpenoids begins with the gen-
eration of isopentenyl pyrophosphate (IPP) and dimeth-
ylallyl pyrophosphate (DMAPP) via the mevalonate
pathway (MVA). The construction of their core skeletons
relies on cyclization reactions catalyzed by OSCs. To
date, 152 OSCs from different plants have been reported
to catalyze the formation of 31 different triterpene skele-
tons. Among them, B-coumarinol synthase and lupulinol
synthase, among others, are the most widely function-
ally characterized isoforms, dominating the structural
diversity of plant triterpenes [6]. The TcOSCI enzyme
from dandelion catalyzes the generation of a variety of
triterpenoids via heterologous expression in yeast [61].
The tissue-specific downregulation of latex duct-specific
OSCs was achieved via RNA interference technology, and
rubber weed plants with reduced triterpenoid contents
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were successfully cultivated to reduce triterpenoids in
natural rubber by approximately 67% [62]. As a natural
product with strong physiological, pharmacological and
biological activities extracted from the dandelion, its con-
tent is extremely low, making it important to increase
its content. In transgenic lines overexpressing TaMYC2,
the taraxasterol content in dandelion was significantly
increased from 0.08 mg/g to 0.16 mg/g [7]. Under 500
UM MeJA stress in dandelion roots, it was found that the
changes in taraxasterol content were consistent with the
changes in total sterol content (Fig. 6, Figure S6). Previ-
ous studies have shown that L. sativa OSCs synthesize
pentacyclic triterpenes (o/p-amyrin, lupeol) [63], and
that these triterpenes possess defensive and anti-inflam-
matory activities [64]. Given the sequence and structural
homology between TmOSC and these OSCs, we infer that
TmOSC also triggers the cyclization of 2,3-oxidosqualene
in dandelion to generate conserved triterpene backbones,
which are further modified into species-specific defen-
sive metabolites via specialized enzymes. Thus, TmOSC
likely plays a core role in triterpene biosynthesis, pro-
viding critical metabolic defense for dandelion against
biotic stresses. This study revealed that overexpression
of the TmOSC8 gene triggered the plant’s antioxidant
defense system. Antioxidant enzymes (POD, SOD, and
CAT) significantly increased, whereas the ROS content
and MDA (a lipid membrane peroxidation product)
level were significantly lower than those in the WT (Fig.
8). Overexpression of the 7mOSC8 gene was associated
with enhanced catalytic conversion of oxidized squalene,
which contribute to the accumulation of taraxasterol. In
this study, through the combined screening via transcrip-
tome analysis and stress treatment, 7mOSC3, TmOSCS,
and TmOSC10 were identified as the core members of
taraxasterol, and the correlation between their expres-
sion patterns and hormone responses provided potential
targets for sterol synthesis. In the future, we need to com-
bine yeast two-hybridization and metabolic flow analysis
to elucidate the signaling intermediates through which
Me]JA regulates OSC gene transcription and the real-time
regulatory mechanism of posttranscriptional modifica-
tion of enzyme activity.

On the basis of these findings, we have gained a more
comprehensive understanding of the 7mOSC gene fam-
ily and determined that it may not only be involved in
the synthesis of taraxasterol, but also respond to a vari-
ety of biotic and abiotic stresses. Notably, most analyses
in this study rely on bioinformatics predictions; except
for the preliminary association between TmOSC8 over-
expression and taraxasterol accumulation, the actual
biological functions of other TmOSC family members
have not been validated by in vitro (e.g., enzyme activ-
ity assay) or in vivo (e.g., gene knockout/knockdown)
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functional experiments, and their predicted functions
await confirmation.

Conclusions

In this study, the OSC gene family of dandelion was com-
prehensively analyzed, and a total of 10 TmOSC fam-
ily members were identified. The basic physicochemical
properties, three-dimensional structural model, phy-
logeny, conserved structural domains, gene structure,
chromosomal localization, and cis-acting elements of the
TmOSCs were also analyzed via genomic and bioinfor-
matics techniques. Phylogenetic and homology analyses
of OSC proteins in different plants provide a reference for
the evolution of the OSC gene family in dandelion. The
tissue expression patterns of the TmOSC genes under
MeJA and ABA treatments were also analyzed, and the
increase in taraxasterol was associated with the overex-
pression of the TmOSC8 gene suggesting a potential role
in dandelion. This study provides useful information for
the study of the OSC gene family in dandelion, and these
findings will contribute to a better understanding of the
biological functions and molecular mechanisms of OSCs
in medicinal plants and lay a preliminary foundation for
functional studies and molecular breeding for genetic
improvement in dandelion.
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