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Abstract
To investigate the mechanism of action of the Cycloartenol Synthase gene in
the biosynthesis of Paeonia delavayi, this study employed RT-PCR technique
to clone, for the first time from Paeonia delavayi, a cycloartenol synthase gene
(PdCAS) containing a complete open reading frame. The gene has a full length
of 2,274 bp and encodes 757 amino acids. The PdCAS protein sequence ex-
hibits over 86% similarity with protein sequences from peach (Prunus per-
sica), Prunus yedoensis var. nudiflora, and grape (Vitis vinifera). Sequence
alignment analysis demonstrated that PdCAS possesses the typical DCTAE
domain of the oxidosqualene cyclase superfamily and the signature sequence
DGSWYGSWGVCFTYG characteristic of triterpene synthases. The PdCAS
protein from Paeonia delavayi clusters with CAS proteins from Rosaceae species
including apple (Malus domestica XP 008391430.1), pear (Pyrus bretschneideri
XP 009370034.1), rose (Rosa chinensis XP 024193310.1), Prunus yedoensis var.
nudiflora (PQQ11009.1), and peach (Prunus persica XP 007225240.1). Tran-
scriptional pattern analysis revealed that the PdCAS gene is expressed in all
tissues of Paeonia delavayi, with relatively higher expression levels in petals.
The PdCAS gene cloned in this study is closely associated with the synthesis of
sterol compounds in Paeonia delavayi.
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Abstract: To investigate the functional mechanism of cycloartenol synthase
(CAS) in sterol biosynthesis in Paeonia delavayi, we cloned a full-length CAS
gene with a complete open reading frame from P. delavayi using RT-PCR
technology for the first time. The full-length cDNA of the PdCAS gene was
2,274 bp, encoding 757 amino acids. The PdCAS protein sequence exhibited
over 86% similarity with sequences from peach (Prunus persica), Japanese
flowering cherry (Prunus yedoensis var. nudiflora), and grape (Vitis vinifera).
Sequence alignment analysis revealed that PdCAS possesses the typical DCTAE
motif of the oxidosqualene cyclase superfamily and the signature sequence
DGSWYGSWGVCFTYG of triterpenoid synthases. Phylogenetic analysis
showed that the P. delavayi PdCAS protein clustered with CAS proteins from
Rosaceae species including apple (Malus domestica XP_008391430.1), Chinese
white pear (Pyrus bretschneideri XP_009370034.1), Chinese rose (Rosa
chinensis XP_024193310.1), Japanese flowering cherry (Prunus yedoensis
var. nudiflora PQQ11009.1), and peach (Prunus persica XP_007225240.1).
Transcriptional pattern analysis indicated that PdCAS was expressed in all
tissues of P. delavayi, with relatively high expression levels in petals. The
PdCAS gene cloned in this study is closely related to the synthesis of sterol
compounds in P. delavayi.
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Introduction
Cycloartenol is a plant sterol compound widely distributed throughout the
plant kingdom. Recent studies have revealed that cycloartenol exhibits sig-
nificant pharmacological activities, including anti-inflammatory (Akihisa et al.,
2000), antioxidant (Islam et al., 2009), antitumor (Prakash et al., 2004), and
cholesterol-regulating effects (Fukuoka et al., 2014). It also serves as an im-
portant pharmaceutical intermediate and lead compound, representing a key
precursor for the biosynthesis and semi-chemical synthesis of phytosterols such

chinarxiv.org/items/chinaxiv-201908.00098 Machine Translation

https://chinarxiv.org/items/chinaxiv-201908.00098


as campesterol and steroidal saponins (Zhang et al., 2017). The content of
cycloartenol determines the efficiency of phytosterol biosynthesis, and it signifi-
cantly influences plant growth and development (Gas-Pascual et al., 2014).

Cycloartenol synthase (CAS) belongs to the oxidosqualene cyclase (OSC) family
and represents a key regulatory gene in the synthesis of cycloartenol and plant
sterols (Zhang et al., 2017; Liu et al., 2019). To date, CAS genes have been
isolated and cloned from over 20 plant species, including Eleutherococcus sen-
ticosus (Xing et al., 2012), Salvia miltiorrhiza (Li et al., 2013), and Astragalus
membranaceus (Chen et al., 2015), with functional validation through heterolo-
gous expression in some cases. However, no studies on the cycloartenol synthase
gene from Paeonia delavayi have been reported to date.

Paeonia delavayi belongs to the genus Paeonia in the family Paeoniaceae. The
root bark of Paeonia species is a traditional Chinese medicinal material com-
monly known as “mudanpi”or “danpi,”containing active components such
as phenols (e.g., paeonol), terpenoids, glycosides (e.g., paeoniflorin), and tan-
nins, with functions including anticoagulation, blood pressure reduction, anti-
inflammation, and central nervous system inhibition. As a peony group within
the Paeonia genus, P. delavayi is also widely used as an ethnic medicinal ma-
terial, with its root bark exhibiting antibacterial activity and applications in
analgesia, sedation, anti-inflammation, and treatment of female disorders (Wu
et al., 2002).

Based on transcriptome sequencing of P. delavayi, this study successfully cloned
the cycloartenol synthase (CAS) gene from P. delavayi, conducted bioinformatic
analysis, functional validation, and transcriptional pattern analysis, laying a
foundation for further investigation of CAS gene function in this species.

1.1 Experimental Materials

Paeonia delavayi plants were cultivated at the nursery base of Yunnan Academy
of Forestry. Roots, stems, leaves, seeds, flower buds (flowers completely enclosed
by calyx), buds with exposed petals, fully bloomed petals, and petals at the
withering stage (petals beginning to wilt) were collected and immediately frozen
in liquid nitrogen for preservation.

1.2 RNA Extraction and cDNA Synthesis

Total RNA was extracted from roots, stems, leaves, seeds, and flowers at var-
ious developmental stages of P. delavayi using a plant total RNA extraction
kit. RNA quality was assessed using 1% agarose gel electrophoresis, and RNA
concentration was measured using a NanoDrop™ 2000 spectrophotometer. The
RNA was then reverse-transcribed into cDNA and stored at -20°C for subse-
quent use.
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1.3 Cloning of the PdCAS Gene

Using the CAS gene from Cyclamen persicum as a template, BLAST searches
were performed against the transcriptome data of P. delavayi petals to obtain
the cDNA sequence of the P. delavayi cycloartenol synthase gene (PdCAS).
Based on this sequence, specific primers containing start and stop codons were
designed: PdCAS1F: 5’-ATGTGGAAGCTGAAGATCGC-3’and PdCAS1R: 5’
-TCAGGAGACTTGCAATACCC-3’.

Using P. delavayi petal cDNA as template and PdCAS1F/PdCAS1R as primers,
the full-length PdCAS gene fragment was amplified using EasyPfu DNA poly-
merase. After electrophoresis verification, the target fragment was ligated into
the pGMT vector, confirmed by PCR detection, and sent to Shanghai Sangon
Biotech for sequencing.

1.4 Protein Sequence Analysis of the PdCAS Gene

After obtaining the PdCAS gene cDNA sequence, the ORF Finder tool on
NCBI (http://www.ncbi.nlm.nih.gov/) was used to analyze and obtain its pro-
tein amino acid sequence, and ProParam was used to predict its physicochemical
properties. The protein amino acid sequence of PdCAS was used for BLAST
searches on NCBI to select plant cycloartenol synthase protein sequences with
high homology to PdCAS, and MEGA 6.0 was used to construct a phylogenetic
tree.

1.5 Expression Analysis of PdCAS Gene in Different Organs

Total RNA was extracted from various organs, flowers at different develop-
mental stages, and petals of different colors of P. delavayi using a plant total
RNA extraction kit. After assessing RNA quality and concentration via agarose
gel electrophoresis and NanoDrop™ 2000, respectively, the RNA was reverse-
transcribed to synthesize the first-strand cDNA. The expression of PdCAS in
different organs including roots, stems, leaves, and petals was then detected
using specific primers TPdCAS F (5’-TTGAGAGAGAAGGCTCTTCG-3’)
and TPdCAS R (5’-TCGATGAACATAGCAGCTCT-3’). After agarose gel
electrophoresis detection, the integrated absorbance of the PdCAS gene was
analyzed using GENE-SNAPS image analysis software for relative quantitative
analysis.

Results
2.1 RNA Extraction and PdCAS Gene Cloning

Total RNA was extracted from P. delavayi petals and other organs following
the plant total RNA extraction kit protocol, and reverse-transcribed into first-
strand cDNA for storage. Using primers PdCAS1F (containing the start codon)
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and PdCAS1R (containing the stop codon), with P. delavayi petal cDNA as
template, the cDNA fragment was amplified using EasyPfu DNA polymerase.
After electrophoresis verification, the target fragment was ligated into a cloning
vector and cultured overnight at 28°C, then transformed into E. coli DH5� com-
petent cells. Following colony PCR detection, the samples were sent to BGI
for sequencing. The full-length coding region cDNA of the P. delavayi CAS
gene was obtained, measuring 2,274 bp and encoding 757 amino acids, and was
designated as PdCAS.

[Figure 1: see original paper] Gene cloning of PdCAS from Paeonia delavayi

2.2 Protein Sequence Analysis of P. delavayi PdCAS Gene

The ORF Finder online program was used to predict the open reading frame
of PdCAS, and ProParam was used to predict its physicochemical properties.
The results showed that the protein consists of 757 amino acids with a molec-
ular weight of 86,117.2 Da and an isoelectric point of 6.12. The deduced 757-
amino-acid sequence was compared with known CAS protein sequences from
other plants. The results revealed that the P. delavayi PdCAS protein se-
quence exhibited 86.66% similarity with peach (Prunus persica) CAS, 86.66%
similarity with Japanese flowering cherry (Prunus yedoensis var. nudiflora)
CAS, and 86.49% similarity with grape (Vitis vinifera) CAS. Analysis of the
P. delavayi PdCAS protein sequence identified one typical DCTAE motif of the
oxidosqualene cyclase superfamily (Poraiia et al., 1994) and one signature se-
quence DGSWYGSWGVCFTYG of triterpenoid synthases (Xing et al., 2012)
([Figure 2: see original paper]).

[Figure 2: see original paper] Alignment of CAS protein sequences. Note:
Pd, Paeonia delavayi; Vv, Vitis vinifera (accession No. XP_002264289.1); Pp,
Prunus persica (accession No. XP_007225240.1); Py, Prunus yedoensis var.
nudiflora (accession No. PQQ11009.1); Black box, conserved site.

To investigate the molecular evolutionary status and phylogenetic relationships
of P. delavayi with other plant species, the deduced PdCAS protein sequence
was used for BLAST searches on NCBI to obtain CAS protein sequences from
other plants. Multiple protein sequence alignment was performed using Clustal
W integrated in MEGA 6.0, and a phylogenetic tree of PdCAS and CAS pro-
teins from other plants was constructed using the Neighbor-joining algorithm
with 1,000 bootstrap replicates ([Figure 3: see original paper]). The results
showed that P. delavayi PdCAS protein clustered with CAS proteins from
Rosaceae species including apple (Malus domestica XP_008391430.1), Chinese
white pear (Pyrus bretschneideri XP_009370034.1), Chinese rose (Rosa chinen-
sis XP_024193310.1), Japanese flowering cherry (Prunus yedoensis var. nud-
iflora PQQ11009.1), and peach (Prunus persica XP_007225240.1) ([Figure 3:
see original paper]).

[Figure 3: see original paper] Phylogenetic tree of PdCAS and CAS in other
plants
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2.3 Transcriptional Pattern Analysis of PdCAS Gene in P. delavayi

Roots, stems, leaves, seeds, and petals at various stages of P. delavayi were
collected. Total RNA was extracted from petals at different developmental
stages and various organs following the plant total RNA extraction kit protocol
and reverse-transcribed into cDNA. Specific primers PdCAS1F and PdCAS1R
were used to detect PdCAS gene expression in different tissues including petals
and stamens at various stages, as well as roots, stems, leaves, and seeds ([Figure
4: see original paper]). The results demonstrated that PdCAS was expressed
in roots, stems, leaves, seeds, stamens, and petals at all stages, with relatively
high expression in petals and stamens, particularly in petals at the withering
stage.

[Figure 4: see original paper] The expression of PdCAS gene in different tissues
of P. delavayi

Discussion
CAS is a key gene that directs the isoprenoid metabolic pathway toward sterol
compound synthesis (Kim et al., 2005). Analyzing its expression patterns across
different organs can provide insights into sterol synthesis regulation. RT-PCR
results indicated that PdCAS was expressed in flowers at different stages, seeds,
leaves, stems, and roots, similar to the expression characteristics of CAS genes
in Dioscorea zingiberensis (Tu et al., 2010) and Acanthopanax senticosus (Xing
et al., 2012), demonstrating constitutive expression. The ubiquitous expression
of PdCAS in roots, stems, leaves, flowers, and seeds of P. delavayi also confirms
the gene’s universal expression pattern. However, expression levels varied sig-
nificantly among organs, with higher expression in petals and lower expression
in roots and stems. The maximum expression was observed in petals one day
after pollination at the withering stage, while the minimum expression occurred
in stems.

In this study, PdCAS expression was highest in reproductive organs. Although
expression was low in roots and stems, its presence indicates that cycloartenol
derivatives exist in these tissues. Previous studies have suggested that P.
delavayi is primarily used medicinally for its root bark (Wu et al., 2002). If
cycloartenol and its derivatives are the main active components of “danpi,”
then flowers, leaves, and stems may also possess medicinal efficacy. While
expression levels are high in flowers and leaves, the accumulation of compounds
may not necessarily exceed that in roots because flowers wither and leaves fall.
As a storage organ, the root may accumulate active substances over years, and
although expression levels are low, the content of active compounds may not
be less than that in petals.

The PdCAS gene protein sequence cloned in this study showed �80% similarity
with CAS protein sequences from Rosaceae plants such as peach and apple, indi-
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cating high structural and sequence conservation. Previous studies have isolated
five classes of squalene cyclases in different plants: CAS, �-amyrin synthase (�-
AS), dammarenediol synthase, lanosterol synthase, and lupeol synthase (Xing
et al., 2012). Both triterpenoids and phytosterols in organisms originate from
the same precursor—2,3-oxidosqualene—synthesized via the isoprenoid pathway.
2,3-oxidosqualene is cyclized by these five cyclases to generate phytosterol and
triterpenoid skeletons. CAS primarily functions to catalyze the cyclization syn-
thesis of various sterols and steroid-like compounds (Ming et al., 2010), where
2,3-oxidosqualene is converted to cycloartenol under the action of CAS, which
then undergoes a series of catalytic reactions to generate phytosterols (a path-
way known as the “cycloartenol pathway”) (Zhang et al., 2017). The presence
of the characteristic DCTAE sequence of the oxidosqualene cyclase superfamily
in the PdCAS protein sequence in this study also demonstrates that PdCAS
belongs to the squalene cyclase gene family. DCTAE can be created through
site-directed mutagenesis of DDTAV in squalene synthase, changing the sub-
strate from squalene to 2,3-oxidosqualene (Dang & Prestwich, 2000). Therefore,
the PdCAS gene is closely related to sterol compound synthesis in P. delavayi.
Future studies will attempt heterologous expression of PdCAS and potentially
related P450s to obtain new cycloartenol derivatives.

The“cycloartenol pathway”is the main route for sterol compound synthesis (Gas-
Pascual et al., 2014). This pathway and cycloartenol significantly affect plant
growth and development, but the specific mechanisms remain inadequately stud-
ied. Cycloartenol also exhibits various pharmacological activities, though the
underlying mechanisms are not yet clear. Therefore, future research should focus
on its pharmacological activities, physiological functions, and related secondary
metabolites to establish a foundation for better development and application.
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