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Abstract

To clarify the phylogenetic relationships of the nationally second-class protected
plant Semiliquidambar cathayensis with its related taxa and analyze the adap-
tive evolution of chloroplast genes, this study utilized 24 chloroplast genome
sequences from 22 species to construct maximum likelihood and Bayesian trees
to analyze the phylogenetic relationships of S. cathayensis and its relatives, and
examined the relationship between variation sites in chloroplast coding genes
and selection pressure in S. cathayensis and related taxa through different mod-
els. The results showed that: (1) The chloroplast genome of S. cathayensis
contains 133 genes, including 88 protein-coding genes (11 of which have in-
trons), 37 tRNA genes, and 8 rRNA genes. (2) The chloroplast genomes of S.
cathayensis and eight species from its related genera Altingia and Liquidambar
were relatively conserved in terms of sequence length, gene number and com-
position, and GC content, with highly conserved boundaries between inverted
repeat regions and small single-copy regions. The small single-copy and large
single-copy regions showed higher degrees of variation, whereas the inverted re-
peat regions exhibited lower variation. (3) S. cathayensis clustered with species
of Altingia and Liquidambar into the Altingiaceae clade, which could be divided
into three subclades, with possible hybridization or incomplete lineage sorting
among subclades or between species. (4) Adaptive evolution results indicated
that under different models, species in the Altingiaceae clade experienced se-
lective constraints (purifying selection) on chloroplast genes such as ndhA, and
the site model also detected 28 sites across 10 genes with p-values greater than
0.99, suggesting that these coding gene variations may be associated with adap-
tive differentiation in Altingiaceae plants. This study supports the placement
of S. cathayensis within Altingiaceae, and suggests that chloroplast genes in Al-
tingiaceae species may have undergone adaptive evolution, providing reference
materials for the conservation of medicinal resources with the same name but
different species and for the innovative development of ethnic medicines.
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Abstract

To clarify the phylogenetic relationships between the nationally second-class
protected plant Semiliquidambar cathayensis and its closely related taxa, and
to analyze the adaptive evolution of chloroplast genes, this study constructed
maximum likelihood and Bayesian trees using 24 chloroplast genome sequences
from 22 species to analyze the phylogenetic relationships of S. cathayensis and
its relatives. The correlation between variable sites in chloroplast coding genes
and selective pressure among S. cathayensis and related taxa was examined
using different models. The results showed: (1) The chloroplast genome of S.
cathayensis contains 133 genes, including 88 protein-coding genes (11 with in-
trons), 37 tRNA genes, and 8 rRNA genes. (2) Chloroplast genomes of eight
species from S. cathayensis and its related genera Altingia and Liquidambar
are relatively conserved in sequence length, gene number and composition, and
GC content, with highly conserved boundaries between inverted repeat (IR)
regions and small single-copy (SSC) regions. The large single-copy (LSC) and
SSC regions exhibit relatively high variation, while IR regions show lower vari-
ation. (3) S. cathayensis and species from Altingia and Liquidambar clustered
into the Altingiaceae clade, which could be divided into three subclades, with
possible hybridization or incomplete lineage sorting among subclades or species.
(4) Adaptive evolution analyses revealed that under different models, species in
the Altingiaceae clade experienced selective constraints (purifying selection) on
chloroplast genes such as ndhA. Site models also detected 28 sites across 10 genes
with P-values greater than 0.99, suggesting these coding gene variations may be
associated with adaptive differentiation in Altingiaceae. This study supports
the placement of S. cathayensis within Altingiaceae and suggests that chloro-
plast genes among Altingiaceae species may have undergone adaptive evolution,
providing reference materials for resource conservation of homonymic medicinal
materials and innovative research on ethnomedicine.

Keywords: Semiliquidambar cathayensis, Altingiaceae, chloroplast genome,
phylogeny, adaptive evolution

Introduction

The Yao medicine “Banfenghe” (also known as Banhefeng or Bianhebeng) is de-
rived from the dried aerial parts of Semiliquidambar cathayensis, which contains
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alkaloids, flavonoids, terpenoids, and other compounds with therapeutic effects
for dispelling wind-dampness and promoting blood circulation (Yang et al., 2019;
Qiu et al., 2020). Its wild resources are sparsely distributed in mountainous re-
gions of southern and southeastern China, and it is listed as a national second-
class protected plant. Current molecular markers used to study genetic diversity
in S. cathayensis populations include ISSR (Huang et al., 2021), SSR (Ye et al.,
2020, 2021a), and SRAP (Ye et al., 2021b), which indicate that S. cathayensis
populations have unstable structures and are endangered due to human distur-
bance and habitat destruction, making rational development and management
extremely important and the search for new medicinal sources urgent (Fu, 1991;
Ye et al., 2020b). Due to morphological characteristics such as heteromorphic
leaves, spicate inflorescences, and monoecious plants, S. cathayensis has been
classified in the subfamily Liquidambaroideae of Hamamelidaceae (Guangxi In-
stitute of Botany, Chinese Academy of Sciences, 2005). Plants in this genus
share morphological similarities with Liquidambar and Altingia in Altingiaceae,
and Altingia chinensis from Altingia is also used as the medicinal material Ban-
fenghe in some regions. There are 14 species from 7 genera across 5 families that
share the same name and medicinal use as Banfenghe (Xie et al., 2018), necessi-
tating clarification of the origins or alternative sources of these medicinal mate-
rials. Molecular phylogenetic studies have suggested that S. cathayensis should
be placed in the family Altingiaceae (Angiosperm Phylogeny Group, 1998; Shi
et al., 2001). Current molecular systematic studies involving S. cathayensis
have focused on analyzing phylogenetic relationships between Hamamelidaceae
and Altingiaceae or among genera within Altingiaceae (Shi et al., 1998, 2019;
Ickert-Bond & Wen, 2006; Wu et al., 2010; Xiang et al., 2019; Tang et al.,
2020; Ye et al., 2020a; Zhang et al., 2020a), while interspecific phylogenetic re-
lationships among S. cathayensis and its close relatives require further analysis.
Investigating the phylogenetic relationships between S. cathayensis and Altin-
giaceae or Hamamelidaceae plants is beneficial for molecular identification of S.
cathayensis and its adulterants, thereby achieving the goal of clarifying origins.
Furthermore, since the three genera of Altingiaceae are mainly distributed in
southwestern China, whether there are divergences in gene structure or evo-
lutionary rates among S. cathayensis and its close relatives that may affect
pharmacological efficacy requires further analysis.

Comparative analysis of chloroplast genome sequences and construction of phy-
logenetic trees can be used to evaluate species’ phylogenetic positions and evo-
lutionary relationships (Sloan et al., 2014; Williams et al., 2019). Based on
this, using differences in evolutionary rates of chloroplast coding genes to assess
the relationship between gene variation and selective pressure in different plant
groups can serve as a foundation for exploring new medicinal sources (Waldvo-
gel et al., 2020; Zhao et al., 2020). Currently, chloroplast genomes of multiple
species from S. cathayensis and its relatives in Altingiaceae and Hamamelidaceae
have been reported. Therefore, this study utilizes publicly available chloroplast
genomes of S. cathayensis and its relatives from public databases to address
the following questions: (1) Reveal the phylogenetic position of S. cathayensis
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within Altingiaceae or Hamamelidaceae through phylogenetic tree construction;
(2) Analyze the relationship between evolutionary sites and selective pressure
in chloroplast genes of S. cathayensis and its relatives, providing insights for
identification and resource development of S. cathayensis.

1.1 Data Collection

Chloroplast genome sequence information for S. cathayensis, Altingiaceae,
Hamamelidaceae, and other related taxa was retrieved from the NCBI database
(The National Center for Biotechnology Information). A total of 24 chloroplast
genome sequences from 22 species were obtained, including 2 individual
sequences of S. cathayensis from the genus Semiliquidambar, 3 species from
Altingia, and 4 species from Liquidambar (with 2 individual sequences of
Liquidambar formosana). Additionally, 10 Hamamelidaceae species including
Hamamelis mollis and Sycopsis sinensis, 1 Daphniphyllaceae species, 1 Cer-
cidiphyllaceae species, and 2 Ranunculaceae species were selected. Details of
the downloaded chloroplast genome sequences, species names, and accession
numbers are provided in Table 1 .

1.2 Comparative Analysis of Chloroplast Genomes

Geneious R9 (Kearse et al., 2012) was used to analyze and compile informa-
tion on the four boundaries (large single-copy region LSC, small single-copy
region SSC, and inverted repeat region IR) and gene numbers/types for eight
Altingiaceae species (Table 1). The IRscope program in R software (Amiry-
ousefi et al., 2018) was used to visualize contraction and expansion of the four
boundaries in these eight Altingiaceae species. mVISTA software (Frazer et al.,
2004) was employed to conduct homology comparisons of chloroplast genome
sequences from S. cathayensis and seven other Altingiaceae species using the
Shuffle-LAGAN global alignment mode that detects gene rearrangements and
inversions. Additionally, the Mauve multiple genome alignment method in
Geneious R9 was used to perform collinearity comparisons of chloroplast genome
sequences from these eight species.

1.3 Phylogenetic Analysis

This study used the online MAFFT v7 (Katoh et al., 2002) (https://mafft.cbre.jp/alignment /software/)
to align 24 chloroplast genome sequences from 22 species retrieved from NCBI
(Table 1). DAMBE v6.4.29 was used to test for sequence substitution satu-
ration to assess whether the alignment was suitable for phylogenetic analysis,
evaluating whether the observed Iss value (index of substitution saturation)
was significantly lower than the Iss.c value (critical index of substitution
saturation) (Xia et al., 2003; Xia & Lemey, 2009). The Iss.c value was further
divided into Iss.cSym (symmetrical substitution saturation index) and IssAsym
(asymmetrical substitution saturation index). The CIPRES Web Portal 2.0
(http://www.phylo.org) was used to construct maximum likelihood (ML) trees
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with RAxML. The ML analysis employed the GAMMA model with 1,000 rapid
bootstrap replicates. jModelTest (Posada & Crandall, 1998; Darriba et al.,
2012) was used to calculate AIC values and select the optimal model for tree
construction for each dataset. MrBayes v3.2.6 (Ronquist & Huelsenbeck, 2003)
was used to construct Bayesian (BI) trees, running for 3 million generations
with sampling every 1,000 generations, discarding the first 25% of trees that
did not reach stationarity, and using the remaining trees to calculate posterior
probabilities.

This study used coalescent simulation to detect the impact of incomplete lin-
eage sorting on conflicts between nuclear gene trees and chloroplast trees. First,
under the coalescent model, DendroPy v4.1.0 (Sukumaran & Holder, 2010) was
used to simulate 10,000 chloroplast species trees from 24 chloroplast genome
sequences. ASTRAL was used to construct a species tree as a reference, and
these 10,000 simulated trees were summarized to obtain clade frequencies. Un-
der incomplete lineage sorting, any phylogenetic relationships obtained in the
empirical plastid tree should be reflected in the simulated plastid trees, thus
each clade should have relatively high support. In cases of hybridization, some
clades in the empirical plastid tree would have low or absent support in the
simulated gene trees (Garfa et al., 2017; Morales-Briones et al., 2018).

1.4 Adaptive Evolution Analysis

Geneious R9 was used to extract and align individual genes from the 24 chloro-
plast genomes, with stop codons removed. EasyCodeML (Gao et al., 2019) was
used to batch-convert gene alignment sequences to .pml format. The maximum
likelihood tree constructed from 24 chloroplast genomes was used as the tree
file (.nwk format). EasyCodeML was then used to perform adaptive evolution
analyses using clade model, branch model, and site model. The clade model
can detect selective constraints on specific sites across an entire clade or focal
lineage; the branch model can detect the intensity of selective constraints on the
focal lineage; and the site model can detect positively selected sites without con-
sidering lineages. In both the clade model and branch model, the Altingiaceae
clade was designated as the foreground branch.

2.1 Basic Characteristics of the Semiliquidambar cathayen-
sts Chloroplast Genome Structure

The chloroplast genome of S. cathayensis ranges from 160,430 to 160,444 bp,
with the LSC region spanning 88,969 to 88,991 bp, the SSC region 18,913 to
18,917 bp, and the IR region 26,261 to 26,281 bp. The GC content is uniformly
37.9% with no variation. Compared with seven other Altingiaceae species, the
chloroplast genomes of all eight species contain 133 genes total, including 8
rRNA genes (4 located in IR regions), 37 tRNA genes (7 in IR regions), and
88 protein-coding genes (7 in IR regions). Eleven protein-coding genes con-
tain introns: rps16, atpF, rpoC1, ycf3, clpP, petB, petD, rpl16, rpl2, ndhB, and
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ndhA. Among these, mpl2 and ndhB are distributed in IR regions, while ycf3
and clpP have two introns. Variation in intron length leads to differences in
gene length (Table 1). Among the eight species, the protein-coding sequences of
matK and ndhK genes show length variation. In comparison, seven Hamamel-
idaceae species have 133 genes total, with 8 rRNA genes (4 in IR regions), 37
tRNA genes (7 in IR regions), and 88 protein-coding genes (7 in IR regions).

2.2 IR and SC Boundaries in Semiliquidambar cathayensis
and Related Genera

Chloroplast genomes of the eight species from S. cathayensis and its relatives are
relatively conserved in sequence length, gene order and number, and GC content.
The transition regions between IR and SC boundaries show no differences in gene
arrangement, with only variations in gene sequence length, demonstrating high
conservation (Figure 1 [Figure 1: see original paper|). Except for S. cathayensis,
where the IRb-LSC boundary lies in the spacer region between rps19 and rpl2,
the other seven species have the boundary within the rps19 gene. The IR-SSC
boundary is located within the ycfI gene in all species.

Figure 1 Comparison of borders of IR and SC regions in eight species of Semilig-
uidambar cathayensis and its related taxa. JLB: Junction of LSC and IRb; JSB:
Junction of SSC and IRb; JSA: Junction of SSC and IRa; JLA: Junction of LSC
and IRa.

2.3 Sequence Variation Analysis of Chloroplast Genomes in
Semiliquidambar cathayensis and Related Genera

Using mVISTA software, homology of chloroplast genome sequences from S.
cathayensis and seven other Altingiaceae species was analyzed to detect gene
rearrangements and inversions under global alignment mode (Figure 2 [Figure
2: see original paper]). The results showed that the four regions of chloroplast
genomes from the eight Altingiaceae species have highly conserved arrangement
order, with obvious variation in non-coding regions but not in coding regions.
Both SSC and LSC regions show significant variation, particularly in intergenic
spacer regions of the LSC, while IR regions exhibit relatively low variation.

Figure 2 Alignment of eight chloroplast genomes from Semiliquidambar
cathayensis (reference sequence) and its related taxa.

2.4 Collinearity Analysis of Chloroplast Genomes in
Semiliquidambar cathayensis and Related Genera

The Mauve alignment method in Geneious R9 was used to detect rearrangements
and collinearity in chloroplast genomes of S. cathayensis and seven Altingiaceae
species (Figure 3 [Figure 3: see original paper]). Multiple genome alignment
detected one locally collinear block among the chloroplast genomes of the eight
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species, indicating high similarity among Altingiaceae genomes with no detected
rearrangements or inversions.

Figure 3 Alignment of chloroplast genomes from eight species of Semilig-
uidambar cathayensis and its related taxa. Small blocks of various colors repre-
sent genes: black for transfer RNA (tRNA), red for ribosomal RNA, white for
protein-coding genes, and green for intron-containing tRNA.

2.5 Phylogenetic Analysis

DAMBE was used to test for base substitution saturation in the chloroplast
genome sequence matrix. The results showed that for randomly sampled groups
of 4, 8, 16, and 32 taxa, the index of substitution saturation (Iss) was signif-
icantly lower than the critical index of substitution saturation (Iss.c) in both
symmetrical and asymmetrical topologies, indicating the sequences were suitable
for phylogenetic tree construction. The best-fit model selected was GTR+I+G.
The maximum likelihood (ML) and Bayesian (BI) trees constructed from 24
chloroplast genome sequences showed consistent topologies (Figure 4 [Figure 4:
see original paper]). Altingiaceae species formed one clade, while Hamameli-
daceae species formed another. Within Altingiaceae, S. cathayensis clustered
with Altingia chinensis, Liquidambar formosana, and L. acalycina to form Clade
1 (99/1.00), A. excelsa and A. yunnanensis formed Clade IT (100/1.00), and
L. orientalis and L. styraciflua formed Clade III (100/1.00). Daphniphyllum
oldhamii and Cercidiphyllum japonicum each formed separate lineages as suc-
cessive sister groups to Altingiaceae. Sampled Hamamelidaceae species could
be divided into Fothergilleae, Hamamelideae, Eustigmateae, and Corylopsideae
clades. Coalescent simulation to detect the impact of incomplete lineage sorting
on chloroplast tree topology revealed low clade frequencies for multiple branches
(Figure 4), suggesting that phylogenetic positions within Altingiaceae may be
influenced by both chloroplast incomplete lineage sorting and hybridization.

Figure 4 Phylogenetic tree based on 24 chloroplast genomes, drawn based
on the BI tree. The scale bar shows 0.02 substitutions/site. Numbers above
branches are ML bootstrap values, BI posterior probabilities, and clade frequen-
cies of simulated gene trees.

2.6 Adaptive Divergence

Using the branch model with Altingiaceae as the foreground clade, three genes
were found to be under selective constraint (0<w<1): ndhA (w=0.051, P<0.05),
ndhG (w=0.024, P<0.01), and rpsi2 (w=0.0001, P<0.01). Using the clade
model with Altingiaceae as the foreground clade, 12 genes (atpE, atpF, ndhA,
ndhJ, psbM, rbcL, rpl14, rpoC2, rps2, rps3, rps4, rps12, rpsl4) showed significant
selective constraints (Table 2 ). Site model analysis to detect positively selected
sites across chloroplast genome genes revealed that 10 genes including accD,
atpE, atpF, clpP, ndhA were under selection pressure, with 45 sites showing
positive selection at P>0.95 and 28 sites at P>0.99 (Table 3 ).
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Table 2 Selection analysis of 75 genes in chloroplast genome based on the clade
model. The table shows log-likelihood values and likelihood ratio test P-values
for genes including rpl14, rpoC2, rps12, and rpsij.

Table 3 Selection analysis of 75 genes in chloroplast genome based on the site
model. The table shows positively selected sites with P>95% (*) and P>99%
(**), listing specific amino acid positions and their corresponding P-values for
genes such as accD, clpP, and rbcL.

3.1 Phylogenetic Relationships Among Semiliquidambar
and Altingia and Liquidambar Genera

This study analyzed the phylogenetic relationships between Semiliquidambar
and Altingia and Liquidambar based on chloroplast genomes. The results showed
that species from the three genera could not each form monophyletic groups,
supporting the placement of Semiliquidambar within Altingiaceae. This is con-
sistent with molecular systematics based on chloroplast gene data and pollen
morphology studies (Ickert-Bond & Wen, 2013). However, Flora of China
classifies Semiliquidambar, Altingia, and Liquidambar within the subfamily Liq-
uidambaroideae of Hamamelidaceae based on morphological traits such as het-
eromorphic leaves and unisexual flowers. Key morphological diagnostic char-
acters for these genera—including leaf length and shape, petiole thickness and
length, and calyx tooth length on infructescences—show continuous variation
among congeneric or closely related species, lacking systematic quantitative
standards. Additionally, Semiliqguidambar exhibits transitional morphological
traits with Liquidambar and Altingia within the same family, making it diffi-
cult to distinguish Semiliquidambar from Altingia and Liquidambar based on
morphology alone.

Previous molecular systematics studies have indicated that Semiliquidambar,
Altingia, and Liquidambar species form an East Asian clade, but relationships
among species within the clade remain unclear and may require further develop-
ment of high-resolution molecular markers (Ickert-Bond & Wen, 2013). Based
on comparative chloroplast genome analysis, this study found that chloroplast
genomes of eight Altingiaceae species show high conservation in gene structure,
arrangement, and number, as well as IR-SC junction regions. Length variation
among species’ genomes primarily reflects differences in intron or coding se-
quence lengths. Future studies could develop high-resolution molecular markers
from relatively variable regions such as intergenic spacers in chloroplast genomes
for molecular identification and genetic differentiation studies of S. cathayensis.

3.2 Phylogenetic Relationships of Semiliquidambar
cathayensis and Its Close Relatives

This study analyzed phylogenetic relationships between S. cathayensis and its
close relatives based on chloroplast genomes. The results showed that sam-
pled individuals of S. cathayensis did not form a monophyletic group; instead,
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S. cathayensis clustered with Altingia chinensis, Liquidambar formosana, and L.
acalycina to form Clade I (99/1.00). Coalescent-based testing of chloroplast gene
trees revealed low clade frequencies for multiple branches within Altingiaceae,
suggesting that hybridization or chloroplast incomplete lineage sorting may ex-
ist among branches within the family, and thus the parentage of S. cathayensis
cannot be definitively determined. This is consistent with previous molecular
systematic results showing that S. cathayensis forms a monophyletic clade with
Liquidambar species and L. acalycina, but with low support, leading to specula-
tion that S. cathayensis may be a hybrid species (Shi et al., 2001; Ickert-Bond &
Wen, 2013). Due to limited gene fragments and different samples used in exist-
ing studies, the degree of hybridization between S. cathayensis and Liquidambar
and Altingia species remains unclear, necessitating population-level studies of
the genetic background of S. cathayensis.

3.3 Adaptive Differentiation of Altingiaceae Plants

Environmental changes can drive adaptive evolution of plant genes. This study
employed different models to detect selection pressure on multiple genes in Al-
tingiaceae and its relatives, aiming to explore potential correlations between
selection pressure at gene sites and related species or environments.

Based on the clade model results, when Altingiaceae was designated as the
foreground clade, multiple atp, ndh, and rps genes showed significant selective
constraints. These genes are mostly associated with photosynthesis, transcrip-
tion, and translation functions in other plant groups. For example, the ndh gene
family plays a crucial role in photosynthesis and is sensitive to environmental
changes or plant stress (Martin & Sabater, 2010; Zhao et al., 2020). Riboso-
mal protein subunit genes rpl and rps are important for plant transcription and
translation, and transcripts of genes such as rps12 and atpF are also involved in
splicing of chloroplast group II introns (Vogel et al., 1999). ATP synthase genes
are essential for photosynthesis, while the rpoC2 gene encodes the § subunit of
chloroplast RNA polymerase, playing an important role in transcription. Since
most Altingiaceae species are distributed in southwestern China, we hypothesize
that their photosynthetic functions may differ from Hamamelidaceae species to
adapt to relatively high-temperature and high-humidity environments. This is
similar to previous transcriptome results for S. cathayensis, which found 92 uni-
genes mapped to photosynthesis regulatory pathways and 32 unigenes mapped
to photosynthesis-antenna protein pathways (Tian et al., 2018). Thus, this
study may provide a foundation for investigating light response in S. cathayen-
sis at the gene level.

Site model analysis was used to examine whether amino acid sites in different
genes experienced selection pressure. The results showed that 45 sites across 10
genes including accD, clpP, rbcL, ycfl, and ycf2 were under positive selection
with P>0.95, and 28 sites had P>0.99. Genes with more detected positively
selected sites showed greater variation. These genes function in multiple pro-
cesses including photosynthesis and plant metabolism. For instance, previous
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studies have shown that the accD gene encodes the [ subunit of acetyl-CoA
carboxylase and functions in fatty acid biosynthesis; its frequent transfer or
loss in angiosperm chloroplasts is considered an adaptation to the environment
(Slabas & Fawcett, 1992), suggesting that changes in this gene may help Altin-
giaceae plants adapt to their habitats. The clpP gene encodes a Clp protease
in the chloroplast genome that degrades polypeptides, helping control normal
metabolic processes and playing an important role in plant stress resistance
(Zheng et al., 2016), suggesting it may be crucial for Altingiaceae species adapt-
ing to the relatively hot and humid environment of southwestern China. The
rbcL gene acts as a regulator of photosynthetic electron transport in plant pho-
tosynthesis, encoding the large subunit of Rubisco in chloroplasts, whose C-
terminal region is significant in the photosynthetic system (Curmi et al., 1992).
The ycfl and ycf2 genes evolve rapidly and function in encoding chloroplast
ATPase and regulating plant fruit development, showing similar patterns to
other plants and indicating that ycf genes commonly undergo adaptive evolu-
tion (Zhou et al., 2019). In summary, these genes may have played important
roles in the adaptation of Altingiaceae plants, including S. cathayensis medicinal
sources, to the environmental conditions of southern China.

Currently, Semiliquidambar plants are mainly concentrated in southwestern
China. Limited sampling ranges and molecular marker selection in existing
studies have left intergeneric relationships within Semiliquidambar unclear. This
study only analyzed chloroplast genome structural differences, phylogenetic re-
lationships, and gene site selection pressure for S. cathayensis and its relatives
based on publicly available database sequences, which was insufficient to in-
fer relationships among S. cathayensis, Liquidambar, L. acalycina, and Altin-
gia species. Therefore, future studies should expand sampling ranges for S.
cathayensis and its relatives and select higher-resolution molecular markers to
explore hybridization or incomplete lineage sorting between S. cathayensis and
Altingia and Liquidambar species.
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