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ABSTRACT
Staurogyne concinnula (Hance) O. Kuntze (Acanthaceae) is an important ornamental herb mainly distrib-
uted in the southern region of China, including Fujian, Guangdong, Hainan, and Taiwan provinces.
However, the complete chloroplast genome of S. concinnula, which could serve as a genetic resource
for studies on its taxonomy and evolution, is poorly studied at present. In this study, we reported the
complete chloroplast genome of S. concinnula that was assembled using high-throughput sequencing
data. The chloroplast genome was 153,783bp long, with a typical quadripartite structure containing a
small single-copy region (SSC; 17,855bp), a large single-copy region (LSC; 84,636bp) and a pair of
inverted repeats (IRs; each 25,646bp). The overall GC content of the chloroplast genome was 38.04%.
A total of 86 protein-coding genes (PCGs), 8 rRNA genes, and 37 tRNA genes were predicted.
Phylogenetic analysis based on the combined sequences of 86 PCGs with the other 16 closely related
species of Acanthaceae indicated that S. concinnula is closely related to Avicennia marina. The genomic
data and finding from the phylogenetic studies of S. concinnula could provide useful information and
give light to in-depth studies on the evolution pattern of the understudied species, as well as
Staurogyne.
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Acanthaceae is a large family with more than 250 genera
and is consisted of over 4000 different species. Members of
Acanthaceae are widely distributed in tropical and subtrop-
ical regions, of which most of them prefer the warm and
humid climate. Staurogyne Wall is one of the largest genera
in Acanthaceae, accounting for approximately 80 species and
most of them are herbaceous plants; while 14 of them were
recorded in China (Flora of China 2002a). Staurogyne concin-
nula (Hance) O. Kuntze, 1891 is an important ornamental
herb that is widely distributed in Fujian, Guangdong, Hainan,
and Taiwan provinces of China. It is usually planted as land-
scape plants and green belts for rivers owing to their beauti-
ful red-petaled flowers, which usually bloom during spring
(Figure 1; Flora of China 2002b). Staurogyne concinnula has
very short stems covered by long and soft hair; while the
back of its leaf appears pale in color.

To date, studies on the phylogenetic relationship of
S. concinnula are only limited to analysis based on morphology
traits, mainly on the morphological characteristics of the pollen
and leaf epidermal (Robert and Scotland 1992) as well as short
gene sequences (McDade et al. 2012). However, the relation-
ship within Staurogyne remains unresolved; the use of the

combined chloroplast dataset trnS-trnG and ndhF-rpl32-trnL
as well as the nuclear ribosomal internal transcribed spacer
(ITS) region were not able to provide good resolution among
the species examined (McDade et al. 2012). Genomic informa-
tion on this species is generally lacking. Despite being an
ornamental plant with great ecological value, the understudied
species has been receiving less attention from researchers and
ecologists. Therefore, to generate an amount of genetic data
that could aid in the expansion of the genomic information as
well as the genetic identity of this valuable herb species, in
this study, we assembled and characterized the complete
chloroplast genome of S. concinnula via next-generation
sequencing technique. Phylogenetic inference was conducted
to reveal the molecular placement of S. concinnula at the
chloroplast genome level.

Fresh leaves were collected from one individual of S. con-
cinnula at Huaiji County, Zhaoqing City in the middle of
Guangdong Province (23.91�N, 112.18�E). The voucher speci-
men was deposited in the Herbarium of Guangdong
Academy of Agricultural Sciences under the accession num-
ber HGAAS-1254 (Contact person: Shike Cai; e-mail: caishike@
gdaas.cn). Total genomic DNA was extracted using a
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Figure 1. Staurogyne concinnula growing in its natural environment at Huaiji County, Zhaoqing City (23.91�N, 112.18�E). (a) growing environment; (b) morpho-
logical characteristics at flowering time. These two photos were taken and edited by DC at the sampling site.

Figure 2. Chloroplast genome map of Staurogyne concinnula. From the center outward, the first track shows the dispersed repeats. The dispersed repeats consist of
direct (D) and Palindromic (P) repeats, connected with red and green arcs. The following circular shows the long tandem repeats by short blue bars. The third track
shows microsatellite sequences as short bars with different colors. The small single-copy (SSC), inverted repeat (IRa and IRb), and large single-copy (LSC) regions are
shown on the fourth circular. The GC content along the genome is plotted on the fifth circular. The base frequency at each site along the genome will be shown
between the fourth and fifth tracks. The genes are shown on the sixth track. The outer and inner colored boxes present transcribed clockwise and counterclockwise
genes, respectively.
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modified CTAB method (Doyle and Doyle 1987) and the con-
centration of the DNA extract was quantified using Qubit 3.0
Fluorometer (Fisher Scientific, USA). A 350-bp insert-size
library was constructed using VAHTS Universal DNA Library
Prep Kit for Illumina V3 (Vazyme, Nanjing) using 1.0 lg total
DNA and then was sequenced on an Illumina NovaSeq 6000
platform (Illumina, USA) following the manufacturer’s proto-
col via PE 150 mode. Approximately 5.0 GB of raw data was
obtained, which was used as input data in the GetOrganelle
v1.6.2e pipeline (Jin et al. 2020) for chloroplast genome
assembly. The assembly was completed by using 10,100,000
effective reads with an average base coverage of 429�. The
assembled chloroplast genome sequence was annotated
using both CpGAVAS2 (Shi et al. 2019) and GeSeq v2.03
(Tillich et al. 2017), with the chloroplast genome of Avicennia
marina (GenBank accession number: MT012822; Ruang-
Areerate et al. 2022) as the reference. The annotations were
manually checked for errors.

Its minimum depth of the assembled chloroplast genome
was 91� while the average was 1607� (Supplementary
Figure 1). The complete chloroplast genome of S. concinnula
was 153,783 bp in length, with a typical quadripartite struc-
ture that had similar length and structure when compared to
other closely related species of Acanthaceae (Huang et al.
2020; Kaewdaungdee et al. 2022). The inverted repeat (IR)
regions were 25,646 bp long for each and were separated by

the 84,636-bp large single-copy (LSC) as well as the 17,855-
bp small single-copy (SSC) regions. The overall GC content of
the chloroplast genome was 38.04% with 30.61% A, 18.70%
G, 31.35% C and 19.34% G, respectively. Finally, a total of
131 genes were predicted, including 86 protein-coding genes
(PCGs), 8 rRNA genes, and 37 tRNA genes (Figure 2). The
map of the complete chloroplast genome was drawn using
the CPGView program (http://www.1kmpg.cn/cpgview, Liu
et al. 2023). Furthermore, there are 11 genes that contain
two exons and 3 genes contain three exons (Supplementary
Figure 2), while rps12 gene was identified as the trans-splic-
ing gene (Supplementary Figure 3).

To infer the molecular phylogenetic position of S. concin-
nula in Acanthaceae, the chloroplast genome sequences of
additional 16 species of Acanthaceae were included in the
phylogenetic analysis. Four closely related species, including
Scoparia dulcis (GenBank accession number: MZ958832;
unpublished), Plantago atrata (GenBank accession number:
MW877580; Mower et al. 2021), Neopicrorhiza scrophulariiflora
(GenBank accession number: MK986819; Zhang et al. 2019),
and Callitriche palustris (GenBank accession number:
MW774642; unpublished) were included as outgroups. The
combined 86 coding protein genes of chloroplast genome
sequences were aligned using MAFFT v7.3 (Katoh and
Standley 2013) and phylogenetic tree reconstruction was
conducted based on two different methods – maximum

Figure 3. Phylogenetic tree combined with Maximum-likelihood and Bayes Inference trees based on 86 combined PCGs’s sequences. The number on each node
indicates the ML bootstrap value (left) and BI posterior probability (right). The top scale bar represents the number of substitutions per site. The following 16
sequences in Acanthaceae has participated in phylogenetic analyses: Thunbergia erecta (MZ555773, Tong et al. 2022); Avicennia marina (MT012822, Li et al. 2020);
four Dicliptera species (MK833947, MK830556, MK833946, MK848596, Huang et al. 2020); Peristrophe japonica (NC_056198, MW411448, Chen et al. 2021);
Clinacanthus nutans (NC_042162, Li et al. 2019); Pseuderanthemum haikangense (NC_057986, Gao et al. 2020); two Echinacanthus species (MH045155, MH045157,
unpublished); Barleria prionitis (MK548575, Alzahrani et al. 2020); Aphelandra knappiae (NC_041424, Huang et al. 2019); two Acanthus species (MW752129, Xu et al.
2021; MT240944, unpublished).
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likelihood (ML) and Bayesian inference (BI). For ML, the
nucleotide substitution model GTRGAMMA was applied in
RAxML v8.2.12 (Stamatakis 2006), coupled with 1,000 boot-
strap replicates. For BI, the most optimum nucleotide substi-
tution model determined using ModelTest-NG (Darriba et al.
2020) was GTRþ IþG4. The parameters used in the MrBayes
v3.2.7 (Ronquist et al. 2012) pipeline were set at 1000,000
generations, in which sampling was conducted every 100
cycles. As both trees showed similar topology, only the ML
tree was displayed (Figure 3). Overall, the phylogenetic
relationship among the members of Acanthaceae was
resolved; all the branch nodes were strongly supported
(ML bootstrap value �75%, BI posterior probability �0.90).
Based on the current circumscription, S. concinnula was
closely related to Avicennia marina. This finding is congru-
ent with the phylogenetic study reported by McDade
et al. (2012); as most of the chloroplast genome records
from members of Nelsonioideae are not yet available pub-
licly, Avicennia and Mendoncia would be the most immedi-
ate genera after Staurogynei. As the chloroplast genome
sequence of S. concinnula reported in this study is the
first among the species of the same genus, the finding of
this study has provided insight into the phylogenetic
placement of Staurogynei at the chloroplast genome level.
As the chloroplast genome sequence is proposed to be
useful in resolving the relationship among species in com-
plicated genera (Li et al. 2018; Han et al. 2022), it may
provide a greater resolution toward phylogenetic analysis
of Staurogynei; thus, provides aid to the understanding of
the evolution pattern and phylogenomics of Acanthaceae.
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