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ABSTRACT 
The medicinal plant Cyperus brevifolius (Rottb.) Hassk. 1844 has a long history of use in traditional 
Chinese medicine. In this study, we determined and systematically analyzed the complete chloroplast 
(cp) genome of C. brevifolius. The genome is 183,717 bp in length with a GC content of 33.24%. It com-
prises four distinct regions: a large-single copy (LSC) region of 101,190 bp, a small-single copy (SSC) 
region of 10,366 bp, and two inverted repeat (IR) regions of 36,079 bp each. A total of 137 genes are 
present in the genome including 89 protein-coding genes, 40 tRNA genes, and eight rRNA genes. 
Phylogenetic analysis reveals that C. brevifolius belongs to the Cyperus genus. This newly sequenced cp 
genome provides valuable insights for future genetic and genomic studies on Cyperus.
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1. Introduction

Cyperus brevifolius (Rottb.) Hassk. 1844, a widely distributed 
perennial herb in several provinces of China including 
Jiangsu, Anhui, Zhejiang, Fujian, Hubei, Sichuan, and Yunnan, 
exhibits robust vitality and rapid growth. Previous studies 
have investigated the pharmacological activity of C. brevifo-
lius and demonstrated its hepatoprotective, sedative, digest-
ive, diuretic, sudorific antispasmodic effects as well as its 
sedative and anticonvulsant properties (Helli�on-Ibarrola et al. 
2016; Chen et al. 2020). Additionally, this plant shows poten-
tial for biomonitoring and bioremediation (Hao et al. 2013; 
Sarma et al. 2017). Despite extensive research on the proper-
ties and applications of C. brevifolius in fields such as pharma-
cology and environmental science researches, its chloroplast 
(cp) genome remains unexplored. Chloroplasts are vital 
organelles in plant cells that play a pivotal role in energy 
conversion and biosynthesis. Their genome encompasses 
numerous genes associated with photosynthesis and other 
metabolic processes (Daniell et al. 2016). With advancements 
in sequencing technology from first to third generation, the 
utilization of cp genomes has become widespread in phylo-
genetic and species research (Perumal et al. 2021). Currently, 
only 13 cp genomes belonging to Cyperus are available 
according to the Chloroplast Genome Information Resource 
(https://ngdc.cncb.ac.cn/cgir/genome?term=Cyperus), which 
limits molecular identification methods for this genus. 
Therefore, we aimed to construct a high-quality assembled 
cp genome of C. brevifolius to facilitate molecular investiga-
tions into genetic diversity and phylogenetic relationships.

2. Materials and methods

The young and fresh leaves of C. brevifolius (Figure 1) were 
collected from Wuhan City, Hubei Province, China (30.48�N, 
114.36�E). As C. brevifolius is not categorized as an 

Figure 1. Reference image of the C. brevifolius used in this study. This image 
was taken by the authors (Xia Fan). The most characteristic feature of the speci-
men: leaves shorter to slightly longer than culm, mouth obliquely truncate, 
apex acuminate; spike single, rarely 2 or 3, globose to ovoid-globose, with 
numerous densely arranged spikelets.
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endangered species, there is no requirement for obtaining 
permission to collect specimens. The collected specimen has 
been preserved in the Herbarium of Huanggang Normal 
University (voucher number 202310HJGC003) and can be 
accessed through the contact person Xia Fan (fanxia@hgnu. 
edu.cn).

The total genomic DNA was extracted using a modified 
CTAB method (Allen et al. 2006). Subsequently, libraries with 
an average length of 400 bp were constructed using the 
Nextera XT DNA Library Preparation Kit (Illumina, San Diego, 
CA). Library sequencing was performed on the Illumina 
NovaSeq 6000 platform by Personal Biotechnology (Shanghai, 
China). The assembly of plastome was conducted using 
GetOrganelle version 1.7.7 (Jin et al. 2020), and the annota-
tion was carried out with GeSeq (Tillich et al. 2017). The gen-
ome map was generated using CPGview (Liu et al. 2023). To 
determine the phylogenetic position of C. brevifolius, the 
complete cp genome sequences of 16 species belonged to 

Cyperus were obtained from NCBI (https://www.ncbi.nlm.nih. 
gov/), along with Gymnanthemum amygdalinum as an out-
group. Multiple sequence alignment of the entire plastome 
sequences was performed using MAFFT software (Katoh and 
Standley 2016) under default parameters. A maximum-likeli-
hood (ML) phylogenetic tree based on the Best-fit model of 
GTR þ F þ G4 was constructed using IQ-TREE v2.0 (Nguyen 
et al. 2015), and bootstrap replicates were set to 1000. The 
comparative analysis between C. brevifolius and C. aromaticus, 
C. michelianus and C. glomeratus was conducted using the 
mVISTA program (Frazer et al. 2004) in a Shuffle-LAGAN 
mode with default parameters.

3. Results

The cp genome size of C. brevifolius (accession number 
OR726385) was 183,717 bp, with an average depth of 
�597.14 (Figure S1). The base composition of this cp genome 

Figure 2. Genome map of C. brevifolius chloroplast genome was generated using CPGview. The map contains six tracks. From the inner circle, the first track depicts the dis-
persed repeats connected by red (forward direction) and green (reverse direction) arcs, respectively. The second track shows the long tandem repeats as short blue bars. The 
third track displays the short tandem repeats or microsatellite sequences as short bars with different colors. The fourth track depicts the sizes of the inverted repeats (IRa and 
IRb), small single-copy (SSC), and large single-copy (LSC). The fifth track plots the distribution of GC contents along the plastome. The sixth track displays the genes belonging 
to different functional groups with different colored boxes. The outer and inner genes are transcribed in the clockwise and counterclockwise directions, respectively.
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is as follows: A (33.18%), T (33.58%), C (17.00%), and G 
(16.24%) resulting in a GC content of 33.24%. The cp genome 
exhibited a typical quadripartite structure consisting of a 
large-single copy (LSC) region (101,190 bp), a small-single 
copy (SSC) region (10,367 bp), and a pair of inverted repeat 
(IR) regions (36,080 bp) (Figure 2). In total, there were 137 
genes identified in the cp genome of C. brevifolius including 
89 protein-coding genes, 40 tRNA genes, and eight rRNA 
genes. Notably, among these genes were 10 unique cis-splic-
ing genes namely rps16, ycf3, atpF, rpoC1, petB, petD, rpl2, 
rpl16, ndhA, and ndhB while the gene rps12 was trans-splic-
ing (Figure S2). Furthermore, the phylogenetic relationships 
between C. brevifolius and other members of Cyperus genus 
were explored. The results showed that C. brevifolius was 
belonged to Cyperus genus (Figure 3).

In addition, we performed genomic hotspot analysis 
using mVISTA between C. brevifolius and three species 
belonged to Cyperus genus (C. aromaticus, C. michelianus, 
and C. glomeratus). The mVISTA analysis showed that the 
SSC region was more conserved than the LSC and IR 
regions (Figure S3). In addition, sequence divergence 
among all Cyperus was relatively high and mainly concen-
trated in conserved non-coding sequences and in 
Untranslated Transcribed Regions (UTR). However, variation 
among species seemed to be negligible for UTRs located 
in the IR region. Substitutions were more frequent but 
indels (trnT-UGU, trnL-UAG) (Figure S3).

4. Discussion and conclusions

Chloroplasts, as the central hub of photosynthesis and energy 
transduction, play a pivotal role in plant growth and yield (Yu 
et al. 2014). In this study, the complete cp genome of C. brevi-
folius was sequenced, assembled, and annotated for the first 
time. The genomic structure of C. brevifolius consists of a pair 
of IRs, a SSC region, and a LSC region that is similar to the 
majority of other angiosperms (Liu et al. 2022). The phylogen-
etic analysis revealed that C. brevifolius belongs to Cyperus 
genus. We analyzed the cp genomes of C. brevifolius and three 
other Cyperus species, which showed similar genome sizes and 
CG% content (Table S1). Additionally, among these four spe-
cies, C. michelianus exhibits the highest total number of genes 
and CDS genes, while the number of rRNA genes remains con-
sistent across all four species (Table S1).

This study provides valuable molecular insights into eluci-
dating phylogenetic relationships within the Cyperus genus. 
Furthermore, this genomic resource will facilitate further gen-
etic and genomic investigations, including systematic 
research advancements, plant exploitation, and resource con-
servation within the Cyperus genus.
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Figure 3. Maximum-likelihood phylogenetic tree of seven related species belonging to Cyperus and the placement of C. brevifolius, 11 species belonging to seven 
genus of Cyperaceae. Gymnanthemum amygdalinum (Asteraceae) was used as an outgroup. The bootstrap support values are shown on the nodes. The following 
sequences were used: Cyperus brevifolius OR726385 (this study), Cyperus aromaticus MT937178, Cyperus exaltatus MW123055, Cyperus iria MW123056 (Yang et al. 
2021), Cyperus difformis OK539707 (Wu et al. 2021), Cyperus papyrus MZ895088, Cyperus michelianus OK539709 (Wu et al. 2021), Cyperus glomeratus OK539708 (Wu 
et al. 2021), Bolboschoenus planiculmis MZ751078 (Ning et al. 2024), Eleocharis dulcis MN967018 (Lee et al. 2020), Eleocharis cellulosa MN985041 (Lee et al. 2020), 
Carex gibba OK539703 (Wu et al. 2021), Carex lithophila ON920464 (Xu et al. 2023), Carex capillifolia OL674105, Carex kokanica OL674106, Hypolytrum nemorum 
KU207098, Gahnia tristis OK539723 (Wu et al. 2021), Isolepis setacea MW041568, Scleria parvula OK539742 (Wu et al. 2021), and Gymnanthemum amygdalinum 
MT795180 (Zhou et al. 2021).
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