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ABSTRACT

We sequenced and published the chloroplast genome of Commelina caroliniana Walter, which was pre-
viously misidentified as C. diffusa owing to their morphological similarities until 1989. The genome of
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C. caroliniana is 160,857 bp long [large single copy region: 88,064 bp; a small single copy region:

18,549 bp; two inverted repeat regions: 27,122 bp] and has a GC content of 35.7%. The genome com-
prises 133 genes, including 87 coding sequences (CDSs), 38 tRNAs, and eight rRNAs. The phylogenetic
relationship between C. caroliniana and related species was analyzed using the maximum likelihood

KEYWORDS

Plastome; coding
sequences; Commelina;
phylogenetic relationship

method based on the 79 CDSs of the chloroplast genome. Phylogenetic analysis revealed that C. caro-
liniana is closely related to C. communis. Our findings will contribute to studies on species identification
and phylogenetic and evolutionary research. These results enhance our understanding of the

Commelina genus.

Introduction

Commelina caroliniana Walter, 1788, is a well-known invasive
alien species in the United States (Faden 1989; Faden 1993;
Kang et al. 2021) (Figure 1). However, until 1989, it was rec-
ognized as the same species as the more commonly encoun-
tered C. diffusa Burm.f,, with a wider distribution range than
C. caroliniana, because of their morphological similarities
(Faden 1989; Faden 1993; Kang et al. 2021; Plants of the
World Online 2023). While C. caroliniana has distinguishable
features in the forms of inflorescence, flowers, and seeds
from those of C. diffusa, these characteristics are difficult to
discern and can be easily overlooked, leading to occasional
misidentification.

Molecular methods, including the creation and application
of DNA barcoding or primer markers, are valuable tools for
ascertaining the identity of species that are challenging to be
identified morphologically (Nock et al. 2011; Li et al. 2015).
Additionally, molecular taxonomic investigations involving a
greater number of species can provide valuable insights for the
identification of species within Commelina L. and understanding
the dynamic interrelationship with its related taxa (Nock et al.
2011; Li et al. 2015; Li et al. 2016). This can enhance our under-
standing of the taxonomic status of Commelina.

The incorporation of chloroplast genomes plays a crucial
role (Nock et al. 2011; Li et al. 2015; Li et al. 2016; Daniell
et al. 2016). However, in the genus Commelina, chloroplast
genomes have been reported only for two taxa: C. communis
L. and C. benghalensis L. (Cui and Liang 2019). Given this

limitation, the present study aimed to analyze the chloroplast
genome sequence of C. caroliniana. The findings of our study
aim to provide foundational data for future studies on the
identification, evolution, and phylogenetic classification of
species within the genus Commelina and its related taxa.

Materials and methods

C. caroliniana was identified and collected by Eun Su Kang in
November 2021 from Sagye-ri, Andeok-myeon, Seogwipo-si,
Jeju-do, South Korea (33°14'24.8" N, 126°17'41.1" E). The spe-
cimen was deposited at the Korea National Arboretum (KH)
(http://www.nature.go.kr, Dong Chan Son, e-mail: sdclym@
korea.kr, Voucher number: Sagyeri211101-1). DNA was
extracted from the dried leaves of the samples using the
DNeasy Plant Mini Kit (Qiagen, Hilden, Germany) following
the manufacturer’s protocol provided with the kit. High-pur-
ity gDNA was isolated from the extracted DNA on a 2% agar-
ose gel, which was then sequenced on an lllumina MiSeq
platform with a 301 bp insert size. A total of 7,438,888 reads
were acquired. The reads were merged using NOVOWrap
v.1.20 (Wu et al. 2021), with reference to C. benghalensis
(NC072999) registered in the NCBI database. To confirm the
accuracy of the assembly, we utilized Bandage v.0.8.1 to
examine the structural characteristics of the combined
chloroplast genome (Wick et al. 2015) (Figure S1), and the
read coverage depth was verified wusing the
Draw_SequencingDepth.py script provided by Ni et al. (2023)
(Figure S2). Finally, the genome sequence was annotated
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Figure 1. Photographs of the Commelina caroliniana. (A) The plant has a stem that creeps and spreads diffusely on the ground, rooting at the nodes; (B) Involucral
bract is falcate and usually ciliate basally, ciliate on peduncle; (C) Flower has three steminodes with developed antherode; (D) Staminode has yellow antherode, usu-
ally with a brown spot in its center; (E) Seed testa is smooth to slightly alveolate. All photographs were taken by Eun Su Kang in Seogwipo-si, Jeju-do, South Korea.

using GeSeq (Tillich et al. 2017), and the genome map was
drawn using CPGView (http://www.1kmpg.cn/cpgview).

The phylogenetic relationship between C. caroliniana and
related taxa was analyzed using the maximum likelihood
(ML) method based on the coding sequences (CDSs) of the
complete chloroplast genomes, all of which were registered
with the NCBI. Along with C. caroliniana, a total of ten taxa
were studied. Hanguana malayana (Jack) Merr. (NC029962), a
member of the Hanguaceae family and closely related to
Commelinaceae, was used as the outgroup in this study.
Using Geneious v.8.0.5. (https://www.geneious.com), 79 CDSs
were concatenated and aligned with MAFFT. PhyloSuite
v.1.2.2 was used to test the analysis model (Zhang et al.
2020), and IQ-tree v.2.1.3 with the setting GTR + F4+R3 model
and 1,000 bootstrap replicates was used for ML analysis
(Minh et al. 2020). The ML analysis result was visualized using
FigTree v1.4.4 (http://tree.bio.ed.ac.uk/software/figtree).

Results

The complete chloroplast genome (GenBank accession no.
OR936140) is 160,857 bp long, with a GC content of 35.7%

(Figure 2). The genome structure is divided into four seg-
ments, which include the large single copy (LSC) region, a
small single copy (SSC) region, and two inverted repeat (IR)
regions, commonly observed in angiosperms. The lengths of
the LSC, SSC, and IR regions were 88,064 bp, 18,549 bp, and
27,122 bp, respectively. The genome contained a total of 133
genes, including 87 CDS, 38 tRNA, and eight rRNA genes. In
the IR regions, there were eight CDS, eight tRNA, and four
rRNA genes, totaling 20 genes (CDS: ndhB, rpl2, rpl22, rpl23,
rps7, rpsi12, rps19, and ycf2; tRNA: trnA-UGC, trnH-GUG, trnl-
CAU, trnl-GAU, trnL-CAA, trnN-GUU, trnR-ACG, and trnV-GAC;
and rRNA: rrn4.5, rrn5, rri16, and rrn23). The cis-splicing
genes, atpF, ndhA, ndhB, petB, petD, rpl2, rpl16, rpoCl1, and
rps16 have one intron, whereas clpPland pafl have two
introns (Figure S3). The trans-spliced gene, rps12, has one
intron and spans the LSC and IR regions, with its 5 end
located in the LSC region and its 3’ end in the IR region
(Figure S4).

The phylogenetic relationship with closely related species
of C. caroliniana was investigated using ML analysis (Figure
3). The results showed that the Commelinaceae species
formed a monophyletic clade, and Murdannia edulis (Stokes)
Faden (MW617988) diverged first from the other
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Figure 2. Circular map of Commelina caroliniana. The map consists of six tracks. From the center to the outer part, the first track shows dispersed repeats connected
by red and green arcs indicating the direction (forward and reverse, respectively). The second track shows long tandem repeats as blue bands, and the third track
shows short tandem repeats or microsatellites as green bands. The fourth track represents the GC content along the plastome. Finally, the sixth track represents the
genes as colored boxes, the inner boxes present clockwise transcription, and the outer boxes present counterclockwise transcribed genes.

Commelinaceae species within this clade. Subsequently, the
three Commelina species formed a single cluster, diverging
from the other Commelinaceae species [Aneilema beniniense
(P.Beauv.) Kunth, Pollia condensate C.B.Clarke, P. japonica
Thunb., Polyspatha paniculate Benth., and Rhopalephora sca-
berrima (Blume) Faden]. Within the Commelina group, C. ben-
ghalensis diverged first and C. caroliniana was closely related
to C. communis.

Discussion and conclusion

Commelina is the largest genus in the Commelinaceae family,
with approximately 170 species worldwide (Gajurel and
Shrestha 2010; Kaul and Koul 2012; Nandikar and Gurav
2018; Hassemer 2019). Commelina is well known for its per-
sistent nomenclature and taxonomy issues, with several taxa

presenting challenges that remain unresolved to date (Faden
1989; Hassemer 2019). Even with unresolved taxonomic
issues, new species of Commelina have been reported, exac-
erbating confusion for the identification of Commelina spe-
cies (Hassemer 2019; Kang et al. 2021). To address these
issues, various taxonomic studies, including nomenclatural,
morphological, and phylogenetic analyses, are essentially
required. This multidisciplinary approach is crucial for
enhancing our understanding of this genus.

The present study elucidates the nucleotide sequence of
the chloroplast genome of C. caroliniana and ML analysis
based on CDSs revealed that C. caroliniana is closely related to
C. communis. These findings can provide foundational data
and contribute to the resolution of taxonomic issues within
the Commelina genus. Furthermore, considering that this spe-
cies was previously misidentified as C. diffusa, and given the
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Figure 3. Maximum likelihood phylogenetic tree of nine Commelinaceae species and the outgroup, one Hanguanaceae species based on concatenated CDSs of
chloroplast genomes. Numbers on the nodes indicated the bootstrap proportion. The following sequences were used: OR936140, BK062834 (Jung et al. unpub-
lished), BK062835 (Jung et al. in press), NC072999 (unpublished), NC071223 (unpublished), NC057521 (unpublished), MW617991 (Jung et al. 2021), MW617988

(Jung et al. 2021), MK863371 (Cui and Liang 2019), NC029962 (Barrett et al. 2016).

current limitations in available data, the scarcity of information
further emphasizes the considerable significance of this study.
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