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ABSTRACT

Ludwigia adscendens (L.) Hara, 1953 (L. adscendens) belongs to the family Onagraceae, which is a trad-
itional medicinal plant distributed worldwide. In this study, the first complete chloroplast genome of
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L. adscendens was sequenced and assembled. The assembled chloroplast genome of L. adscendens is

159,560 bp in length, containing a pair of inverted repeat region A (IRA) of 24,762 bp, inverted repeat
region B (IRB) of 24,762 bp, separated by a large single-copy (LSC) sequence of 90,276 bp and a small
single-copy (SSC) region of 19, 760 bp, respectively. A total of 129 genes were annotated in the entire
chloroplast genome, consisting of 37 transfer RNA (tRNA) genes, 8 ribosomal RNA (rRNA) genes, and 84
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protein-coding genes, with a total GC content of 37.27%. The phylogenomic analysis showed that
L. adscendens was closely related to L. octovalvis in the Onagraceae family. Further evolutionary studies
of the genus Ludwigia could benefit from the complete chloroplast genome of L. adscendens present
in this study and the obtained results would provide useful information for future phylogenetic,

taxonomic, and evolutionary studies on Onagraceae.

Introduction

L. adscendens is a perennial floating aquatic herbaceous
plant, in the genus Ludwigia of the family Onagraceae, which
is commonly known as Water Dragon (Baky et al. 2022).
L. adscendens are distributed worldwide but are mainly dis-
tributed in Asia and are common in southern China. Current
research about L. adscendens mainly focuses on its improve-
ment of the water environment, biological functions, chem-
ical composition, and its protection effects against plant
diseases (Barik et al. 2004; Ahmed et al. 2005; Ooh et al.
2014; Xu et al. 2020, 2021; Baky et al. 2022). Studies have
shown that during the growth process of L. adscendens, this
plant can absorb nutrients in wastewater, and thus play a
promising role in improving water pollution (Xu et al. 2020;
2021). The mature leaves of L. adscendens, which contain a
thin layer of epicuticular waxes, have been reported to have
a protective effect against plant diseases (Barik et al. 2004).
L. adscendens whole plant extract showed a broad spectrum
of antibacterial activity (Ahmed et al. 2005). In the ‘Flora of
China’, L. adscendens whole grass has been traditionally used
in heat clearance and detoxification, diuretic detumescence,
and can also treat snake bites. Using high-performance liquid
chromatography (HPLC), several bioactive compounds have
been identified from L. adscendens, including coumaric acid,

gallic acid, myricetin, saponins, triterpenoids, flavonoids, and
oligosaccharides (Ooh et al. 2014; Baky et al. 2022).
These studies further showed that L. adscendens have a
broad spectrum of biological functions, such as anti-diabetic,
hepatoprotective, cytotoxic, anti-oxidative, iron chelating, and
anti-lipoxygenase and anti-glucosidase activities (Ooh et al.
2014; Baky et al. 2022). Until now, the chloroplast genomes
of several species of the Onagraceae family have been pub-
lished (Yang et al. 2018; Li et al. 2019; Meng et al. 2021;
Zhang et al. 2021). However, L. octovalvis is the only species
of the genus Ludwigia that has been reported for the com-
plete chloroplast genome sequence information (Liu et al.
2016). In this study, the whole chloroplast genome sequenc-
ing of L. adscendens is reported for the first time, which will
provide important information for the genetic resources and
phylogenetic relationships of the genus Ludwigia and family
Onagraceae.

Materials and methods
Samples, DNA extraction, and sequencing

The fresh samples of L. adscendens were collected by
Jiegiong Shen from Mt. Danan of Hui Lai town at Jieyang city
of Guangdong province in China (GPS: E116°10'44.8",

CONTACT Jun Xiao @ xiaojun@zcmu.edu.cn @ School of Pharmaceutical Sciences, Zhejiang Chinese Medical University, Hangzhou, China
@ Supplemental data for this article can be accessed online at https://doi.org/10.1080/23802359.2023.2292741.

© 2023 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been published allow
the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.


http://crossmark.crossref.org/dialog/?doi=10.1080/23802359.2023.2292741&domain=pdf&date_stamp=2023-12-18
https://doi.org/10.1080/23802359.2023.2292741
http://creativecommons.org/licenses/by-nc/4.0/
http://www.tandfonline.com

1422 J. SHEN ET AL.

Figure 1. Image of L. adscendens. Jiegiong Shen collected the plant from Mt. Danan of Hui Lai town, Jieyang city, Guangdong province of China (GPS:
E116°10'44.8", N23°16'44.6"). The floating stem of L. adscendens can be up to 3 meters long and the standing stem up to 60 cm long. A rootlike float with many
palpate roots, often clustered in a cylindrical. The leaves are obovate, elliptic or obovate-lanceolate. Branches in xerophilic environments are often puberulent but

rarely flower.

N23°16'44.6") (Figure 1). Later, the voucher specimens and
samples (DNA) were kept in the Herbarium of the College of
Pharmaceutical  Sciences, Zhejiang Chinese  Medical
University (J. Xiao, xiaojun@zcmu.edu.cn), voucher number
ZCMU-SQJ-818. Total genomic DNA was extracted using the
plant genomic DNA kit (Tiangen Biotech, Beijing, China). The
DNA purity was examined with 1.0% agarose gel. After that,
the qualified library was sequenced using the Illlumina
Novaseq platform and the paired-end sequencing (PE) read
length was 150bp and the insert size was 350bp. The
NGSQC Toolkit_v.2.3.3 was used to filter the raw sequencing
reads (Patel and Jain 2012).

Genome assembly and annotation

De novo assembly was performed using SPAdes software
(Bankevich et al. 2012). The assembly accuracy and efficiency
were further improved using the GetOrganelle program (Jin
et al. 2020), with Ludwigia octovalvis (L. octovalvis) as the ref-
erence (GenBank accession number: NC_031385.1). The newly
annotated chloroplast genome was submitted to GenBank
with accession number OR438636.1. Next, we verified the
accuracy of the assembly by mapping our clean reads back
to the assembled complete chloroplast genome sequence by
Geneious Prime 2023.2 (https://www.geneious.com/) to assess
the depth of coverage (Figure S1). The cis/trans splicing gene
maps were drawn by the CPGview program (http://www.
Tkmpg.cn/ cpgview) (Liu et al. 2023) and were shown in
Figures S2 and S3. Then, a circular map of the complete cp
genome in L. adscendens was visualized by OGDRAW
(https://chlorobox.mpimp-golm.mpg.de/OGDraw.html)
(Greiner et al. 2019).

Phylogenetic analysis

To reveal the phylogenetic relationship of L. adscendens, the
sequences of the other 23 chloroplast genomes were down-
loaded from NCBI (https://www.ncbi.nlm.nih.gov). In addition,
we compared the genome sequences of L. adscendens and
23 other species through MAFFT v7.4 (Katoh and Standley
2013). Finally, a maximum likelihood tree (ML) with 1000
bootstrap repeats was established using RAxML v8.2
(Stamatakis 2014), with GTRGAMMA as the best nucleotide
substitution model.

Results

Our results showed that the size of the chloroplast genome
of L. adscendens was 159,560 bp with a typical circular struc-
ture and a GC content of 37.27%. It consisted of a large sin-
gle copy region (LSC) of 90,276 bp, a small single copy region
(SSC) of 19,760 bp, and two inverted repeating regions (IR) of
24,762 bp. A total of 129 genes were annotated in the chloro-
plast genome of L. adscendens, including 84 protein-coding
genes, eight rRNA genes, and 37 tRNA genes. Among these
genes, seven tRNA (trnl-UAA, trnV-UAC, trnl-GAU, trnA-UGC,
trnR-ACG, trnN-GUU, trnG-UCC, and trnK-UUU) and four rRNA
genes (rrn5, rrn4.5, rrn23, rr16) have two copies (Figure 2).
IQTree conducted the phylogenetic analysis with 23
chloroplast genomes of the Onagraceae family (Figure 3). As
shown in the figure, six clades were generated in the phylo-
genetic tree, consisting of Ludwigia, Epilobium, Chamerion,
Oenothera, Circaea, and outgroup. Our results showed that
L. adscendens was more closely related to L. octovalvis, as the
two species were clustered together under the genus
Ludwigia. The complete chloroplast genome sequence of
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Figure 2. Schematic map of overall features of the chloroplast genome of L. adscendens. The genes coding forward are on the outside of the circle, and the genes
coding backward are on the inside of the circle. The gray circle inside represents the GC content. Different colors represent different gene types, the detailed gene

types are listed in the captions.

L. adscendens together with its annotations have been depos-
ited into the NCBI GenBank database under the accession
number OR438636.1.

Discussion and conclusion

Plastid genome sequences are widely used in phylogenetic
implications, population genetic study, and species identifica-
tion (Yang et al. 2013). Here, we reported the 159,560 bp
whole chloroplast genome sequence of L. adscendens, which
encodes a total of 129 genes and comprises a large and
small single-copy region as well as a pair of inverted repeats
region. Similar to many studies, the overall gene order, GC
content, and gene direction of the L. adscendens cp genome
are comparable to those published chloroplast genomes of
Ludwigia species such as L. octovalvis (Liu et al. 2016). We
also fully identified the polymorphic SSR in the L. adscendens

cp genome and investigated the phylogenetic relationships
between L. adscendens and other Onagraceae plants. Earlier
studies were unable to distinguish species clearly when used
to infer the phylogenetic relationship in Onagraceae (Yang
et al. 2018; Li et al. 2019; Meng et al. 2021; Zhang et al.
2021). In this study, the complete chloroplast genome of
L. adscendens was sequenced and its phylogenetic relation-
ship was analyzed. Phylogenetic analysis of 22 species of
Onagraceae strongly supported that Ludwigia was monophy-
letic with strong bootstrap and L. adscendens was genetically
closely related to L. octovalvis. These results probably implied
that the chloroplast genomes can better resolve the inter-
specific relationship within Onagraceae. Further study into
evolutionary biology, population genetics, and species identi-
fication of L. adscendens with related species might be built
upon the entire structure of the chloroplast genome shown
here. These results provide the basis for further studies of
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Figure 3. Maximum likelihood tree based on 84 protein-coding gene sequences of 24 complete chloroplast genomes. The GenBank accession number has been
provided within parentheses after the species name. Numbers above the branches indicate bootstrap-supporting values based on 1000 replicates. The bar repre-

sents 0.005 nucleotide substitution per site.

molecular evolution in Onagraceae plants. In conclusion, our
results provide genetic resources for conservation and future
evolutionary studies of the genus Ludwigia. In addition, it
may contribute to better resolving evolutionary relationships
within phylogenetic clades of Onagraceae.
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