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ABSTRACT
Trapa bispinosa Roxb. is an annual aquatic herb with great significance of medicinal, edible and eco-
nomic value. Here, we reported the complete chloroplast genome sequence of Trapa bispinosa and
conducted preliminary investigation of its phylogenetic relationship with other related species. As the
result showed, the whole chloroplast genome size was 155,556bp consisting of four adjoining regions,
i.e., a large/small single copy (LSC, 88,506bp/SSC, 18,274bp) region and two inverted repeat (IRs,
24,388bp) regions. Among 112 identified unique genes were 78 protein coding genes, 30 transfer RNA
(tRNA) genes, and four ribosomal RNA (rRNA) genes. Trapa spp. were precisely clustered as a mono-
phyly, and simultaneously, the closest relation between Trapa bispinosa and Trapa natans were strongly
supported in the maximum likelihood analysis.
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Trapa bispinosa Roxb. (water chestnut) is an annual aquatic
herb used to belong to Trapaceae, and currently is included
in Lythraceae, which is named for its mature fruit shell with
two longer and slightly curved sharp corners (Chen et al.
2007). The species mainly grows in shallow waters such as
lakes and ponds (Gao et al. 2014). It has been widely culti-
vated around the world for its possession of great medicinal
effects, plus economic, edible, and ecological functions
(Adkar et al. 2014). Herein, we reported the complete chloro-
plast genome of Trapa bispinosa and analyzed its phylogen-
etic position within Lythraceae, aiming to provide genome
information for its further research, development, and
application.

We sampled fresh leaves of Trapa bispinosa from the culti-
vation pond of Zhejiang A&F University, Hangzhou, Zhejiang
province, China (30�1304800N, 119�4301200E), and then stored
them at Herbarium of Zhejiang A & F University with code
ZAFU1907211 as the specimen. Genomic DNA was extracted
following Doyle (1987) and Yang et al. (2014). The sequenc-
ing library based on total DNA was established with the aver-
age insert size of 350 bp, and 6.71GB raw data with 150 bp
paired-end reads generated by the Illumina HiSeq2500 plat-
form (Shenzhen, China) and further filtered via Trimmomatic
v0.3 (Bolger et al. 2014). De novo assembly was accomplished
by CLC v9.11 (Nicolas et al. 2017). Taken Trapa maximowiczi

(Xue et al. 2017) chloroplast genome as the reference, con-
tigs alignment was accomplished under the BLAST (Johnson
et al. 2008). The online tool GB2sequin (https://chlorobox.
mpimp-golm.mpg.de/GenBank2Sequin.html) (Lehwark and
Greiner 2019) was utilized to annotate the genome.
MsatCommander v0.8.2.0 (Faircloth 2008) was utilized for the
identification of simple sequence repeats (SSRs). Finally, infor-
mation on the sequence was submitted to GenBank
(Accession number: MW065552).

Four adjacent parts formed the 155,556 bp circular chloro-
plast genome, namely, a large single copy (LSC, 88,506 bp)
region, a small single copy (SSC, 18,274 bp) region, and a pair
of inverted repeat (IRs, 24,388 bp) regions. Overall GC content
reached 36.41%, additionally, 34.19% for LSC, 42.77% for IR,
and 30.18% for SSC. There were in total 112 unique genes
consisting of 78 protein coding genes, 30 transfer RNA
(tRNA) genes and four ribosomal RNA (rRNA) genes, among
which 14 (8 protein coding genes and four tRNA genes) con-
tained one intron, besides, three (rps12, clpP, and ycf3) con-
tained two introns. 332 SSRs were identified, including 198
Mono-nucletide, 55 di-nucletide, 66 tri-nucletide, 11 tetra-
nucletide, and one each for both penta-nucletide and
hexa-nucleotide.

Another 21 related species plastid sequences (18 from
Lythraceae plus three outgroups from Onagraceae) were
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obtained from GenBank to dig the phylogenetic relationship
of Trapa bispinosa. Followed alignment completed by MAFFT
v7 (Katoh et al. 2019) was the maximum likelihood (ML) ana-
lysis performed in IQ-Tree (Nguyen et al. 2015) with the best-
fit model (GTRþG) through ModelFinder (Kalyaanamoorthy
et al. 2017). Obviously, four Trapa species were exactly clus-
tered as a monophyletic clade, among which Trapa bispinosa
showed the closest relationship with Trapa natans (Figure 1).
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Figure 1. ML tree based on the whole chloroplast genome of 19 Lythraceae species with three Onagraceae species as outgroups. The numbers near nodes indi-
cated the bootstrap value. 100% support value was not shown.
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