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ABSTRACT
Hydrocotyle sibthorpioides Lam. is a widespread and important Chinese medicinal plant. In this study,
we have sequenced the complete chloroplast genome of H. sibthorpioides, which is 152,880 bp in length
with large (LSC 84,064 bp) and small (SSC 18,690 bp) single-copy regions separated by a pair of inverted
repeats (IRs 25,063 bp) and contains 113 unique genes with 17 genes duplicated in the IR making a
total of 130 genes. The phylogenetic analysis strongly supports the position of H. sibthorpioides and
indicates it belongs to the Araliaceae family, potential to facilitate a better understanding of population
and phylogenetic studies in Apiales.
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Hydrocotyle sibthorpioides is a widespread and perennial herb.
As an important Chinese medicinal plant, it is often used for
treating immune disorders and liver diseases. It is reported
that it is effective in the treatment of rheumatalgia, dysen-
tery, jaundice, and exerted a potent inhibitory effect on the
growth of tumours (Huang et al. 2013).

Hydrocotyle sibthorpioides used to belong to Apiaceae, but
in mostly molecular-based APG III system (APG, 2009), its
genus, Hydrocotyle, is placed in Araliaceae. Considering that
chloroplast DNA (cpDNA) conservativity and its slow rate of
nucleotide substitution make cpDNA widely used in plant
phylogeny (Olmstead & Palmer 1994); thus, we report com-
plete chloroplast genome of H. sibthorpioides and conduct
phylogenetic trees for intention of confirming its position in
Apiales.

Fresh leaves of H. sibthorpioides were collected from
Zhejiang University. Voucher specimen (accession number:
CJ201505140311a) were deposited into Institute of
Biomedical Engineering of Zhejiang University, Hangzhou,
China. Pure cpDNA was sequenced using Illumina sequencing
platform (Illumina Inc., San Diego, CA). Illumina sequencing
data were assembled using SOAPdenovo (Luo et al. 2012).
The chloroplast genome was annotated using DOGMA
(Wyman et al. 2004) with manual correction. After using
Gblocks Version 0.91b (Talavera & Castresana 2007) for the
selection of conserved regions and Modeltest version 3.7
(Posada & Crandall 1998) for appropriate model selection,

maximum likelihood (ML) analysis were performed using
RAxML 8.0.19 (Stamatakis 2014).

The complete chloroplast genome of H. sibthorpioides
(GenBank assession number KT589392) is 152,880 bp in
length with 62.49% AT content, and shows a typical quadri-
partite structure with a pair of inverted repeats (IRs,
25,063 bp), separated by a small single-copy region (SSC,
18,690 bp) and a large single copy region (LSC, 84,064 bp),
respectively. This chloroplast genome contains 113 unique
genes consisting of 79 protein-coding genes, four ribosomal
RNA genes and 30 transfer RNA genes, with 17 genes dupli-
cated in the IR making a total of 130 genes, and ycf1, ycf15,
rps19 in the IR regions are pseudogene. The gene organiza-
tion and content of H. sibthorpioides are similar to those pre-
viously reported species belonging to the Araliaceae family,
especially Hydrocotyle verticillata.

The phylogenetic relationship of H. sibthorpioides was
deduced by its comparison with other 17 Apiales chloroplast
genomes and Chrysanthemum indicum added as the out-
group based on 80 common protein-coding genes. ML analy-
ses yielded a topology structure with high bootstrap support
values (Figure 1). In ML tree, there are two families,
Araliaceae and Apiaceae, in Apiales. The chosen core
Araliaceae strongly formed two major groups consisting with
previous studies (Li et al. 2013). As placed in Araliaceae fam-
ily, the Hydrocotyle genus is the earliest diverging lineage,
which was identified as sister to the rest with strong support.
Despite the fact that H. sibthorpioides used to belong to
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Apiaceae in traditional plant classification such as Cronquist
system, this result is consistent with previous phylogenetic
studies (Lowry et al. 2001; Plunkett et al. 2004; Nicolas &
Plunkett 2009; Chen et al. 2016) and APG III system.
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Figure 1. The phylogenetic tree of Apiales based on 80 protein coding genes. Maximum likelihood bootstrap support values are shown beside nodes.
Chrysanthemum indicum was set as the outgroup.
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