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ABSTRACT
Clerodendrum japonicum (Thunb.) Sweet belongs to the genus Clerodendrum in the family Lamiaceae. It
is an important medicinal plant with great ornamental and economic value. We sequenced and ana-
lyzed the complete chloroplast genome of C. japonicum by Illumina sequencing in this study. The full
length of the complete chloroplast genome is 152,215bp, containing a pair of inverted repeat regions
of 25,705bp (IRa and IRb) separated by a large single-copy region (LSC) of 83,491bp and a small single-
copy region (SSC) of 17,314bp. The C. japonicum chloroplast genome encodes 131 genes, comprising
85 protein-coding genes, 37 tRNA genes, 8 rRNA genes, and 1 pseudogene. This study will be useful for
further study on population, phylogenetic, and molecular genetic studies of this medicinal plant.
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Clerodendrum japonicum (Thunb.) Sweet is one species of the
genus Clerodendrum (Lamiaceae), which is distributed pre-
dominantly in Guangdong, Fujian and Guangxi provinces in
China. This species grows as 1–4m shrubs with 4-angled
branchlets that are pubescent to subglabrous with nodes
that are sometimes villous. It bears thyrses with reddish
bracts and bractlets that are usually reddish. The calyx is red,
pubescent and deeply 5-lobed with a sandy, glandular outer
surface. The corolla is a white or red tube with a 1.5–2.2 cm
diameter that is slightly larger than the calyx (Wu and Raven
1994). It has been used in traditional medicine to treat upper
respiratory tract infections, diarrhea, skin diseases, pneumo-
nia, cough, fever, and conjunctivitis (Jia and Li 2005). The
C. japonicum specimen used for plastome sequencing was
cultivated in the Biological Garden of Zhaoqing University
(N23�60, E112�300, Zhaoqing, China). The voucher specimen
(No. BGCLSZU002) was deposited in the Herbarium of
Zhaoqing University (IH code: GDZQU).

Total DNA of C. japonicum was extracted from a combin-
ation of young leaves taken from several different plants that
were clonally propogated using the Plant Genomic DNA Kit
(Tiangen, Beijing, China). And then it was sonicated into
300bp fragments using the Covaris M220 (Covaris, Woburn,
MA, USA) to construct shotgun sequencing libraries according
to the TruSeqTM DNA Sample Prep Kit for Illumina. Whole gen-
ome sequencing was executed using the Illumina NovaSeq
platform (Illumina, USA) (Genepioneer Biotechnologies Co. Ltd,
Nanjing, China). Pair-end Illumina raw reads where cleaned
from adaptors and barcodes and then quality filtered using
Trimmomatic (Bolger et al. 2014). Putative reads were mapped

to the C. mandarinorum plastome (MN814861.1) as reference
and Bowtie2 v2.2.4 (Langmead and Salzberg 2012) was used
to exclude reads of nuclear and mitochondrial origins. The
chloroplast genome was reconstructed with SPAdes 3.10.1
through de novo assembly method (Bankevich et al. 2012),
and chloroplast contigs were concatenated into larger contigs
using Sequencher 5.3.2 (Gene Codes Inc., Ann Arbor, MI, USA).
The assembled C. japonicum plastome had a high average
coverage depths of 3,653X (ranged from 955 to 4664X).
Annotation of the chloroplast genomes were generated by
CpGAVAS (Liu et al. 2012) and a circular representation was
drawn using the online tool OGDRAW (Lohse et al. 2007). The
complete chloroplast genome sequence has been submitted
to GenBank with the accession number of MW307827.

The length of chloroplast genome sequence of C. japoni-
cum is 152,215 bp, including two inverted repeat regions (IRa
and IRb, each 25,705 bp) separated by a LSC (83,491 bp)
region and a SSC (17,314 bp) region. The GC content of the
overall chloroplast genome, IR regions, LSC, and SSC are
38.05, 43.27, 36.12 and 31.90%, respectively. The chloroplast
genome contains 131 genes in total, including 85 protein-
coding genes, 37 tRNAs, 8 rRNAs, and 1 pseudogene.

Plastomes from 34 species from Lamiaceae and its sister
families available on NCBI GenBank were aligned with that
from C. japonicum using MAFFT v7.427 (Katoh et al. 2005).
Gaps were removed using trimAl with ‘-nogaps’ v 1.4
(Capella-Gutierrez et al. 2009). Maximum-likelihood (ML)
method was used to construct the phylogenetic tree with
MEGA v7.0 (Kumar et al. 2016). As shown in the phylogenetic
tree (Figure 1), C. japonicum forms a clade with only
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Caryopteris incana and Clerodendrum lindleyi, and this clade is
sister to another that contains Clerodendrum mandarinorum,
Caryopteris trichosphaera, and the other Teucrioideae taxa for
which whole chloroplast genomes have been sequenced (Li
et al. 2016). The phylogenetic reconstruction suggests that
genus Clerodendrum may not be monophyletic and/or there
was a chloroplast capture event that resulted from an ances-
tral hybridization between early progenitors.
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Figure 1. Phylogenetic reconstruction of 35 species based on whole chloroplast genome sequences. Bootstrap support values are indicated at each node. NCBI
GenBank accession numbers are as follows Ajuga ciliata MN814853, Ajuga decumbens MN814854, Callicarpa bodinieri MW149077, Callicarpa formosana NC_052748,
Callicarpa longifolia var. floccosa MW149076, Caryopteris incana MN918534, Caryopteris trichosphaera MN814860, Clerodendrum japonicum MW307827, Clerodendrum
lindleyi MW411449, Clerodendrum mandarinorum MN814861, Dracocephalum moldavica MT457747, Elsholtzia densa MN793319, Haplostachys linearifolia KU724137,
Isodon serra MT317099, Lamium album KY562589, Lamium takeshimense MN240520, Lavandula dentata MK791204, Mazus pumilus MT937187, Mentha canadensis
MN047448, Mentha longifolia KU956042, Ocimum gratissimum MW348919, Phryma leptostachya subsp. asiatica MT948145, Phyllostegia velutina KU724134,
Pogostemon stellatus KP718620, Premna microphylla KM981744, Salvia miltiorrhiza f. alba MT012420, Salvia sclarea MN520023, Scutellaria amoena MN128386,
Scutellaria indica var. coccinea MN047312, Stachys byzantina KU724141, Stenogyne sessilis KU724135, Teucrium mascatense MH325132, Teucrium omeiense MN814871,
Thymus japonicus MN867687, Vitex negundo MW366787.
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