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ABSTRACT
The apiaceous species Centella asiatica (Linnaeus) Urban is attractive not only to pharmaceutical
researchers for its versatile medicinal uses, but also to botanists for its phylogenetic significance. We
acquired its whole chloroplast genome (CP) through genome skimming. The CP genome ofCentella asi-
atica was 154,771 bp in length, including a large single-copy (LSC) region with 86176bp, a small single
copy (SSC) region with 18107bp, and a pair of inverted repeats (IR) regions with 25,343bp. The whole
AT content of the CP genome was 62.3%. Phylogenomic analysis revealed that Centella asiatica formed
a separate clade sister to Saniculoideae and Apioideae species in the family Apiaceae. The work pro-
vides beneficial data for following researches on the genetic variation, species identification, phylogeny,
and classification of Centella.
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Centella asiatica (Linnaeus) Urban has been used medicinally
to cure a number of maladies from prehistoric times. In
China, the whole herb is used for its effectiveness in treating
jaundice, heat stroke, fever, diarrhea, urinary stones, blood in
urine, carbuncles and furuncles, and traumas, etc (Chinese
Pharmacopoeia Commission 2015). Its effect on wound heal-
ing was described in World Health Organization
monographs(World Health Organization 1999), and that on
memory and cognitive ability enhancement was also attract-
ive (Howes and Houghton 2003). The whole herb is also
edible. People in the South China often drink it as herbal tea
and also commonly take it as a food therapy material (Xiang
et al. 2016). In Southeastern and South Asian countries, its
fresh leaves can be used as vegetables or for juicing (Kosaka
et al. 2013). Traditionally, Centella species were thought to be
closely related to Hydrocotyloideae. Recent molecular phylo-
genetic studies led to the recognition that the
Hydrocotyloideae was polyphyletic. In this study, we reported
the CP genome of Centella asiatica, in order to inspect its sys-
tematic status from a phylogenomic perspective and to pro-
vide data base for developing molecular marker for
this species.

The fresh leaves of Centella asiatica were obtained from
the medicinal plant garden of Southern Medical University
(113�19043.35ʺE, 23�11020.58ʺN), Guangzhou, China. Voucher
specimen (voucher no. chaozhi2019042601) was identified by
Professor Zhi Chao and was deposited in Southern Medical

University herbarium (SMU, to be listed in the Index
Herbariorum). Total genomic DNA was extracted from
100mg fresh leaves using cetyltrimethyl ammonium bromide
(CTAB) method (Yang et al. 2014). The pair-end sequencing
was performed on Illumina HiSeq system at the Beijing
Genomics Institution (BGI), in Shenzhen, China. The CP gen-
ome of Centella asiatica was assembled by SPAdes
(Bankevich et al. 2012) with that of Hydrocotyle sibthorpioide-
sas as a reference (Accession No. NC030260). The Geneious
(v11.0.4) (Kearse et al. 2012) and Plastid Genome Annotator
(PGA) (Qu et al. 2019) were used for genome annotation. The
annotated sequence had been deposited in GenBank
(Accession No. MN854377).

The complete CP of Centella asiatica displayed a typical
quadripartite structure with 154,771 bp in length, including a
large single-copy (LSC) region with 86,176 bp, a small single-
copy (SSC) region with 18,107 bp, and a pair of inverted
repeats (IR) regions with 25,343 bp. The complete CP includ-
ing 113 genes, consisting of 79 protein-coding genes, 30
tRNA genes, and 4 rRNA genes. Among these genes, 15
genes had 1 intron while 3 genes had 2 introns. The over-all
A-T content of the chloroplast genome was 62.30%.

A phylogenetic analysis was performed based on 21 CP
genomes to reveal the phylogenetic position of Centella asi-
atica. The CP genomes were aligned with MAFFT (Katoh and
Standley 2013) and then adjusted manually by Mega7
(Kumar et al. 2016). The maximum likelihood (ML) tree was
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inferred in IQ-tree based on GTRþ RþI model using1000
bootstrap replicates. Phylogenomic analysis revealed that
Centella asiatica formed a separate branch in the family of
Apiaceae representing subfamily Mackinlayoideae, which is a
sister group to the clades that included the species of
Saniculoideae and Apioideae. Additionally, Hydrocotyle spe-
cies formed a clade sister to the large clade of araliads, con-
firming its systematic position in Aralicaceae. The plastome
based phylogeny was consistent with that proposed in the
APG IV (Angiosperm Phylogeny Group 2016) (Figure 1).
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Figure 1. Maximum-likelihood (ML) tree based on the chloroplast genome of 21 taxa, including Centella asiatica and 1 outgroup taxon (Swida controversa). The
bootstrap support values are indicated at the nodes.
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