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ABSTRACT

Akebia trifoliata subsp. australis (Diels) T.Shimizu is a medicinal plant in China. Here, the complete
chloroplast (cp) genome sequence of A. trifoliata subsp. australis was assembled and characterized as a
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resource for future genetic studies. The whole cp genome was 157,952 bp in length, containing of a

large single-copy (LSC) region of 86,596 bp, a small single-copy (SSC) region of 19,060 bp, and two
inverted repeat (IR) regions of 26,148 bp. The new sequence possessed total 113 unique genes, includ-
ing 79 protein-coding genes, 30 tRNA genes and 4 rRNA genes. The nucleotide composition was asym-
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metric (30.3% A, 19.7% C, 19.0% G and 31.0% T) with an overall GC content of 38.7%. The maximum
likelihood phylogenetic analysis based on 10 cp genomes indicated that A. trifoliata subsp. australis was
closely related to Akebia trifoliata subsp. trifoliata. However, Akebia quinata was closely related to

Stauntonia obovatifoliola.

Akebia trifoliata (Thumb.) Koidz. subsp. australis is a perennial
woody plant, belongs to the genus Akebia (Lardizabalaceae)
and mainly distributed in the eastern part of Asia (Liu et al.
2007). Akebia trifoliata subsp. australis as well as A. trifoliata
subsp. trifoliata and A. quinata that are two other members
in genus Akebia, have been listed in the Chinese
Pharmacopeia (Chinese Pharmacopoeia Commission 2015)
and used as traditional herbal medicine over 2000 years. The
complete chloroplast (cp) genome of A. trifoliata subsp. trifo-
liata and A. quinata had been reported (Hong et al. 2020;
Min and Tao 2020). However, the complete chloroplast gen-
ome of A. trifoliata subsp. australis is lacking. In this study,
the complete cp genome of A. trifoliata subsp. australis
was sequenced, annotated and analyzed by using Illumina
high-throughput sequencing platform, which will facilitate
the elucidation of phylogenetic evolutionary aspects in the
cp genome-wide level in A. trifoliata subsp. australis and its
closely related species in Lardizabalaceae.

The fresh green leaves of A. trifoliata subsp. australis were
collected from Huaihua, Hunan Province, China
(N27°33’17.95", E109°59'54.70"). The corresponding voucher
herbarium specimen was stored at the college of biological
and food engineering of Huaihua University (No.
MT20190501). Total genomic DNA including nuclear and
organelle genome was extracted using CTAB protocol. The
qualified DNA was used to construct a 150bp paired-end
library for sequencing, using HiSeq2000 platform (lllumina,
USA). After sequencing, FastQC (Andrews 2015) and

Trimmomatic (Bolger et al. 2014) were used to quality con-
trol, and remove low quality sequences and contaminants,
respectively. The chloroplast geome was de novo assembled
using GetOrganelle (Jin et al. 2018). The cp genome
sequence was annotated using GeSeq (Tillich et al. 2017).
The cp genome sequence of A. trifoliata subsp. australis had
been submitted to NCBI under accession number MT876408.

The complete cp genome sequence of A. trifoliata subsp.
australis has a total of 1,57,952bp in size with overall GC con-
tent 38.7%. The cp genome has a typical quadripartite struc-
ture and contains a large single-copy region (LSC) of
86,596 bp, a small single-copy region (SSC) of 19,060 bp, and
two inverted repeat regions (IRA and IRB) of 26,148 bp. There
were a total of 113 unique genes, including 79 protein-cod-
ing genes, 30 tRNA genes and 4 rRNA genes, in A. trifoliata
subsp. australis cp genome. Among these genes, ten protein-
coding genes (atpF, ndhA, ndhB, petB, petD, rpl16, rpl2, rpoC1,
rps12 and rps16) and six tRNA genes (trnA-UGC, trnG-UCC,
trnl-GAU, trnK-UUU, trnL-UAA and trnV-UAC) contained a single
intron, and two protein-coding genes (cIpP and ycf3) pos-
sessed two introns.

To understand the phylogenetic position of A. trifoliata
subsp. australis within the genus Akebia and the family
Lardizabalaceae, we downloaded the complete cp genomes
of seven species in Lardizabalaceae and two species in
Ranunculaceae. The sequences were aligned using MAFFT
v7.307 (Katoh and Standley 2013), and RAxML (Stamatakis
2014) was used to construct a maximum likelihood (ML) tree
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Figure 1. The phylogenetic ML tree based on the complete chloroplast sequence of 10 species. ML bootstrap support value presented at each node. The accession

numbers are in the figure.

with Megaleranthis saniculifolia and Aquilegia coerulea as out-
groups. The ML phylogenetic tree was inferred with strong
support and used the bootstrap values from 1000 replicates
at all the nodes. The phylogenetic tree showed that A. trifo-
liata subsp. australis was closely related to A. trifoliata subsp.
trifoliata (Figure 1). However, A. quinata was closely related
to Stauntonia obovatifoliola. This published A. trifoliata subsp.
australis cp genome will provide useful information for phyo-
genetic and evolutionary studies in Lardizabalaceae.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This work was funded by Natural Science Foundation of Hunan Province
[2019JJ50475], Key Scientific Research Projects of Hunan Education
Department [18A448], and Foundation of Hunan Double First-rate
Discipline Construction Projects of Bioengineering and Key Laboratory of
Research and Utilization of Ethnomedicinal Plant Resources of Hunan
Province (YYZW2018-6).

Data availability statement

The data that newly generated in this study is deposited in NCBI (www.
ncbi.nlm.nih.gov), with accession number MT876408.

References

Andrews S. 2015. FastQC: a quality control tool for high throughput
sequence data. http://www.bioinformatics.babraham.ac.uk/projects/
fastqc/

Bolger AM, Lohse M, Usadel B. 2014. Trimmomatic: a flexible trimmer for
lllumina sequence data. Bioinformatics. 30(15):2114-2120.

Chinese Pharmacopoeia Commission. 2015. The pharmacopoeia of the
People’s Republic of China. Beijing: China Medicine Science and
Technology Press.

Hong X, Fang C, Liu Y, Huang S. 2020. The complete chloroplast genome
of Akebiatrifoliata (Lardizabalaceae), a traditional herb in China.
Mitochondrial DNA Part B. 5(3):2330-2331.

Jin JJ, Yu WB, Yang JB, Song Y, Yi TS, Li DZ. 2018. GetOrganelle: a fast
and versatile toolkit for accurate de novo assembly of organelle
genomes. bioRxiv, 256479.

Katoh K, Standley D. 2013. MAFFT multiple sequence alignment software
version 7: improvements in performance and usability. Mol Biol Evol.
30(4):772-780.

Liu GY, Ma SC, Zheng J, Zhang J, Lin RC. 2007. Two new triterpenoid sap-
onins from Akebia quinata (Thunb.) Decne. J Integrative Plant Biol.
49(2):196-201.

Min J, Tao T. 2020. The complete chloroplast genome of Akebiaquinata
(Lardizabalaceae) and phylogenetic analysis. Mitochondrial DNA Part
B. 5(3):3041-3042.

Stamatakis A. 2014. RAxML version 8: a tool for phylogenetic analysis
and post-analysis of large phylogenies. Bioinformatics. 30(9):
1312-1313.

Tillich M, Lehwark P, Pellizzer T, Ulbricht-Jones ES, Fischer A, Bock R,
Greiner S. 2017. GeSeq - versatile and accurate annotation of organ-
elle genomes. Nucleic Acids Res. 45(W1):W6-W11.


http://www.ncbi.nlm.nih.gov
http://www.ncbi.nlm.nih.gov
http://www.bioinformatics.babraham.ac.uk/projects/fastqc/
http://www.bioinformatics.babraham.ac.uk/projects/fastqc/

	Abstract
	Disclosure statement
	Funding
	Data availability statement
	References


