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Complete chloroplast genome of Acer tegmentosum and phylogenetic analysis
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ABSTRACT
The aim of the present study was to sequence and analyze the complete plastid genome (i.e. plas-
tome) of Acer tegmentosum Maxim. The plastome of A. tegmentosum was 156,435 bp in length and
included both large (86,265bp) and small (18,102bp) single-copy regions, which were separated by a
pair of identical inverted repeats (26,034bp). The plastome contained 77 unique protein-coding genes,
30 tRNA genes, and four rRNA genes. In addition, the gene order and organization of the A. tegmento-
sum plastome were consistent with those of plastomes from other members of the Sapindaceae, and
the overall GC content of the plastome was 37.8%. A phylogenetic tree that was based on 76 protein-
coding genes demonstrated a sister relationship within genus Acer.
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Acer L. (Sapindaceae) species are some of the most important
trees in the Northern Hemisphere, particularly in the temper-
ate regions of eastern Asia, eastern North America, and
Europe (van Gelderen et al. 1994). In particular, Acer tegmen-
tosum Maxim. is a deciduous broad-leaved species that is
only distributed in the mountains of northern and central
Korea, namely in Manchuria, the Amur region, and the
Uchida River basin (Kim 1995). The species is recognized for
its antioxidant activity and beneficial effects on liver disease;
however, its existence is threatened by rapid deforestation
(Hong et al. 2007). Therefore, there is an urgent need for the
preparation of measures that will protect the species against
extinction. The species, though, has not been included in any
molecular studies, so it is necessary to develop genomic
resources for A. tegmentosum, in order to obtain intragenic
information that can be used both for the conservation of A.
tegmentosum and to elucidate the evolution of the genus.
Sequencing the plastid genome (plastome) will contribute to
the development of a protection strategy for the species.

Fresh leaves were collected from Odaesan National Park,
Gangwon-do, Korea (37�470N, 128�340E), and genomic DNA
was isolated from fresh leaves using a Plasmid SV mini kit
(GeneAll, Seoul, Korea). Extracted DNA were stored in the
Plant DNA Bank of the National Institute of Forest Science
(No. 0335132681; Suwon, Korea). Whole genome sequencing
was performed using the Ion Torrent sequencing platform
(Life Technologies, Carlsbad, CA) and filtered sequences were
assembled using the plastome of Acer buergerianum
(GenBank accession number KX098452) as a reference
sequence. The sequenced fragments were assembled using
Geneious R10 (Biomatters, Ltd., Auckland, New Zealand;

Kearse et al. 2012), and annotation was performed using
both DOGMA (http://dogma.ccbb.utexas.edu/) and BLAST
searches. The tRNA genes identified using Geneious were
validated using the web-based tool tRNAScan-SE (Schattner
et al. 2005), with default settings. Finally, maximum likelihood
(ML) tree searches and ML bootstrap searches were per-
formed for a dataset of 76 protein-coding genes from 14
members of the Sapindaceae using the RAxML BlackBox
web-server (https://raxml-ng.vital-it.ch/#/, Stamatakis et al.
2008). The RAxML analyses were run using rapid bootstrap
analysis with a random starting tree and 100ML boot-
strap replicates.

The plastome of A. tegmentosum was double-stranded, cir-
cular, and 156,435 bp long, with two inverted repeat regions
(IRs; 26,034 bp each) that were separated by large single-
copy (LSC; 86,265 bp) and small single-copy (SSC; 18,102 bp)
regions (GenBank accession number MK942342). The plas-
tome contained 128 genes, including 83 protein-coding
genes, 37 tRNA genes, and eight rRNA genes, and six, seven,
and four of the protein-coding, tRNA, and rRNA genes,
respectively, were duplicated in the IRs. In addition, the over-
all GC content of the plastome was 37.8% (LSC, 36%; SSC,
32.2%; IRs, 42.9%), and the monophyly of the genus was
well-supported (100% bootstrap values, BS), with A. tegmen-
tosum placed as sister to A. morrisonense (Figure 1). The
A. tegmentosum plastome described here may contribute to a
better understanding of the evolution of Acer.
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Figure 1. The maximum-likelihood (ML) tree based on the 14 representative chloroplast genomes of Sapindaceae. The bootstrap value based on 100 replicates is
shown on each node.
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