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ABSTRACT
The complete chloroplast genome sequence of Phedimus kamtschaticus, which commonly occurs in
northeastern Asia was determined. The genome size was 151,652 bp, composed of one pair of inverted
repeats (IRs) of 25,977 bp, which were separated by one large single-copy (LSC; 83,010bp) and one
small single-copy (SSC; 16,688 bp) region. The chloroplast genome contained 132 genes, including 88
protein-coding genes, 36 tRNA genes, and 8 rRNA genes. The overall GC content was 37.8%.
Phylogenetic analysis of the complete chloroplast genome suggested that P. kamtschaticus was most
closely related to Ulleung Island insular endemic P. takesimensis.
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The family Crassulaceae is a morphologically diverse and
taxonomically complex angiosperm family, comprising 35
genera and approximately 1500 species (Berger 1930). While
the Crassulaceae are considered a natural group, infrafamilial
classification has been extremely difficult due to homoplasi-
ous morphological features (van Ham 1995; Soltis et al. 2000).
The genus Phedimus (ca. 20 species in Asia and Europe)
represents one lineage of nonmonophyletic subfamily
Sedoideae. Traditionally, species of Phedimus have been
treated as members of Sedum, but recent phylogenetic study
strongly supported the monophyly of Phedimus and its segre-
gation from Sedum (Mayuzumi and Ohba 2004). Of ca. 20
species of Phedimus, we selected P. kamtschaticus, which
occurs commonly in the northeastern Asia, and sequenced its
complete chloroplast genome because it is considered to be
a continental progenitor of Ulleungdo and Dokdo Island
endemic P. takesimensis in Korea.

We collected fresh leaves of P. kamtschaticus from Mt.
Hambaek, Korea (GPS coordinates 37�09016.600N
128�54053.400E; altitude 1334 m above the sea level) and a
voucher specimen (SKK014113) was deposited at the herbar-
ium of Sungkyunkwan University (SKK). Total DNA was iso
lated using the DNeasy Plant Mini Kit (Qiagen, Carlsbad, CA),
following the instructions of the manufacturer. Sequencing
was done using the Illumina Miseq (Illumina Inc., San Diego,
CA) platform and assembled by SPAdes 3.6.1 (Bankevich
et al. 2012) and CLC Genomics Workbench v.5.5.1 (CLC Bio,
Aarhus, Denmark). The chloroplast genome of
P. kamtschaticus was annotated using the Dual Organellar
GenoMe Annotator (DOGMA) tool (Wyman et al. 2004)

and CpGAVAS (Liu et al. 2012) with plastid/bacterial genetic
code. The tRNAs were confirmed using tRNAscan-SE with
default settings (Schattner et al. 2005). Gene annotation was
done using BLAST X, Geneious v.8.1.6. (Biomatters Ltd.,
Auckland, New Zealand), and then manually corrected for
intron/exon boundaries. The complete chloroplast genome
of P. kamtschaticus was aligned with 11 representative spe-
cies of Saxifragales using MAFFT v.7 (Katoh and Standley
2013). Maximum likelihood (ML) analysis was conducted
based on 13 complete chloroplast genomes (1 outgroup
and 12 ingroup) using IQ-TREE v.1.4.2 (Nguyen et al. 2015)
with 1000 bootstrap (BS) replications.

Here, we reported the complete chloroplast genome
sequence of P. kamtschaticus (MG680403), which has a total
length of 151,652 bp with 37.8% GC content, and contained
two inverted repeat regions (IRa and IRb) of 25,977 bp, sepa-
rating a large single-copy (LSC) region of 83,010 bp and a
small single-copy (SSC) region of 16,688 bp. The chloroplast
genome contained 132 genes, including 88 protein-coding
genes, 36 tRNA genes, and 8 rRNA genes. The structure, gene
content and order, and GC content of P. kamtschaticus were
similar to those of P. takesimensis chloroplast genome.

The phylogenetic relationship of P. kamtschaticus was
determined based on 11 other representative chloroplast
genomes in Saxifragales. The phylogenetic analysis showed
that the family Crassulaceae, including four species of
Phedimus and Sedum, was monophyletic (100% BS) (Figure 1).
P. kamtschaticus was most closely related to Ulleung Island
endemic P. takesimensis in Korea, establishing a continental
progenitor and insular derivative relationship.
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Figure 1. Maximum likelihood tree based on the complete chloroplast genome from 11 representative species of Saxifragales. Trochodendron aralioides
(Trochodendraceae) was used as an outgroup and the bootstrap support values >50% are shown in the branches.
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