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ABSTRACT
In this study, we determined the complete plastome sequence of Carissa macrocarpa (Eckl.) A. DC.
(Apocynaceae) (NCBI acc. no. KX364402). The gene order and structure of the C. macrocarpa plastome
are similar to those of a typical angiosperm. The complete plastome is 155,297bp in length, and con-
sists of a large single-copy region of 85,586 bp and a small single-copy region of 18,131bp, which are
separated by two inverted repeats of 25,792bp. The plastome contains 113 genes, of which 79 are pro-
tein-coding genes, 30 are tRNA genes and 4 are rRNA genes. Sixteen genes contained one intron and
two genes have two introns. The average A–T content of the plastome is 62.0%. A total of 31 simple
sequence repeat loci were identified within the genome. Phylogenetic analysis revealed that C. macro-
carpa is a member of the paraphyletic subfamily Rauvolfioideae of Apocynaceae. The sister group rela-
tionship of C. macrocarpa to the Apocynoideae–Asclepiadoideae clade is supported by 100% bootstrap
values.
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Carissa macrocarpa (Eckl.) A. DC., one of the tropical fruits of
the family Apocynaceae, is native to South Africa (Kim 2011).
This species is cultivated as an ornamental and edible plant.
C. macrocarpa belongs to the subfamily Rauvolfioideae of the
family Apocynaceae, which is one of the five families in the
order Gentianales (APG IV 2016). In terms of species number,
Apocynaceae is the 10th largest family of flowering plants.
The family consists of 5 subfamilies, 366 genera and 5100
species (Christenhusz & Byng 2016), with most species being
distributed in the subtropical and tropical regions. The family
includes many economic plants, such as species of
Catharanthus, Carissa, and Nerium, which are important sour-
ces of medicine and fruits. To date plastome sequences have
been determined for 10 species within the Apocynaceae
(Ku et al. 2013; Straub et al. 2013, 2014; Park et al. 2014; Jang
et al. 2015; Park et al. 2016). Our data for C. macrocarpa will
be the first complete plastome sequence for a species in the
genus Carrisa and tribe Carisseae.

The leaves of C. macrocarpa used in this study were col-
lected from the Korea University greenhouse, where we grew
the plants from seeds originally collected from South Africa.
The plants flowered and fruited in the greenhouse. A voucher
specimen was deposited in the Korea University Herbarium
(KUS acc. no. 2014-0239). Fresh leaves were ground into pow-
der in liquid nitrogen and total DNAs were extracted using
the CTAB method (Doyle & Doyle 1987). The DNAs were fur-
ther purified by the ultracentrifugation and dialysis (Palmer
1986). The genomic DNAs are deposited in the Plant DNA
Bank in Korea (PDBK acc. no. 2014-0239). The complete

plastome sequence was generated using an Illumina HiSeq
2000 system (Illumina Inc., San Diego, CA). Annotations were
performed using the National Center for Biotechnology
Information (NCBI) BLAST, DOGMA (Wyman et al. 2004), and
tRNAscan-SE programs (Lowe & Eddy 1997). For the phylo-
genetic analysis, we selected and downloaded 38 complete
plastome sequences based on the APG IV system (APG IV
2016) from the NCBI database.

The gene order and structure of the C. macrocarpa plas-
tome are similar to those of a typical angiosperm (Shinozaki
et al. 1986; Kim & Lee 2004; Yi & Kim 2012). The complete
plastome is 155,297 bp in length and consists of a large sin-
gle-copy (LSC) region of 85,582 bp and a small single-copy
(SSC) region of 18,129 bp, which are separated by two
inverted repeats (IR) of 25,793 bp. The plastome comprises
113 unique genes (79 protein-coding genes, 30 tRNA genes
and 4 rRNA genes). The average A–T content of the plastome
is 62.0%. The A–T contents in the LSC, SSC and IR regions are
63.9%, 67.9%, and 56.7%, respectively. The average coverage
of the sequence is 1,057�. Sixteen genes contain one intron
and two genes, ycf3 and clpP, have two introns. A total of 31
simple sequence repeat (SSR) loci are distributed throughout
the plastome. Among these, 23, 3 and 5 are mono-SSR, di-
SSRand tri-SSR loci, respectively. Some of these loci will be
useful in identifying cultivars of C. macrocarpa.

To validate the phylogenetic relationships of C. macro-
carpa among Apocynaceae, we constructed a maximum likeli-
hood tree. Phylogenetic analysis was performed on a data set
that included 79 protein-coding genes and 4 rRNA genes
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from 40 taxa using RAxML v. 7.7.1 (Stamatakis et al. 2008).
The 83 gene sequences (86,114 bp) were aligned with
MUSCLE in Geneious v. 6.1.8 (Biomatters Ltd.; Kearse et al.
2012). The sister group relationship of C. macrocarpa to the
Apocynoideae-Asclepiadoideae clade is supported by 100%
bootstrap values (Figure 1). The monophyly of subfamily
Apocynoideae is supported in the plastome tree, whereas the
paraphylies of Asclepiadoideae and Rauvolfioideae are

suggested. Our tree based on complete plastome data, has a
similar topology to those generated in previous phylogenetic
studies based on more limited gene sequence data (Potgieter
& Albert 2001; Sennblad & Bremer 2002; Sim~oes et al. 2007).
In order to clarify the phylogenetic relationships more pre-
cisely, we need additional complete plastome data from two
other poorly studied subfamilies, Periplocoideae and
Secamonoideae.

Figure 1. Maximum Likelihood (ML) tree based on 79 protein-coding and 4 rRNA genes from 40 plstomes as determined by RAxML(�ln L¼�527039.471210). The
numbers at each node indicate the ML bootstrap values. Three subfamilies within Apocynaceae are abbreviated as follows: APO: Apocynoideae; ASC:
Asclepiadoideae; RAU: Rauvolfioideae. Genbank accession numbers of taxa are shown below, Actinidia chinensis (NC_026690), Actinidia deliciosa (NC_026691), Ardisia
polysticta (NC_021121), Asclepias nivea (NC_022431), Asclepias syriaca (NC_022432), Bruinsmia polysperma (NC_030180), Camellia reticulata (NC_024663), Camellia
sinensis (NC_020019), Capsicum annuum (NC_018552), Carissa macrocarpa (KX364402), Catharanthus roseus (NC_021423), Coffea arabica (NC_008535), Coffea cane-
phora (NC_030053), Cynanchum auriculatum (NC_029460), Cynanchum wilfordii (NC_029459), Diospyros blancoi (KX426216), Diplopanax stachyanthus (NC_029750),
Echites umbellatus (NC_025655), Eleutherococcus senticosus (NC_016430), Eucomia ulmoides (KU204775), Gentiana crassicaulis (NC_027442), Gentiana straminea
(NC_027441), Gynochthodes offcinalis (NC_028009), Helianthus annuus (NC_007977), Jasminum nudiflorum (NC_008407), Kolkwitzia amabilis (NC_029874), Lactuca sat-
iva (NC_007578), Lonicera japonica (NC_026839), Lysimachia coreana (NC_026197), Nerium oleander (NC_025656), Nicotiana tabacum (NC_001879), Oncinotis tenui-
loba (NC_025657), Osyris alba (NC_027960), Panax ginseng (NC_006290), Pentalinon luteum (NC_025658), Primula poissonii (NC_024543), Rhazya stricta (NC_024292),
Sesamum indicum (NC_016433), Silene latifolia (NC_016730), and Vaccinium macrocarpon (NC_019616).
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