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ABSTRACT
A Citrus hybrid, Hallabong mandarin, is a major Citrus tree largely cultivated in Korea. The complete
chloroplast genome sequence of Hallabong mandarin was characterized by de novo assembly using
whole genome next generation sequences. The chloroplast genome was 160 703 bp in length and sepa-
rated into four distinct regions such as large single copy region (87 922 bp), small single copy region
(18 801 bp) and a pair of inverted repeat regions (26 990 bp). The genome contained a total of 114 genes
including 80 protein-coding genes, 30 tRNA genes and 4 rRNA genes. Phylogenetic inference using
chloroplast genome sequences revealed that Hallabong mandarin was close to Citrus aurantiifolia
(Omani lime) and Citrus sinensis (sweet orange).
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Introduction

The Citrus genus in the Rutaceae family consists of important
cultivated fruit trees worldwide, such as mandarins, oranges,
lemons and lime (Zhang & Mabberley 2008). Because eco-
nomic importance and consumers’ demands, various hybrids
with desirable traits have been bred by crossing between
Citrus species (Cameron & Frost 1968; Penjor et al. 2013).
Among the hybrids, Hallabong mandarin, also called Shiranuhi
in Japan, was bred by crossing between ‘Kiyomi’ (Citrus unshiu
Marcov.�C. sinensis Osbeck) and ‘Nakano No.3’ Ponkan
(C. reticulata Blanco) in Japan and produces almost seedless
fruits (Matsumoto 2001). At present, Hallabong mandarin is
one of the major Citrus hybrids cultivated and sold in Korea,
owing to its unique taste and fragrance (Song et al. 2005; Kim
et al. 2006). Although genetic resources for nuclear and
chloroplast genomes are available for several Citrus and
related species in the Rutaceae family (Bausher et al. 2006; Xu
et al. 2013; Su et al. 2014, Wu et al. 2014; Lee et al. 2015), cur-
rently available genetic resources for Citrus hybrids are very
limited. Therefore, we characterized the complete chloroplast
genome sequence of a Citrus hybrid, Hallabong mandarin, to
provide basic genetic resource for Citrus hybrids with other
species in the Citrus genus.

Total genomic DNA was isolated from leaves sampled from
a mandarin farm in Seogwipo, Jeju Special Self-Governing
Province, Korea. An Illumina paired-end (PE) genomic library
with 300-bp insert was constructed and sequenced using an
Illumina HiSeq platform by Seeders Inc (http://www.seeders.

co.kr/), Deajon, Korea. PE reads of 3 Gb were obtained and
assembled by a CLC genome assembler (ver. 4.06 beta, CLC
Inc, Aarhus, Denmark), as mentioned in Kim et al. (2015a,
2015b). The representative chloroplast contigs were collected,
ordered and merged into a single draft sequence, through
comparison with the chloroplast sequence of C. sinensis
(DQ864733, Bausher et al. 2006) as a reference. The draft
sequence was confirmed and manually corrected by PE read
mapping. The genes in the chloroplast genome were anno-
tated using the DOGMA program (Wyman et al. 2004) and
BLAST searches.

The complete chloroplast genome of Hallabong mandarin
(GenBank accession KU170678) was a circular molecule of
160 703 bp in length, which consisted of four distinct regions
such as large single copy region of 87 922 bp, small single
copy region of 18 801 bp and a pair of inverted repeat regions
of 26 990 bp. Overall GC contents of chloroplast genomes was
approximately 38.4%. The chloroplast genome contained a
total of 114 genes including 80 protein-coding genes, 30
tRNA genes and 4 rRNA genes. The complete genome
sequence showed 98.6% and 98.9% similarity with those of
C. aurantiifolia (Omani lime) and C. sinensis (sweet orange),
respectively.

Phylogenetic analysis was carried out using the complete
chloroplast genome sequence of Hallabong mandarin with
those of 11 species in Malvids by a maximum likelihood (ML)
analysis of MEGA 6.0 (Tamura et al. 2013). The phylogenetic
tree showed that Hallabong mandarin was grouped to other
species in the Rutaceae family and placed most closely to two
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Cirus species, C. aurantiifolia and C. sinensis, as expected
(Figure 1).
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Figure 1. ML phylogenetic tree of Hallabong mandarin with 11 species in Malvids based on complete chloroplast genome sequences. Numbers in the nodes are boot-
strap values from 1000 replicates. The chloroplast sequence of Oenothera glazioviana (large-flowered evening primrose) was set as an outgroup within Malvids.
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