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ABSTRACT
Citrullus colocynthis L. is one of the worldwide famous traditionally medicinal plants and widely applied
in watermelon breeding for its multiple resistances. The complete nucleotide sequence of desert water-
melon (Citrullus colocythis L.) chloroplast genome has been determined in this study. The genome was
composed of 157,147 bp containing a pair of inverted repeats (IRs) of 26,149bp, which was separated
by a large single-copy region of 86,851 bp and a small single-copy region of 17,998bp. A total of 123
genes were predicted including 86 protein-coding genes, eight rRNA genes and 29 tRNA genes.
Phylogenetic analysis revealed that C. colocynthis were closely related to other two species in the genus
Citrullus. The complete chloroplast genome of C. colocynthis would provide some significant information
for Cucurbitaceae evolutionary and genomic studies.
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Citrullus colocynthis L., commonly known as ‘bitter apple’, is
one of the worldwide famous traditionally medicinal plants
belonging to the family Cucurbitaceae. Its fruit, leaf and root
are well-known for containing large amounts of bioactive
components with great medicinal value (da Silva and Hussain
2017). Studies have reported that the extracts of C. colocyn-
this are widely useful in antidiabetic (Huseini et al. 2009), anti-
cancer (Ayyad et al. 2012), antioxidant (Vashishta 2008),
analgesic and anti-inflammatory (Marzouk et al. 2010). C. colo-
cynthis have been reported to have high resistance against
powdery mildew (Davis et al. 2007), and broad mites (Kousik
et al. 2007), and drought stress (Si et al. 2009). Therefore, its
chloroplast genome was commonly served as potential sour-
ces for use in breeding programs aimed at enhancing stress
tolerance, pest or disease resistance in cultivated watermelon
(Levi and Thomas 2005; Levi et al. 2006; Levi et al. 2011), and
was also important for plant taxonomy and phylogenetic sys-
tem researches (Dane and Lang 2004; Dane et al. 2004; Dane
et al. 2007) in watermelon. In this study, we characterized the
complete chloroplast genome sequence of C. colocynthis to
contribute to further pharmacological, breeding, and phylo-
genetic studies of this plant.

Sample of C. colocythis (accession number: PI 374216) was
stored in the College of Horticulture of Northeast Agricultural
University (126�43016.700E, 45�44023.800N), Harbin, China.
Genomic DNA was extracted from fresh leaves and subjected
to construct a genomic library and pair-end (2� 150 bp)
sequenced by HiSeq X Ten (BGI, Shenzhen, China). Whole

genome sequence data of 4 Gb were generates and trimmed,
high quality pair-end reads of 0.4 Gb were randomly
extracted using Seqtk, and assembled with using the
Plasmidspades.py in SPAdes (v3.10.1) (Bankevich et al. 2012).
Contigs representing the chloroplast genome were retrieved,
ordered and joined into a single draft sequence by compari-
son with the chloroplast genome of Citrullus lanatus L.subsp
vugaris (GenBank accession no. NC_032008.1) as a reference
(Zhu et al. 2016). The gaps in the chloroplast single draft
sequence of C. colocynthis were closed by using GapCloser
(v1.12-r6). The draft sequence was then confirmed and manu-
ally corrected by PE read mapping. Finally, the draft sequence
was annotated using an integrated web server, CpGAVAS
(Chang et al. 2012), and manually corrected by visual inspec-
tion using IGV (Robinson et al. 2011).

The complete chloroplast genome of C. colocynthis
(GenBank accession number MF357889) is double-stranded
circular DNA with 157,147 bp in length with 37.14% GC con-
tents. It shows a typical quadripartite structure containing a
small single-copy (LSC) region of 17,998 bp, a large single-
copy (SSC) region of 86,851 bp, separated by a pair of
inverted repeat regions (IRa and IRb) of 26,149 bp. The
chloroplast genome contains 123 genes were predicted,
including 86 protein-coding genes, 29 tRNA genes and eight
rRNA genes, of which 15 genes were duplicated in IR regions.

The phylogenetic relationship of C. colocynthis was
deduced by its comparison with other 15 chloroplast
genomes in Cucurbitaceae or others based on 56 common
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protein-coding genes. Phylogenetic tree was built by using a
maximum likelihood (ML) method of MEGA (v7.0) with 1000
bootstrap replicates (Tamura et al. 2013). As expected,
C. colocynthis was closely related to C. lanatus ssp. vulgaris
and C. lanatus ssp. mucosospermus, forming a clade included
in Citrullus genus. The Citrullus genus and other species in the
family Cucurbitaceae were closely clustered into a clade, and
other species in different family belonging to same family
were also well clustered into their corresponding clades with
high bootstrap value (Figure 1).
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