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ABSTRACT

Cephalotaxus hainanensis is an endangered tree endemic to China with high medicinal values. In this
study, the complete chloroplast genome of C. hainanensis was de novo assembled using lllumina high-
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throughput sequencing technology. The whole chloroplast genome was 136,877 bp long with an asym-

metric base composition (32.6% A, 17.6% C, 17.4% G and 32.4% T). The genome annotation predicted
a total of 114 genes, including 82 protein-coding genes, 28 tRNA genes, and four rRNA genes. The
neighbour-joining phylogenetic analysis based on 41 complete chloroplast genome sequences showed
that C. hainanensis was more closely related to the congeneric C. sinensis. The assembled chloroplast
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genome of C. hainanensis will provide useful genomic data both for the phylogenetic research of

Cephalotaxus and the conservation of this endangered species.

Cephalotaxus hainanensis, an evergreen medicinal plant in
the family Cephalotaxaceae, is distributed in the narrow
range of the western Guangdong, Hainan, southeastern and
western Guanxi, western Yunnan, and even southeastern
Tibet, China (Yang and Liao 2013; Qiao et al. 2014). This plant
is suggested to have antileukemia, antidiabetic, anticancer
and antitumor activities and is widely used as a herbal rem-
edy in China (Pan et al. 2010; Liu et al. 2016). However, due
to logging and more recently exploitation of bark and leaves
which contain the valuable medicinal extracts, cephalotaxine
and harringtonine, the number of the wild C. hainanensis has
decreased sharply (Qiao et al. 2014). At present, this species
is listed in IUCN Red List of Threatened Species regarded as
‘endangered’ (Yang and Liao 2013). To facilitate its phylogen-
etic analysis and conservation genetics of this endangered
species and sustainable utilization, we assembled its com-
plete chloroplast genome by lllumina sequencing technology
in this study. The chloroplast genome sequence was submit-
ted to GenBank (accession number MH311692).

Fresh leaves were collected from a single individual of
C. hainanensis in Lushan Botanical Garden (Jiujiang, Jiangxi
Province, China). The genomic DNA was extracted using the
DNeasy Plant Mini Kit (QIAGEN, Mountain View, CA). High-
throughput sequencing was conducted on the lllumina HiSeq
platform. A total of 43,729,560 of 150bp raw paired reads
were generated, quality-trimmed with CLC Genomics
Workbench v10 (CLC Bio, Aarhus, Denmark), and subjected to
the assembly of chloroplast genome with MITObim v1.9
(Hahn et al. 2013). The chloroplast genome of Cephalotaxus

oliveri (KC136217) (Yi et al. 2013) was selected as the initial
references. Genome annotation was conducted in GENEIOUS
R11 (Biomatters Ltd., Auckland, New Zealand) by aligning
with those of phylogenetically related species. A physical
map was drawn with the web-based tool OGDRAW (Lohse
et al. 2013).

The chloroplast genome of C. hainanensis was successfully
assembled with an average coverage of 152x and was deter-
mined to be 136,877 bp in length. As commonly found in
chloroplast genomes of other higher plants, the base com-
position was asymmetric (32.6% A, 17.6% C, 17.4% G and
32.4% T) with an overall A4 T content of 65.0%. It encodes a
set of 114 unique genes, including 82 protein coding, 28
tRNA and four rRNA genes. Almost all genes occurred in a
single copy with the exception of trnQ-UUG being duplicated.
Among these genes, 14 genes harboured a single intron
(atpF, ndhA, ndhB, petB, petD, rpl2, rpl16, rpoCl, rpsi12, rpsié,
trnA-UGC, trnG-UCC, trnl-GAU and trnK-UUU) and 1 genes
(ycf3) harboured two introns.

To investigate the phylogenetic status of C. hainanensis,
a neighbour-joining phylogeny was reconstructed from the
complete chloroplast genomes of 41 species within the
order Cupressales using the concatenated sequences of
chloroplast protein-coding genes with MEGA6 (Tamura
et al. 2013) performed with 500 replicates (Figure 1). The
phylogenetic analysis indicated that C. hainanensis was
more closely related to the congeneric Cephalotaxus
sinensis (Duan et al. 2018). The complete chloroplast
genome of C. hainanensis will supply useful genetic
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100y Cupressus chengiana | KY392754
Cupressus jiangeensis | MG596347
Cupressus gigantea | K1315754
Cupressus sempervirens | KP099643
Callitropsis vietnamensis | KP099645
Callitropsis nootkatensis | KP099642
Hesperocyparis glabra | KP099644
wop Juniperus commumis | KR476378
Juniperus formosana | KX832625
Juniperus cedrus | KT378453
Juniperus monosperma | KFS866298
Juniperus bermudiana | KF866297
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93t Juniperus virginiana | KF866300
100 Pilatycladus orientalis | KX832626
IDO| i Calocedrus formosana | AB831010
10! Calocedrus macrolepis | KX832621
ﬁ: Thuja standishii | KX832627
Thujopsis dolabrata | KX832628
Chamaecyparis formosensis | LCI77668
_E Chamaecyparis hodginsii | MG269834
Chamaecyparis lawsoniana | KX832622
Callitris rhomboidea | LCI177535
Cryptomeria japonica | APOI0966
Glyptostrobus pensilis | KU302768
Taxodivm distichum | LCI77556
Metasequoia glyptostroboides | KR0G61358
Sequoia sempervirens | KRO75871
Taiwania cryptomerioides | MG963174
100! Taiwania flousiana | KC427274
Cunninghamia lanceolata | KC427270
Sciadopitys verticillata | AP017299
10y [Cephalotaxus hainanensis | MH311692

Cephalotaxus sinensis | MG385662
Cephalotaxus oliveri | KCI136217

w0 Torreva fargesii | KT027377
i'j[ Torreva grandis | KY369757
Amentotaxus argotaenia | KR780582
»® Taxus baccata | KR476375
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Taxus mairei | JNSG67586
Taxus wallichiana | KX431996

Figure 1. Phylogenetic relationships of 41 species based on the neighbour-

joining analysis of chloroplast protein-coding genes. The bootstrap values were

based on 500 replicates, and are shown next to the branches.

100

information for population genomic studies, and conserva-
tion management of this endangered species.
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