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ABSTRACT
In this study, the complete chloroplast (cp) genome of Ixora chinensis was sequenced by next-gener-
ation sequencing for the first time. The complete cp genome is 154,787 in length and contained 131
genes, consisting of 86 protein-coding genes, eight ribosomal RNA genes, and 37 transfer RNA genes.
The phylogenetic position based on chloroplast genomes suggests that I. chinensis was closely related
to I. chinensis (MN850660.1) within the Ixora clade, which may provide useful information for further
understanding the evolution of I. chinensis.
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Ixora chinensis Lam. also named ‘Dauk Chem’ is native to
China and Malaysia, belonging to the genus of Ixora in the
Rubiaceae family. In recent years, the flower has become
more and more popular in China. It is widely distributed in
the southwest and southeast regions of China, such as
Hainan, Fujian, Guangdong and Guangxi (Li et al. 2019). Ixora
chinensis has a longer vase life than other Ixora species which
makes it an outstanding cut flower (Chen et al. 2003). In add-
ition, most of the activities reported on leaves and flowers of
I. chinensis were anti-oxidants, anticancer, anti-microbial activ-
ities (Bhagyasri et al. 2019). Interestingly, the flower with
bright and abundant flowers has a long blooming term last-
ing for almost the entire year. Ixora chinensis with red flowers
is one of the most common native species in southern China,
not only with ornamental value but more importantly with
its medicinal values which it is rich in flavonoids and antho-
cyanins (Rastogi and Mehrotra 1990). Recently, I. chinensis
was assembled by Ly et al. (2020) to comparative genomics
and molecular phylogeny in subfamily Ixoroideae. However,
it was not assembled into a circular chloroplast genomes and
the cp genome was not annotated. In addition, the chloro-
plast sequence (accession number: MN850660.1) is not veri-
fied by NCBI. There is yet little information on the complete

chloroplast (cp) genome of I. chinensis. Here, the complete
chloroplast (cp) genome of I. chinensis was assembled and
annotated for the first time. We also carried out a systematic
comparative genomic study of I chinensis plastome and
those from another two Ixora species, in order to explore its
phylogenetic relationship and identify new regions of gen-
omic variability.

The plant material of fresh leaves for extraction was col-
lected from Caiban Village, Jiuhu Town, Zhangzhou (Fujian,
China, 117�5905600E, 24�4804000N). Total chloroplast DNA was
extracted following Kim et al. (2006) with the optimized
CTAB method, and used to construct to build an Illumina
pair-end library. Then the library was done on Illumina
Novaseq 6000 platform at Beijing Genomics Institute (BGI,
Shenzhen, China) and generating approximately 3.6 G of raw
data. The quality of reads was filtered using the FastQC pro-
gram (Andrews 2014). High-quality clean reads were de novo
assembled using SPAdes version 3.11.0 software (Bankevich
et al. 2012) the cp genome was annotated using the online
program GeSeq (Tillich et al. 2017) with the chloroplast gen-
ome of Vangueria infausta (accession number MN851269) as
reference. The annotated chloroplast genome sequence of
was deposited in GenBank under the accession number
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MZ221832. The voucher specimens of I. chinensis was stored
at laboratory of Department of Biological Science and
Biotechnology, Minnan Normal University, Zhangzhou
(URL: https://bio.mnnu.edu.cn/info/1110/2223.htm, accession
num-ber: No.MNU001) (Ana Bian, Email: 549511030@qq.com).

The complete length of I. chinensis is 154,787 bp (Figure
1), longer than I. chinensis (MN850660.1, length ¼ 154,665 bp,
GC ¼ 37.48%) and overall GC content of 37.5%. The cp gen-
ome of I. chinensis has a typical quadripartite structure, con-
taining a large single-copy region of 84,880 bp, a small
single-copy region of 18,177 bp, and a pair of inverted repeat
regions of 25,865 bp, is longer than I. chinensis (MN850660.1,
LSC ¼ 84,874 bp, SSC¼ 18,157 bp, IR ¼ 25,817 bp). We anno-
tated the cp genome of I. chinensis (MN850660.1). The results
show that there is no difference in the gene contents
between I. chinensis (MZ221832.1) and I. chinensis
(MN850660.1). The CP genome comprised 131 genes, includ-
ing 86 protein-coding genes, 37 transfer RNA genes (tRNA),

and 8 ribosomal RNA genes (rRNA). The chloroplast genome
of I. chinensis has 17 different intron containing genes, exhib-
iting two introns (clpP and ycf3) and the rest of the genes
contained one intron (trnK-UUU, rps16, trnG-UCC, atpF, rpoC1,
trnL-UAA, trnV-UAC, petB, petD, rpl16, rpl2, ndhB, trnI-GAU,
trnA-UGC, ndhA).

To explore the ixora species’ gene gene pseudonization
and deletion scale, we performed a two-way clustering ana-
lysis of 3 Ixora species and use A. thaliana as a reference
(Figure 2). We found that the tRNA (trnA-Y) and genes from
the ycf family (ycf5, ycf6, ycf9, ycf10) were lost in all Ixora
plastomes compared with that of A. thaliana (Figure 2).
Polymorphism analysis of 3 Ixora species shows that petD
gene has a higher variation (Figure 3). Sequence divergence
was visualized using mVISTA with I. chinensis (MN850660.1)
as the reference annotated genome. Globally, sequence
divergence among all ixora was relatively high and mainly
concentrated in conserved non-coding sequences and in

Figure 1. The schematic representation of the plastome of I. chinensis created.
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Figure 2. Gene deletion in Ixora genus.
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Untranslated Transcribed Regions (UTR). However, variation
among species seemed to be negligible for UTRs located
in the IR region. Substitutions were more frequent but
indels (trnV-UAC) were observed as well in I. hookeri
(Figure 4).

In order to understand the phylogenetic relationship
between I. chinensis and other species of Ixora, the complete
chloroplast sequence of 43 species was downloaded from
NCBI as the phylogenetic dendrogram. The tree phylogenetic
with maximum likelihood (ML) analysis method was per-
formed using RaxML software v 8.2.9, of which the

bootstrap values were calculated using 1000 replicates
under the GTRGAMMAI substitution model in CIPRES
(Stamatakis 2014). The reconstructed phylogeny showed
that I. chinensis had the closest relationship with I. chinen-
sis (MN850660.1) (Figure 4), which can provide a theoret-
ical basis for further study on the phylogeny and
evolution of Rubiaceae plants (Figure 5).
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Figure 3. Gene polymorphism in Ixora genus.

Figure 4. Sequence identity plot comparing four species of subfamily Ixora with I. chinensis (MN850660.1) as the reference annotated genome.
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Figure 5. The maximum likelihood (ML) phylogenetic tree was constructed based on the complete chloroplast genomes of 34 species. The number next to each
node represents the bootstrap values.
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