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Abstract. The chloroplast genome sequence of Nitraria tangutorum, a desert shrub, was sequenced using high-throughput
sequencing technology and analysed phylogenetically in the present study. The chloroplast genome is 159,414 bp in length, including
a large single copy region of 87,924 bp and small single copy region of 18,318 bp, and a pair of inverted repeat regions of 26,586 bp.
The chloroplast genome contains 110 unique genes, including 77 protein-coding genes, four ribosomal RNA genes, and 29 tRNA
genes. Most of these genes are present as a single copy and in two or more copies 19 genes occurred. Seventeen genes have one
intron, and ¢/pP and ycf3 genes contain two introns. A total of 81 simple sequence repeats (SSRs) were identified, most of them
were found to be mononucleotide repeats composed of A/T. In addition to SSRs, 66 repeats were identified, including 41 tandem
repeats, 10 palindromic repeats, and 15 forward repeats. The phylogenetic analysis based on 54 protein-coding genes demonstrated
a close relationship between N. tangutorum and other plant species in Sapindales. The complete chloroplast genome sequence of

N. tangutorum will provide important data for further study of taxonomy and systematics of the genus Nitraria.
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Introduction

Nitraria tangutorum, a member of genus Nitraria, is a wild
shrub distributed in the desert and semi-desert areas of
northwest China. It exhibits high tolerance to high salinity
and drought stresses, and plays a key role in maintaining
the fragile ecosystems in the desert areas of central Asia
(Yang et al. 2010). In addition, N. tangutorum is of great
economic value for the local people (Liu ez al. 2014), e.g.,
fruits and seeds are used to make medicines and drinks
(Zhao et al. 2017), and the dry branches are often used as
firewood by locals.

As a shrub with ecological and economic importance
in harsh environment, N. tangutorum has attracted the
attention of many researchers in recent years. Studies have
been conducted to investigate the ecological adaption and
stress tolerance mechanism by using molecular biological
technology and biochemistry methods (Yang et al. 2013;
Zheng et al. 2014; Yan et al. 2018). However, the phy-
logenetic relationship of the genus Nitraria remains an
open question. N. tangutorum was classified into different
family by Liu and Zhou (2003), and Xu and Huang (1998).

(http://frps.iplant.cn/frps/Nitraria). Nitraria is one of the
six genus in Zygophyllaceae of Geraniales (Xu and Huang
1998), but by Liu and Zhou (2003, http://foc.iplant.cn/),
genus Nitraria was classified into Nitraria of Sapindales.
Thus, more molecular evidences are needed to clarify the
evolutionary position of genus Nitraria.

Recent studies have shown that the chloroplast genome
sequences are essential data for plant phylogenetic and
genetic population analyses (Parks et al 2009). Thus,
the phylogenetic analysis using the complete chloroplast
genome of N. tangutorum should be an appropriate way to
get a better understanding of the evolution of this plant
species. Here, we present a complete chloroplast genome
of N. tangutorum based on the next-generation sequencing
data.

Materials and methods
Plant materials

Leaf sample of a wild individual of N. tangutorum were col-
lected by Fei Gao from Mengxi Town, Erdos City, Inner
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Table 1. Chloroplast genome sequences used for phylogenetic tree construction.

Species name GenBank ID Family Order
Acer buergerianum NC_034744.1 Sapindaceae Sapindales
Atuna racemose NC_030546.1 Chrysobalanaceae Malpighiales
Averrhoa carambola NC_033350.1 Oxalidaceae Oxalidales
Citrus aurantiifolia NC_024929.1 Rutaceae Sapindales
Dipteronia dyeriana NC_031899.1 Sapindaceae Sapindales
Erodium absinthoides NC_026847.1 Geraniaceae Geraniales
Erodium carvifolium NC_015083.1 Geraniaceae Geraniales
Erodium chrysanthum NC_027065.1 Geraniaceae Geraniales
Erythroxylum novogranatense NC_030601.1 Erythroxylaceae Malpighiales
Geranium incanum NC_030045.1 Geraniaceae Geraniales
Geranium maderense NC_029999.1 Geraniaceae Geraniales
Larrea tridentata NC_028023.1 Zygophyllaceae Zygophyllales
Linum usitatissimum NC_036356.1 Linaceae Malpighiales
Litchi chinensis NC_035238.1 Sapindaceae Sapindales
Pistacia vera NC_034998.1 Anacardiaceae Sapindales
Rhus chinensis NC_033535.1 Anacardiaceae Sapindales
Sapindus mukorossi NC_025554.1 Sapindaceae Sapindales
Spondias bahiensis NC_030526.1 Anacardiaceae Sapindales
Mongolia Autonomous Region (106° 79’E, 39°83/N). The  Repeat and SSR analysis

sample (PM20181001-Nta-1) was deposited in College of
Life and Environmental Sciences, Minzu University of
China, Beijing.

Genome sequencing and annotation

The genomic DNA was extracted from the leaves using
the modified CTAB method (Doyle 1987). DNA sequenc-
ing was performed using an [llumina Hiseq2500 (Illumina,
San Diego, USA) at Shenzhen Huitong biotechnology
(Shenzhen, China). After adapter trimming and filter-
ing of the low quality reads (read has >5% unidenti-
fied nucleotides and >50% of its bases with a quality
value of <20.), the resulting clean reads were assem-
bled into contigs using the assembler SPAdes v3.9.0
(Bankevich et al. 2012) using the default parameters. The
contigs were aligned to chloroplast genome sequences
of Arabidopsis thaliana and Nicotiana tabacum using
BLAST program (E value < le~!%) to find the frag-
ments of chloroplast genome of N. tangutorum and
the contigs supported by higher sequencing depth were
used for assembling chloroplast genome of N. tanguto-
rum.

The genes in chloroplast genome of N. tangutorum were
annotated using the DOGMA tool with default param-
eters (Wyman et al. 2004). Online program OGDRAW
(https://chlorobox.mpimp-golm.mpg.de/OGDraw.html;
Lohse et al. 2013) was used to draw the gene map of the
N. tangutorum chloroplast genome. The finally annotated
chloroplast genome of N. tangutorum was deposited in
GenBank with the accession number MK341053.

Simple sequence repeats (SSR) are some DNA repeats
formed by one or several tandemly arranged nucleotides,
which spread widely in eukaryotic genomes. Perl script
MISA  (http://pgrc.ipk-gatersleben.de/misa/misa.html)
was used to detect microsatellites with minimal repeat
numbers of 10, 5 and 4 for mononucleotide, dinucleotide
and trinucleotide repeats, respectively.

Phylogenetic analysis

To get more knowledge about phylogenetic analysis of
N. tangutorum, we chose 18 plant species (table 1) from
five orders (Sapindales, Geraniales, Malpighiales, Zygo-
phyllales and Oxalidales) which belong to the same
evolutionary branch (rosids) as N. tangutorum, and the
phylogenetic relationships of these species and N. tanguto-
rum were analysed. To analyse the phylogenetic tree of
N. tangutorum, we downloaded their whole chloroplast
genome sequences from the NCBI Organelle Genome
and Nucleotide Resources. The software MAFFT 7.380
(Katoh and Standley 2013) was used to align the genome
sequence, and RAXML 8.2.4 (Stamatakis 2014) was used
to analyse the evolution of these species. The significance
level for the phylogenetic tree was assessed by bootstrap
testing with 1000 replications.

Results and discussion

Organization and features of the N. tangutorum chloroplast
genome

The chloroplast genome of N. tangutorum was assem-
bled using ~3.98 G sequencing reads. The length of
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Figure 1. Gene map of the N. tangutorum chloroplast genome. The genes shown inside of the circle indicates transcriptional direction
is clockwise, while those shown outside are counterclockwise. Genes belonging to different functional groups are labelled with different
colours. The GC content of the genome shown with grey histogram in the inner circle, and the grey line depicts the 50% threshold

line.

chloroplast genome of N. tangutorum was 159,414 bp, and
the average sequencing depth was 2494.8X. The large sin-
gle copy (LSC) region, small single copy (SSC) region
and the two inverted repeat regions (IRs), IRa and IRD,
were 87,924, 18,318, and 26,586 bp in length, respectively
(figure 1). A total of 110 unique genes were annotated
from the chloroplast genome of N. tangutorum, including
77 protein-coding genes, four ribosomal RNA genes, and
29 tRNA genes. Most of these genes were present as sin-
gle copy and in two or more copies 19 genes occurred. Of

the 110 unique genes, 58 were involved in self-replication
of chloroplast genome, 12 genes encode ribosomal small
subunit proteins, nine genes encode ribosomal large sub-
unit proteins, and four genes encode RNA polymerase
subunits. Forty-three genes in N. tangutorum chloroplast
genome encode proteins associated with photosynthe-
sis, including six ATP synthase subunits, 11 subunits
of NADH dehydrogenase complex, six components of
cytochrome b/f complex, five subunits of photosystem I, 14
subunits of photosystem II, and one large chain of rubisco
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Table 2. List of the annotated genes in N. tangutorum chloroplast genome.

Category of genes Subcategory of genes

Gene names

Self-replication rRNA genes

tRNA genes

Small subunit of ribosome

Large subunit of ribosome
RNA polymerase subunits
ATP synthase gene
NADH dehydrogenase

Photosynthesis

Cytochrome b/f complex
Photosystem I
Photosystem I1

Large chain of rubisco

ATP-dependent protease

Cytochrome c biogenesis

Acetyl-CoA carboxylase

Membrane protein

Maturase

Hypothetical chloroplast reading frame

Other genes

Unknown function

rrnd. 5%, rrn5*, rrnl6%*, rrn23*

29 tRNA (trnl-CAU*, trnL-CAA*, trnV-GAC*, trnl-GAU*,
trnA-UGC*, trnR-ACG*, trunN-GUU*, 7 tRNA genes in IR
regions)

rps2, rps3, rps4, rps7*, rps8, rpsll, rps12*, rpsi4, rpsl5, rpslo,
rps18, rps19*

rpl2*, rpsid4, rpll6, rpl20, rpl22, rpl23%*, rpl32, rpl33, rpl36

rpoA, rpoB, rpoCl, rpoC2

atpA, atpB, atpE, atpF, atpH, atpl

ndhA, ndhB*, ndhC, ndhD, ndhE, ndhF, ndhG, ndhH, ndhl,
ndhJ, ndhK

petA, petB, petD, petG, petL, petN

psaA, psaB, psaC, psal, psaJ

psbA, psbB, psbC, psbD, spbE, psbF, psbH, psbl, psbJ, psbK,
psbL, psbM, psbT, psbZ

rbeL

clpP

cesA

accD

cemA

matK

yef1*, yef2*, yef3, yef4

*Duplicated gene.

(table 2). A total of 17 genes with introns were found in
the chloroplast genome of N. tangutorum. Among these
genes, atpF, ndhA, ndhB, petB, petD, rpll6, rpl2, rpoCl,
rpsl6, trnK-UUU, trnG-UCC, trnL-UAA, trnV-UAC, trnl-
GAU, and trnA-UGC had one intron, and c/pP and ycf3
gene contained two introns. The overall GC content of the
N. tangutorum chloroplast genome was 37.3%.

Repeat and SSR analysis

SSR markers in the N. tangutorum chloroplast genome
were predicted using MISA, and compared with the
chloroplast genomes of E. carvifolium, Pelagronium x hor-
torum, L. usitatissimum and A. carambola. In total, 81
SSRs were identified in the N tangutorum chloroplast
genome, including 78 mononucleotide repeats and three
dinucleotide repeats, and no other type of SSR markers
was found. The total numbers of the SSR repeats were 31,
74, 35 and 65 in E. carvifolium, P. x hortorum, L. usitatis-
simum and A. carambola, respectively (figure 2a). Similar
to N. tangutorum, only mononucleotide repeats and din-
ucleotide repeats were found in the chloroplast genomes
of E. carvifolium, P. x hortorum, L. usitatissimum and A.
carambola. The total number of SSRs predicted from the
N. tangutorum chloroplast genome were comparable to the
chloroplast genomes of P. x hortorum and A. carambola,
and were higher than those of E. carvifolium and L. usi-
tatissimum.

A total of 66 repeats were identified from N. tanguto-
rum chloroplast genome, including 41 tandem repeats,

10 palindromic repeats, and 15 forward repeats. The
distribution of the repetitive sequences of different species
in the chloroplast genomes of N. tangutorum, E. carvi-
folium, L. usitatissimum and A. carambola were similar:
the tandem repeats is also the most abundant repeat cate-
gory, followed by forward repeats and palindromic repeats.
However, in the chloroplast genome of P. x hortorum, the
numbers of the three categories of repeats (tandem repeat,
forward repeat and palindromic repeat) are very similar. In
addition, no reverse repeat was found in all these chloro-
plast genomes (figure 2b).

Phylogenetic analysis of N. tangutorum based on conserved
protein sequences

A phylogenetic analysis was performed based on 19 com-
plete chloroplast genomes of plant species in Sapindales,
Geraniales, Malpighiales, Zygophyllales, and Oxalidales.
The phylogenetic tree was constructed from the 54 protein-
coding genes presented in all the 13 species using maximum
likelihood (ML). RAXML was used to construct the ML
tree with 1000-bootstrap replicates (Stamatakis 2014). The
results indicated that N. tangutorum was clustered into a
monophyletic group with the other eight plant species in
Sapindales, and the five species in Geraniales were clus-
tered in another clade (figure 3). Our results supported
the taxonomic status of N. tangutorum defined in Liu and
Zhou (2003, http://foc.iplant.cn/) and Angiosperm phy-
logeny website (Stevens 2001). In brief, the present study
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Figure 2. Repeat and SSRs analysis. (a) Numbers of SSRs in the cp genome of N. tangutorum compared with other four species. (b)
Numbers of repeats in the cp genome of N. tangutorum compared with other four species. Type F, forward repeat; Type P, palindromic

repeat; Type T, tandem repeat.
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Figure 3. ML phylogenetic tree inferred from 19 chloroplast genome sequences. Numbers at nodes indicate bootstrap values.

characterized the complete chloroplast genome structure
of N. tangutorum, and clarified phylogenetic relationships
of N. tangutorum and relative taxa in rosids, which may be
useful for further study of taxonomy and systematics of
genus Nitraria.
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