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ABSTRACT

The chloroplast genome sequences of Chinese Boraginaceae species, Onosma fuyunensis Y. He & Q.R.
Liu, were reported in this study. We sequenced O. fuyunensis using the lllumina HiSeq X Ten platform.
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The total length of O. fuyunensis chloroplast genome is 150,612 bp, including a large single-copy region

of length 82,853 bp, a small single-copy region of length 17,281 bp, and a pair of 25,239-bp inverted
repeat regions. The chloroplast genome of O. fuyunensis has 133 genes, including 84 protein-coding,
eight ribosomal RNA, and 37 transfer RNA genes. The overall GC content of the whole genome was
43.3%. The phylogenetic analysis revealed that O. fuyunensis is closely related to Borago officinalis and

Plagiobothrys nothofulvus.

The genus Onosma L. belongs to the family Boraginaceae, it
consists of ca. 240 species of biennial or perennial herbs and
subshrubs. This genus is distributed in the temperate zones
of the Old-World, with the main center of diversity in the
Irano-Turanian region (Weigend et al. 2016). Many species of
the genus Onosma have been reported as medicinal plants
that contain rich bioactive compounds (Pandey 1970; Gu
2016; Sher et al. 2016). O. fuyunensis is a newly reported spe-
cies distributed in Xinjiang, China (He et al. 2020). In this
study, we sequenced the complete chloroplast genome of O.
fuyunensis, provided the first chloroplast genome in this
genus and tribe Lithospermeae.

The voucher specimens of O. fuyunensis were collected
from Fuyun, Xinjiang Province, China (46°59'01”N,
89°41'42"E) and stored at Herbarium of Beijing Normal
University (BNU, collected by Y. He & Y. Zhou, No. XJ133).
The total DNA was isolated from approximately 0.05g of
dried leaves using the modified CTAB method. The extracted
DNA was then purified using the Wizard DNA clean-up sys-
tem (Promega Corp.). The complete chloroplast genome was
sequenced at Novogene Biotech Co. (Beijing, China) using
the lllumina HiSeq X Ten platform with a 150-bp shotgun
library. Approximately 10GB of 150-bp paired-end reads of O.
fuyunensis were generated. The obtained raw data (NCBI
accession number PRINA673017), containing some low-qual-
ity short sequences, were processed and assembled as
described by Bakker et al. (2016) and Wei et al. (2017). The
sequencing results were mapped to the reference chloroplast
genome sequence (Salvia officinalis, NCBI accession number
NC_038165) using Geneious Prime 2020.2 (https://www.
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geneious.com) software. The complete chloroplast genome
was annotated using DOGMA (http://dogma.ccbb.utexas.edu/
) and Geneious Prime 2020.2 and checked manually. The cir-
cular chloroplast genome map was drawn in OGDRAW
(Lohse et al. 2007). The complete chloroplast genome of O.
fuyunensis (NCBI accession number MT341643) is 150,612 bp
long and has a typical quadripartite structure, with one
82,853-bp large single-copy (LSC) region, one 17,281-bp small
single-copy (SSC) region, and two 25,239-bp inverted repeats
(IR) regions. It contained 133 genes including 84 protein-cod-
ing, 37 tRNA, and eight rRNA genes. In addition, six protein-
coding, seven tRNA, and four rRNA genes are duplicated in
the IR regions. Among annotated genes, eight protein-coding
(atpF, ndhA, ndhB, petD, rpl2, rpl16, rpoC1 and rps16) and six
tRNA (trnA-UGC, trnG-UCC, trnl-GAU, trnK-UUU, trnL-UAA and
trnV-UAC) genes contained one intron, while two genes (cIpP
and ycf3) contain two introns. The overall GC content of the
chloroplast genome is 43.3%.

Eight complete chloroplast genome sequences were
downloaded from the NCBI database to confirm the phylo-
genetic position of O. fuyunensis. Sequences were automatic-
ally aligned with MAFFT (Katoh 2002). Maximum-likelihood
(ML) trees were performed with Randomized Axelerated
Maximum Likelihood (RAXML)-HPC2 (Stamatakis 2014), from
the Cyber-infrastructure for Phylogenetic Research (CIPRES)
Science Gateway (Miller et al. 2010). The parameter settings
followed Wei et al. (2017). Forsythia suspensa (NC_036367)
was set as outgroup. The results showed that O. fuyunensis
was closely related to Borago officinalis and Plagiobothrys
nothofulvus (Figure 1).
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Forsythia suspensa NC_036367
Plagiobothrys nothofulvus MF_621620

Borago officinalis MN_823729
Onosma fuyunensis MT_341643

Salvia japonica KY_646163
Lavandula angustifolia KT_948988
Glechoma longituba MK_609928

Premna microphylla KM_981744
Holmskioldia sanguinea MN_227130

Figure 1. Phylogenetic tree of nine species based on the complete chloroplast
genome by the maximum likelihood (ML) methods. Forsythia suspensa was
the outgroup.

Disclosure statement

The authors report no conflicts of interest. The authors alone are respon-
sible for the content and writing of this article.

Funding

This research was financed by the Fundamental Research Funds for the
Central Universities [grant number 310421121], China Postdoctoral
Science Foundation [grant number 2020M680434] and the National
Natural Science Foundation of China [grant number 31770213].

ORCID

Yi He http://orcid.org/0000-0002-6925-7299

Data availability statement

The data that support the findings of this study are openly available in
GenBank of NCBI at https://www.ncbi.nlm.nih.gov, reference num-
ber MT341643.

MITOCHONDRIAL DNA PART B (&) 3143

References

Bakker FT, Lei D, Yu JY, Mohammadin S, Wei Z, van de Kerke S,
Gravendeel B, Nieuwenhuis M, Staats M, Alquezar-Planas DE, et al.
2016. Herbarium genomics: plastome sequence assembly from a
range of herbarium specimens using an lIterative Organelle Genome
Assembly pipeline. Biol J Linn Soc. 117(1):33-43.

Gu J. 2016. Traditional Tibetan medicine. Beijing: Nationalities Publishing
House; p. 477.

He Y, Xu XM, Zhou Y, Liu QR. 2020. Onosma fuyunensis (Boraginaceae), a
new species from Xinjiang, China. PhytoKeys. 144:11-22.

Katoh K, Misawa K, Kuma K, Miyata T. 2002. MAFFT: a novel method for
rapid multiple sequence alignment based on fast Fourier transform.
Nucleic Acids Res. 30(14):3059-3066.

Lohse M, Drechsel O, Bock R. 2007. OrganellarGenomeDRAW (OGDRAW):
a tool for the easy generation of high-quality custom graphical maps
of plastid and mitochondrial genomes. Curr Genet. 52(5-6):267-274.

Miller MA, Pfeiffer W, Schwartz T. 2010. Creating the CIPRES science gate-
way for inference of large phylogenetic trees. In: Gateway Computing
Environments Workshop, editors. 2010 Gateway Computing
Environments Workshop (GCE). New Orleans: Institute of Electrical and
Electronics Engineers; p. 1-8.

Pandey MR. 1970. Use of medicinal plants in traditional Tibetan therapy
system in upper Mustang, Nepal. Our Nature. 4(1):69-82.

Sher H, Bussmann RW, Hart R, de Boer HJ. 2016. Traditional use of medi-
cinal plants among Kalasha, Ismaeli and Sunni groups in Chitral District,
Khyber Pakhtunkhwa province, Pakistan. J Ethnopharmacol. 188:57-69.

Stamatakis A. 2014. RAXML version 8: a tool for phylogenetic analysis
and post-analysis of large phylogenies Bioinformatics. 30(9):
1312-1313.

Wei Z, Zhu SX, van den Berg RG, Bakker FT, Schranz ME. 2017.
Phylogenetic relationships within Lactuca L. (Asteraceae), including
African species, based on chloroplast DNA sequence comparisons.
Genet Resour Crop Evol. 64(1):55-71.

Weigend M, Selvi F, Thomas DC, Hilger HH. 2016. Boraginaceae. In:
Kadereit JW, Bittrich V, editors. The families and genera of vascular
plants. Vol. 14. Switzerland: Springer; p. 41-102.


https://www.ncbi.nlm.nih.gov

	Abstract
	Disclosure statement
	Funding
	Orcid
	Data availability statement
	References


