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ABSTRACT
In this study, the complete chloroplast (cp) genome of Epimedium tianmenshanense was sequenced
and assembled. The circular genome is 157,066bp in size. The whole chloroplast genome of E. tian-
menshanense contains 112 unique genes, of which 78 protein-coding genes, 30 tRNA genes, and four
rRNA genes. The phylogenetic analysis based on 17 complete chloroplast genomes demonstrated a
closer relationship between E. tianmenshanense and E. lishihchenii.
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Epimedii Folium was used to treat hypertension, coronary
heart disease, osteoporosis, etc. (Hu 2016; Ke et al. 2019;
Zhang et al. 2019). In addition, Epimedii Folium also has anti-
tumor, anti-aging, enhancing immunity, etc. (Lu et al. 2018;
Luo et al. 2019). However, the classification and phylogenetic
relationships among the Epimedium family have long been
controversial because of the species diversity and their
uneven geographical distribution of Epimedium species (Guo
et al. 2007; Zhang et al. 2015; Yan et al. 2019). With the rapid
development of technology, more and more researchers
began to focus on the application of modern molecular tech-
niques to characterize the genetic diversity of Epimedium
family (Guo et al. 2018). Many study results have showed
that the chloroplast genome sequences were essential data
for plant phylogenetic and genetic population analyses (Parks
et al. 2009). Epimedium tianmenshanense, a rare species, only
occurs in the Tianmen Mountain of Hunan Province of China
(Zhang et al. 2015). In the present study, we firstly reported
the complete chloroplast genome of E. tianmenshanense, and
characterized its structure features, which provides vital gen-
etic and phylogenetic information for understanding the rela-
tionship of this species.

In this study, the samples of E. tianmenshanense were col-
lected from the Zhangjiajie City of Hunan province in China
(29�30N, 110�280E). A voucher specimen (Guo 17031) was
deposited at the Herbarium of the Institute of Medicinal
Plant, Chinese Academy of Medical Science, Beijing, China.
The genomic DNA was extracted from the fresh leaves of
E. tianmenshanense using the modified CTAB method (Doyle
and Doyle 1987). DNA sequencing was performed on an

Illumina Hiseq 2000 platform (Illumina Inc, San Diego, CA),
and 150 bp paired-end reads were generated. The filtered
reads were assembled into the complete chloroplast genome
using the program GetOrganelle v1.5 (Jin et al. 2018) with
E. acuminatum chloroplast genome (GenBank accession num-
ber: NC_029941) as a reference. The gene annotation of the
chloroplast genome was conducted through the online pro-
gram Geseq (Tillich et al. 2017) and CPGAVAS 2 (Shi et al.
2019), followed by manual correction if required. The finally
annotated genomic sequence of E. tianmenshanense has
been deposited in GenBank with the accession num-
ber MN882065.

The length of chloroplast genome of E. tianmenshanense
was 157,066 bp. The large single copy (LSC) region, small sin-
gle copy (SSC) region, and the two inverted repeat regions
(IRs) of IRa and IRb, were 88,401, 17,021, and 25,822 bp in
length, respectively. The GC content of complete chloroplast
genome was 38.78%. The GC content of IR regions (43.18%)
was higher than that in LSC (37.38%) and SSC regions
(32.73%). A total of 129 functional genes were annotated.
Among them, 112 genes, including 78 protein-coding genes,
30 tRNA genes and 4 rRNA genes, were unique in the chloro-
plast genome of E. tianmenshanense.

To get more knowledge about the phylogenetic status of
E. tianmenshanense, we downloaded the complete chloro-
plast genomes of 17 plant species from the National Center
for Biotechnoloyg Information (NCBI) to reconstruct a max-
imum-likelihood (ML) phylogenetic tree using the software of
raxmlGUI1.5b (v8.2.10) (Silvestro and Michalak 2012). The
results showed that E. tianmenshanense was closely related to
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E. lishihchenii (Figure 1). The complete chloroplast genome of
E. tianmenshanense should be beneficial for further study on
the taxonomy and systematics in the Epimedium family.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work was supported by the CAMS Innovation Fund for Medical
Sciences (CIFMS) [2017-12M-3-013], the National Nature Science
Foundation of China [81473302], the Chongqing Science and Technology
Burea [cstc2018jcyjAX0316, cc-cstc-CA-19-2], and the Traditional Chinese
Medicine Science and the Technology Projects of Chongqing Health and
Family Planning Commission [ZY201802117].

References

Doyle JJ, Doyle JL. 1987. A rapid DNA isolation procedure for small quan-
tities of fresh leaf tissue. Phytochem Bull. 19:11–15.

Guo BL, He SZ, Zhong GY, Xiao PG. 2007. Two new species of Epimedium
(Berberidaceae) from China. J Syst Evol. 45(6):813–821.

Guo M, Xu Y, Ren L, He S, Pang X. 2018. A systematic study on DNA bar-
coding of medicinally important genus Epimedium L. (Berberidaceae).
Genes. 9(12):637.

Hu YB. 2016. Effects and mechanisms of icariin against atherosclerosis via
MAPK signaling pathway. Jilin University.

Jin JJ, Yu WB, Yang JB, Song Y, Ts Y, D.Z L. 2018. GetOrganelle: a simple
and fast pipeline for de novo assembly of a complete circular chloro-
plast genome using genome skimming data. 4. bioRxiv:256479.

Ke ZP, Zhang XZ, Cao ZY, Cao L, Wang ZZ, Xiao W. 2019. Molecular
mechanism of Epimedii folium in treatment of osteoporosis based on
network pharmacology. China J Chin Mater Med. 44:4048–4052.

Lu YR, Chen YB, Cui YL, Wang QS. 2018. Progress of pharmacological
research on icariin. Chin J Exp Tradit Med Formulae. 24:209–220.

Luo L, Yuan ZY, Huang HY, Zhao BQ. 2019. Advances in the chemical
constituents and pharmacological studies of Epimedium. Asia-Pac Trad
Med. 15:190–194.

Parks M, Cronn R, Liston A. 2009. Increasing phylogenetic resolution at
low taxonomic levels using massively parallel sequencing of chloro-
plast genomes. BMC Biol. 7:84.

Shi L, Chen H, Jiang M, Wang L, Wu X, Huang L, Liu C. 2019. CPGAVAS2,
an integrated plastome sequence annotator and analyser. Nucleic
Acids Res. 47:65–73.

Silvestro D, Michalak I. 2012. raxmlGUI: a graphical front-end for RAxML.
Org Divers Evol. 12:335–337.

Tillich M, Lehwark P, Pellizzer T, Ulbricht-Jones ES, Fischer A, Bock R,
Greiner S. 2017. GeSeq - versatile and accurate annotation of organ-
elle genomes. Nucleic Acids Res. 45(W1):W6–W11.

Yan FL, Wang B, Zhu GF, Wei SH, He SZ. 2019. Research progress in tax-
onomy of Epmedium (Berberidacae). Guizhou Sci. 37:37–47.

Zhang D-G, Deng T, King C, Zhang J, Nie Z, Sun H. 2015. Epimedium tian-
menshanense (Berberidaceae), a new species from Hunan, China.
Phytotaxa. 222(1):33–43.

Zhang YZ, Li CL, Deng JX, Zhao X. 2019. Application of wenyang trad-
itional Chinese medicine in the treatment of hypertension. Hunan J
Tradit Chin Med. 35:151–153.

E. dolichostemon (NC 029942)
E. pseudowushanense (NC 029945) 
E. sagittatum (NC 029428)
E. tianmenshanense
E. lishihchenii (NC 029944)
E. koreanum (NC 029943)
Sinopodophyllum hexandrum (NC 027732)
Diphylleia grayi (NC 037901) 
Podophyllum peltatum (NC 037903) 
Dysosma delavayi (NC 037899) 
Achlys triphylla (NC 037726) 
Plagiorhegma dubium (NC 038103) 
Gymnospermium kiangnanense (NC 041670)
G. microrrhynchum (NC 030061)
Nandina domestica (NC 008336)
Hylomecon japonica (NC 045388) 
Macleaya microcarpa (NC 039623) 

100
100

82

90

88

100

100

100

88

100

100

100

100

100

100

Figure 1. Maximum likelihood (ML) phylogenetic tree based on complete chloroplast genomes of 17 species, with Hylomecon japonica and Macleaya microcarpa as
outgroup. Numbers above the lines represent ML bootstrap values.

1008 Y. ZHANG ET AL.


	Abstract
	Disclosure statement
	Reference


