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ABSTRACT

Both Epimedium sutchuenense Franch. 1894 and E. fargesii Franch. 1894 are perennial herbs with excel-
lent ornamental values due to their showy flowers. However, little molecular research has been done
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on these species. Here, the complete chloroplast (cp) genome of E. sutchuenense and E. fargesii was

analyzed and reported. The cp genome sizes of E. sutchuenense and E. fargesii were 157, 263 and 157,
133 bp, respectively. Both the two cp genomes contained a pair of inverted repeat regions (IRs) (25,782
and 25,796 bp), separated by the small single-copy (SSC) region (17,106 and 17,071 bp) and a large sin-
gle-copy (LSC) region (88,593 and 88,470 bp). A total of 113 unique genes were annotated in each of
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the two cp genomes, including 79 protein-coding genes, 30 tRNA genes, and four rRNA genes.
Phylogenetic analysis supported a close relationship between E. sutchuenense and E. wushanense, while

E. fargesii had no clear clustering branch.

1. Background

Epimedium L., the largest genus of Berberidaceae, is a peren-
nial herb discontinuously distributed in eastern Asia and the
Mediterranean regions (Stearn 2002; Ying et al. 2011). The
genus contains approximately 68 species/taxa, among which
58 species were distributed in China (Xu et al. 2020). It was
noted that 27 Chinese Epimedium species were listed in the
Red List of China Higher Plants (Qin et al. 2017). Some
Epimedium species are of outstanding ornamental values
(Probst 1998; Ren et al. 2008; Avent 2010). One of such spe-
cies, E. sutchuenense Franch. 1894 is an excellent ornamental
groundcover plant because of its rapidly growing rhizomes
and attractive foliage and flowers. The species is mainly dis-
tributed in Sichuan, Hubei, Shaanxi provinces, and
Chongqing city of China (Stearn 2002; Ying et al. 2011).
Another species, E. fargesii Franch. 1894 is endemic to moun-
tainous areas of Chongqging City, Sichuan, and Hubei
Provinces (Stearn 2002; Ying et al. 2011; Xu et al. 2020). Due
to its excellent ornamental values, the plant has been over-
exploited and endangered (Qin et al. 2017).

Epimedium is one of the most taxonomically difficult rep-
resentatives of Berberidaceae. Although the complete chloro-
plast (cp) genomes of same species have been presented
recently (Liu et al. 2021a, 2021b), more molecular evidences
are indispensable for further investigation of Epimedium. In
this study, the sampling sites of the current two species were
at a distance of about 40 km from those of the two published
ones. Given the complex terrains of mountains, the distances
would cause the genetic differences within the same species.

Meanwhile, the phylogenetic tree with more species would
more accurately explain the evolutionary status of the two
species. Here, the complete cp genome of E. sutchuenense
and E. fargesii was sequenced, and the phylogenetic relation-
ship within Epimedium was analyzed. The baseline informa-
tion would be beneficial to the conservation of the
horticultural germplasm resources.

2. Methods

An individual of E. sutchuenense was collected from
Shennongjia Forest District, Hubei Province, China (latitude
31.4734, longitude 110.3910); the sample of E. fargesii was
collected from Chengkou County, Chongging, China (latitude
31.8391, longitude 108.6277). The specimens of the two spe-
cies were deposited at the Herbaria of Jiangxi University of
Chinese Medicine (JXCM) (https://www.jxutcm.edu.cn/, Yangin
Xu, xuyanqin927@163.com) under the voucher numbers Y. Q.
Xu and S. Y. Tian 2021006 and Y. Q. Xu and S. X. Liu
2016024, respectively.

Genome DNA was isolated from 0.5g fresh leaves using
the CTAB method (Doyle and Doyle 1987). The purified DNA
was used to build a sequencing library with the Illumina
NovaSeq 6000 platform. The complete cp genomes of two
species were assembled using GetOrgnelle v1.71 (Jin et al.
2020). The resultant genomes were annotated by the gen-
ome annotator GeSeq (Tillich et al. 2017) with E. wushanense
(NC_044891) as the reference, and the results were manually
adjusted by Geneious (Kearse et al. 2012). The complete
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Figure 1. The maximum-likelihood (ML) phylogenetic tree based on 19 complete chloroplast genomes, with Vancouveria hexandra as an out-group. Numbers at the

right of nodes are bootstrap support values (>50).

annotation cp genomes were deposited in GenBank
with accession numbers MZ645926 (E. sutchuenense) and
MZ603801 (E. fargesii).

A maximum-likelihood (ML) phylogenetic tree was con-
structed based on the 19 published complete cp genomes of
Epimedium, with Vancouveria hexandra as an out-group. The
ML tree was computed by PhyML v.3.0 (Stéphane et al. 2010)
under the best model (F81) evaluated by Jmodeltest (Darriba
et al. 2012).

3. Results

The lengths of the complete cp genomes of E. sutchuenense
and E. fargesii were 157,263 and 157,133 bp, respectively.
Both the two cp genomes exhibited typical quadripartite
structures, including two inverted repeat regions (IRs), one
large single-copy (LSC) region, and one small single-copy
(SSC) region. For E. sutchuenense, the lengths of the IR, LSC,
and SSC regions were 25,782 bp, 88,593 bp, and 17,106 bp,
respectively; for E. fargesii, the lengths of the corresponding
regions were 25,796 bp, 88,470bp, and 17,071 bp, respect-
ively. Both the two cp genomes showed overall GC content
of 38.78%. The GC contents of E. sutchuenense were 37.37,
32.77, and 43.20% in the LSC, SSC, and IR regions, respect-
ively, while these of E. fargesii were 37.38, 32.74, and 43.18%,
respectively. Each of the two cp genomes was comprised of
113 unique genes, including 79 protein-coding genes, 30
tRNA genes, and four rRNA genes. Among them, 19 genes
were duplicated, including seven protein-coding genes, eight
tRNA genes, and four rRNA genes.

The phylogenetic analysis showed a close relationship
between E. sutchuenense and E. wushanense, although the
two species belong to different series with distinct

morphological traits (Figure 1). The similar phylogenetic pat-
tern was also reported in recent studies within the genus
Epimedium (Huang et al. 2020; Guo et al. 2021). Contrastingly,
E. fargesii had no clear cluster with other species of
Epimedium, which might be associated with the short history
of speciation of the species (Zhang et al. 2007; De Smet et al.
2012; Guo et al. 2021).

Ethical approval

The collecting of all samples in this study followed the Regulations on
the Protection of Wild Plants of the People’s Republic of China.

Author contributions

YX and HH contributed the design of the study; ST, QT, and XP per-
formed the sample collection and experiments; ZZ, FL, and XP performed
analysis and interpretation of the data. YX, QT, ZZ, and HH were involved
in the drafting of the manuscript. YX supervised. YX and HH revised the
manuscript critically for intellectual content. All authors were involved in
the final approval of the version to be published. All authors agree to be
accountable for all aspects of the work.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work was supported by the National Natural Science Foundation of
China [82060684]; Jiangxi University of Traditional Chinese Medicine
1050 Young Talents Project [5141900107]; and Young and Middle-Aged
Talents Training Program of Traditional Chinese Medicine of Jiangxi
Province [2020-2].



880 S. TIAN ET AL.

Data availability statement

The genome sequence data that support the findings of this study are
openly available in GenBank of NCBI at https://www.ncbi.nlm.nih.gov/,
reference numbers MZ645926 (E. sutchuenense) and MZ603801 (E. farge-
sii). The associated BioProject, SRA, and Bio-Sample numbers of E. sutch-
uenense are PRINA771213, SRR16348881, and SAMN22256841,
respectively, and these of E. fargesii are PRINA771209, SRR16350057, and
SAMN22256802, respectively.

References

Avent T. 2010. An overview of Epimedium. Plantsman. 9:878-17.

Darriba D, Taboada GL, Doallo R, Posada D. 2012. jModelTest 2: more
models, new heuristics and parallel computing. Nat Methods. 9(8):
772-772.

De Smet Y, Goetghebeur P, Wanke S, Asselman P, Samain MS. 2012.
Additional evidence for recent divergence of Chinese Epimedium
(Berberidaceae) derived from AFLP, chloroplast and nuclear data sup-
plemented with characterization of leaflet pubescence. Plant Ecol
Evol. 145(1):73-87.

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

Guo MY, Pang XH, Xu YQ, Jiang WJ, Liao BS, Yu JS, Xu J, Song JY, Chen
SL. 2021. Plastid genome data provide new insights into the phyl-
ogeny and evolution of the genus Epimedium. J Adv Res. 36:175-185.

Huang RQ, Liang Q, Wang Y, Yang TJ, Zhang YJ. 2020. The complete
chloroplast genome of Epimedium pubescens Maxim. (Berberidaceae),
a traditional Chinese medicine herb. Mitochondrial DNA B Resour.
5(3):2042-2044.

Jin JJ, Yu WB, Yang JB, Song Y, dePamphilis CW, Yi TS, Li DZ. 2020.
GetOrganelle: a fast and versatile toolkit for accurate de novo assem-
bly of organelle genomes. Genome Biol. 21(1):241.

Kearse M, Moir R, Wilson A, Stones-Havas S, Cheung M, Sturrock S,
Buxton S, Cooper A, Markowitz S, Duran C, et al. 2012. Geneious Basic:

an integrated and extendable desktop software platform for the
organization and analysis of sequence data. Bioinformatics. 28(12):
1647-1649.

Liu X, Zhang Y, Zhang C, Xu C, Qin W, Shen G, Guo B. 2021a. The com-
plete chloroplast genome of Epimedium sutchuenense Franch.
(Berberidaceae). Mitochondrial DNA B Resour. 6(11):3289-3291.

Liu X, Zhang Y, Zhang C, Xu C, Qin W, Shen G, Guo B. 2021b. The com-
plete  chloroplast genome of Epimedium fargesii  Franch.
(Berberidaceae), a rare plant species endemic to China . Mitochondrial
DNA B Resour. 6(11):3286-3288.

Probst D. 1998. Garden elegance. Amer Nurseryman. 187(5):34-40.

Qin HN, Yang Y, Dong SY, He Q, Jia Y, Zhao LN, Yu SX, Liu HY, Liu B, Yan
YH, et al. 2017. Threatened species list of China’s higher plants.
Biodivers Sci. 25(7):696-744.

Ren L, Dai SL, Wang Y. 2008. The germplasm resources of Epimedium in
China and its application in landscape architecture. J Wuhan Bot Res.
26:644-649.

Stearn WT. 2002. The genus Epimedium and other
Berberidaceae. Portland: Timber Press; p. 27-34.

Stéphane G, Francois DJ, Vincent L, Maria A, Wim H, Olivier G. 2010. New
algorithms and methods to estimate maximum-likelihood phylogenies:
assessing the performance of PhyML 3.0. Syst Biol. 59:307-321.

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

Xu YQ, Jiang Y, Huang H, Li RE, Li FQ, Liu Y, Huang XF. 2020. Taxonomic
study of Epimedium L.: status, issues and prospect. Guihaia. 40(5):
601-617.

Ying TS, Boufford DE, Brach AR. 2011. Epimedium L. In: Wu ZY, Raven PH,
Hong DY, editors. Flora of China. Vol. 19. Beijing; St. Louis: Science
Press; Missouri Botanical Garden Press; p. 787-799.

Zhang ML, Uhink CH, Kadereit JW. 2007. Phylogeny and biogeography of
Epimedium/Vancouveria (Berberidaceae): Western North American—East
Asian disjunctions, the origin of European mountain plant taxa, and
East Asian species diversity. Syst Bot. 32(1):81-92.

herbaceous


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

	Abstract
	Background
	Methods
	Results
	Ethical approval
	Author contributions
	Disclosure statement
	Funding
	Data availability statement
	References


