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ABSTRACT
Epimedium xichangense, a critically endangered herb with limited population, mainly distributes in
Sichuan province, China. In our study, we obtained the complete chloroplast genome of E. xichangense
with a length of 158,955 bp, including a large single copy region of 86,478bp, small single copy region
of 17,027bp, and a pair of inverted repeat regions of 27,725bp. The GC content in the whole chloro-
plast genome of E. xichangense is 38.81%. Among the 112 unique genes in the circular genome, 30
tRNA, four rRNA and 78 protein-coding genes were successfully annotated. We constructed the
Maximum likelihood (ML) tree with 26 species, and came to the conclusion that E. xichangense was
phylogenetically closely related to E. acuminatum and E. chlorandrum.
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The Epimedium L., a perennial herbaceous genus of
Berberidaceae family, is commonly known as a medicinal
plant in the world. The therapeutic effects of Epimedii Folium
include nourishing kidney, strengthening bones and relieving
rheumatism, which had a long history using in traditional
Chinese medicine (Ye and Chen 2001; Wu et al. 2003; Ma
et al. 2011). E. xichangense is designated as a critically endan-
gered species, which is only found in the Xichang County,
Sichuan, China (Zhang et al. 2016). The chloroplast is an
important organelle that has its own genomes, and the
chloroplast genome of plants has been a focus of research in
plant molecular evolution and systematics (Clegg et al. 1994).
So far, six complete chloroplast genomes of Epimedium have
been reported (Zhang et al. 2016; Liu et al. 2019). In this
study, we sequenced chloroplast genes of E. xichangense,
which is a valuable resource for further studies of the
Berberidaceae family especially in terms of genetic evolution.

The fresh leaves were collected from the Xichang County,
Sichuan, China (N27�530, E102�150). The voucher specimen
(Guo0619) were deposited at the Herbarium of the Institute
of Medicinal Plant (IMPLAD), Beijing, China. Genomic DNA
was extracted using the modified CTAB method (Doyle and
Doyle 1987). The sequencing was carried out on the Illumina
Novaseq PE150 platform (Illumina Inc, San Diego), and
150bp paired-end reads were generated. The software
GetOrganelle v1.5 (Jin et al. 2018) was used to assemble the
cleaned reads into a complete chloroplast genome, with E.
acuminatum (GenBank accession number: NC_029941)

chloroplast genome as a reference. The chloroplast genome
annotation was performed through the online program
CPGAVAS2 (Shi et al. 2019) and GeSeq (Tillich et al. 2017), fol-
lowed by manual correction. The assembled chloroplast gen-
ome sequence has been submitted to GenBank with the
accession number MN883539.

In the present study, the complete chloroplast genome of
E. xichangense is 158,955 bp in length, which is a typical cir-
cular structure consisting of two reverse repeat regions (IRa
and IRb) of 27,725 bp that separated by a large single copy
(LSC, 86,478 bp) and a small single copy (SSC, 17,027 bp). The
GC content in IR, LSC and SSC regions is 43.02%, 37.30% and
32.79%, respectively. The chloroplast genome was identified
to have a total of 131 genes, including 85 protein-coding
genes, 38 tRNA genes, and eight rRNA genes. Seven protein-
coding genes (rps12, ndhB, rps7, rpl23, rpl2, rps19and ycf2),
seven tRNA (trnA-UGC, trnI-CAU, trnI-GAU, trnL-CAA, trnN-GUU,
trnV-GAC, and trnR-ACG), four rRNA (rrn16, rrn23, rrn4.5, and
rrn5) appear twice in the inverted orientation, and one tRNA
gene (trnQ-UUG) is duplicated in the LSC. Nine protein-coding
genes (ndhA, rps16, atpF, rpoC1, petB, petD, rpl16, rpl2, and
ndhB) and six tRNA genes (trnK-UUU, trnG-UCC, trnL-UAA,
trnV-UAC, trnI-GAU, and trnA-UGC) contain one intron, and
while three genes (clpP, rps12, and ycf3) contain two introns.

The chloroplast genomes of 23 species from Berberidaceae
and as well as Urophysa henryihernia and Helleborus thibetanus
as outgroup species were downloaded from the NCBI
GenBank database to identify the phylogenetic relationship of
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E. xichangense. The sequences were aligned using MAFFT v7
(Katoh et al. 2019). In addition, a Maximum likelihood (ML)
tree based on the common protein-coding genes of 26 species
was constructed by using raxmlGUI1.5b (v8.2.10) (Silvestro and
Michalak 2012). Phylogenetic analysis shows that E. acumina-
tum and E. chlorandrum are closely related to E. xichangense
(Figure 1). This study will provide important information for
species identification, chloroplast genetic engineering and
phylogenetic relationship in Berberidaceae family.
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Figure 1. Phylogenetic tree reconstructed using maximum likelihood (ML) method based on the common protein-coding genes of 26 species, with Urophysa henryi-
hernia and Helleborus thibetanus as the outgroup. Numbers above the lines represent ML bootstrap values (>70%).
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