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ABSTRACT
Salvia chienii E.Peter is a medicinal herb mainly distributed in Huangshan Mountain of Anhui province,
China. In this study, the first complete chloroplast genome of S. chienii was sequenced and assembled.
The genome length was 151,530bp and encoded 143 genes (91 protein-coding genes, eight rRNA
genes, and 37 tRNA genes). The phylogenomic analysis showed that S. chienii was closely related to
S. miltiorrhiza. Further evolutionary studies of the genus Salvia could benefit from the complete
chloroplast genome of S. chienii present in this study.
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Introduction

The genus Salvia is the largest member of the Lamiaceae fam-
ily and is widely distributed around the world. Some Salvia spe-
cies have antioxidant, anti-inflammatory and anti-cancer
properties (Bonesi et al. 2017). Their main active constituents
are phenolic acids and terpenoids. Salvia chienii E.Peter is pri-
marily found in Huangshan Mountain of Anhui Province, China.
The high content of salvianolic acid B and low levels of tanshi-
nones were recorded in this species. In the ‘Flora of China’ (Wu
and Raven 1999), it was mentioned that S. chienii generally
grows along roadsides or hillsides and is a perennial plant with
upright stems covered with profuse pubescence from the top
downward. It has trifoliate or simple leaves and usually blooms
in July. Chloroplast genomes of numerous Salvia species have
been published (Zhou et al. 2020, Hu et al. 2020), but the
chloroplast genome of S. chienii is not reported yet. In the
study, we reported the complete chloroplast genome of S.
chienii for the first time, which helped to clarify interspecific
relationships among the Salvia species.

Materials and methods

Fresh samples of S. chienii were collected from Huangshan,
Anhui, China (GPS: E114�04003.1500, N31�49046.4600) (Figure 1).
A specimen was deposited at Herbarium of Shanghai
Chenshan Botanical Garden (CSH) (Yukun Wei, ykwei76@

hotmail.com) and was given a voucher number S1094. Total
genomic DNA was extracted by using DNA Plantzol reagent
(Invitrogen, Carlsbad, CA, USA). A 350-bp paired-end library
was constructed using Illumina’s TruSeq Nano DNA Library
Preparation kit following the manufacturer’s instructions.
About 3.51G of original data was sequenced using Illumina
HiSeq 2500 platform (Illumina Inc., San Diego, CA, USA). The
chloroplast genome was assembled using rbcL gene
(genbank number: NC_023209) as a seed sequence by
NOVOPlasty (Dierckxsens et al. 2017), and annotated with
GeSeq v2.03 and Geneious Prime 2022 (https://www.genei-
ous.com). The newly annotated chloroplast genome was sub-
mitted to GenBank with accession number OK094518.

To reveal the phylogenetic relationship of S. chienii, the
sequences of other 23 chloroplast genomes were downloaded
from NCBI (https://www.ncbi.nlm.nih.gov). Callicarpa nudiflora
was used as an outgroup. Alignments were performed by
MAFFT v7.486 (Katoh and Standley 2013), and a maximum like-
lihood tree was constructed using IQ-TREE (Nguyen et al. 2015)
with the best-predicted model TVMþ FþR3 and 1000 boot-
strap replicates. Bayesian reference were conducted by
Mrbayes (Ronquist et al. 2012) (v 3.2.7).

Results

The size of the chloroplast genome of S. chienii was
151,530 bp with a typical circular structure and a GC content
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of 38% (Figure 2). It consisted of a large single copy region
(LSC) of 82,800 bp, a small single copy region (SSC) of
17,574 bp, and two inverted repeating regions (IR) of
25,578 bp. A total of 143 genes were annotated in the chloro-
plast genome of S. chienii, including 91 protein-coding genes,
eight rRNA genes, and 37 tRNA genes. Among these genes,
seven protein-coding (ndhB, rpl2, rpl23, rps12, rps7, ycf15 and
ycf2), seven tRNA (trnA-UgC, trnI-Cau, trnI-Gau, trnL-caa, trnN-
guu, trnR-ACG and trnV-GAC) and four rRNA genes (rrn5,
rrn4.5, rrn23, rrn16) have two copies. Totally 11 cis-splicing
genes including rps16, atpF, rpoC1, pafl, clpP1, petB, petD,
rpl16, rpl2, ndhB and ndhA (Figure S2), and one trans-splicing
genes rps12 (Figure S3) were detected by CPGview (Liu et al.
2023) (http://www.1kmpg.cn/cpgview/).

IQTree conducted the phylogenetic analysis with 24
chloroplast genomes (Figure 3). As shown in the figure, six
clades were generated in the phylogenetic tree, consisting of
Salviinae, Menthinae, Elsholtzieae, Ocimeae and outgroup. Our
results showed that Salviinae had two subgroups (S. miltior-
rhiza subgroup and S. officinalis subgroup). The separation
time of S. officinalis subgroup was earlier than S. miltiorrhiza
subgroup. The clustering results supported that S. chienii was

more closely related to S. miltiorrhiza, as the two species
were clustered together under S. miltiorrhiza subgroup.

Discussion

Salvia species belongs to multi-lineage evolution, but the
relationship between the lineages is still unclear. The evolu-
tionary relationships of Salvia species are frequently investi-
gated using phylogenetic analysis. Our phylogenetic tree
showed that there are two subgroups of Salvia species; S.
miltiorrhiza subgroup which comprises Salvia species in East
Asia and S. officianlis subgroup which comprises Salvia spe-
cies in Europe. The divergence between the two subgroups
is consistent with what was previously reported (Hu et al.
2018). S. miltiorrhiza group has two core subgroups, which
suggests the evolutionary relationships of Salvia species in
Eastern Asia. However, relationships within S. miltiorrhiza
group remain unclear (Hu et al. 2018). S. chienii is clustered
with S. miltiorrhiza, which will provide valuable information
to explore the lineage of Salvia species in Eastern Asia.
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Figure 1. Image of S. chienii species.Yukun Wei collected the image in Tangkou
Town, Huangshan, Anhui, China (GPS: E114�04003.1500 ,N31�49046.4600). The
leaves of S. chienii are long oval with serrated edges. Verticillasters form
extended racemes with lavender flowers.
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