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ABSTRACT 
Scutellaria franchetiana H.L�ev. 1911 is an important medicinal plant distributed on hillside wetlands at 
an altitude of 830-2300 m. The total length of complete chloroplast genome of S. franchetiana 
151,852 bp of 38.37% GC content. It is a typical quadratic structure with four subregions consisting of a 
large single-copy region (83,894 bp), a small single-copy region (17,520 bp), and a pair of inverted 
repeats (25,219 bp). In the chloroplast genome of S. franchetiana, 130 genes were detected, comprising 
86 protein-encoding genes, eight ribosomal RNA (rRNA) genes, and 36 transfer RNA (tRNA) genes. The 
comparative analysis of complete chloroplast genome sequences including 68 common genes of 27 
plants indicates that S. franchetiana has a close relative relationship with Scutellaria orthocalyx and 
Scutellaria meehanioides. This work reported the first chloroplast genome of S. franchetiana, which 
provided a potential reference for studying phylogenetic relationships of the Scutellaria genus.
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Introduction

Scutellaria franchetiana H.L�ev. 1911 belongs to Sect. 
Maschalostachys of Scutellaria genus and predominantly 
inhabits hillside wetlands at altitudes ranging from 830 to 
2,300 meters. The Scutellaria genus, a member of the 
Labiatae family, comprises more than 300 species that are 
globally distributed among angiosperms (Bruno et al. 2002). 
Although the species of the genus Scutellaria are very rich, 
the Scutellaria plant sequence is still relatively few in NCBI 
genebank (25 complete chloroplast genomes include S. fran-
chetiana, lastest date:2023.08.24). Therefore, there are many 
pharmacological studies on Scutellaria but few studies on sys-
tematic evolution at present. Scutellaria plants have been 
used as medicine in China since 2000 years ago, with the 
functions of clearing away heat and dampness, resisting 
inflammation and oxidation, and stopping bleeding (Shen 
et al. 2021). However, the research focus is on S. baicalensis, 
and there are few studies on the genetic relationship and 
pharmacological activities of other plants in Scutellaria (Islam 
et al. 2022). The chloroplast genome of S. franchetiana has 
not been published, which leads to its systematic genetic 
location is still unclear. For this reason, we constructed a 
high-quality assembled chloroplast to provide a reference to 
explore phylogenetic relationship of Scutellaria genus.

Materials and methods

We collected the fresh leaves of S. franchetiana from 
Mountain Jinyun, Chongqing (Geospatial coordinates: N29.83, 
E106.39). The original plant was identified as S. franchetiana 
by Professor Weikai Gao (Figure 1 and Figure S1). We used 
the genomic DNA kit (Tiangen Biotech, Beijing) to extract the 
total DNA of fresh leaves. The genome sequence was per-
formed on the Hiseq 2500 platform (Illumina, San Diego, CA, 
USA). A specimen was deposited at Guizhou Tobacco 
Company Anshun Tobacco Company (Prof. Weikai Gao, 
E-mail: gwktobacco@163.com) under the voucher number 
202211212.

In total, 5.81 G of raw data were assembled into a chloro-
plast genome using NOVOPlasty (version 2.7.2) (Dierckxsens 
et al. 2017). Annotation of S. franchetiana sequence was per-
formed using CPGAVAS2 (Shi et al. 2019). The average read 
mapping depths of the assembled genome were 2,113�
(Figure S2). By aligning all raw reads against the assembled 
genome the genome sequence was confirmed using 
SAMtools v1.9 and BWA v0.7.17 (WGS500 Consortium, 2014) 
in GeIS (the environment of Genome Information System; 
https://geis.infoboss.co.kr/). A circular map of the chloroplast 
genome and a schematic map of the cis- and trans-splicing 
genes were drawn by CPGView (Figure 2 and Figure S3) (Liu 
et al. 2023).
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To investigate the phylogenetic relationship of Scutellaria 
genus, we downloaded chloroplast genomes sequences in 

NCBI including 24 Scutellaria plants and two outgroup plants 
(Holmskiodia Sanguine and Tinnea Aetiopica, which belong to 

Figure 1. S. franchetiana H.L�ev. (These photographs were taken by Prof. Weikai Gao). (A) S. franchetiana in its natural habitat (B) The flowers of S. franchetiana.

Figure 2. The chloroplast genome map of S. franchetiana. The circle map of chloroplast genome map of S. franchetiana. Genes are depicted within distinctive col-
ored boxes encircling the outer circle, with genes transcribed in a clockwise direction inside the circle and those transcribed counter-clockwise positioned outside. 
The circles closest to the center are indicated by red and green arcs for forward and reverse repeats, respectively. The inner circle displays a gray region, indicating 
the GC content, while the quadripartite structure (LSC, SSC, IRA, and IRB) is accurately represented within the inner circle.
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Scutellarioideae and are related genera of Scutellaria.). The 
common genes of 27 chloroplast genomes (including S. fran-
chetiana) were extracted and concatenated with Phylosuite 
(Zhang et al. 2020). These sequences including 68 common 
genes were aligned using Multiple Alignment using Fast 
Fourier Transform (MAFFT, v7.450) (Rozewicki et al. 2019), 
and a phylogenetic tree was constructed using the alignment 
and maximum-likelihood (ML) method implemented in IQtree 
with the parameter ‘GTRþ FþR2’ (Trifinopoulos et al. 2016).

Result

The total length of the complete chloroplast genome of S. 
franchetiana (GenBank accession number: OQ909432.1) is 
151,852 bp with 38.37% GC content (Figure 2). The chloro-
plast genome of S. franchetiana contained a typical quadratic 
structure including a pair of inverted repeats (IRs) of 
25,219 bp separated by a single-copy (SSC) region of 
17,520 bp and a single-copy (LSC) region of 83,894 bp. The 
chloroplast genome included 130 genes, including 86 pro-
tein-coding genes, eight ribosome RNA (rRNA), and 36 trans-
fer RNA (tRNA) genes. Nineteen of the protein-coding genes 
have one intron and four have two introns. The ML tree 
showed that the phylogenetic relationship of S. franchetiana 
was closest to Scutellaria tsinyunensis and Scutellaria microvio-
lacea (Figure 3). The chloroplast genome sequence of S. fran-
chetiana is a valuable resource for studying the phylogenetic 
evolution of the genus Scutellaria.

Discussion and conclusion

The complete chloroplast genome of S. franchetiana was first 
sequenced and found to exhibit a total length of 152,050 bp. 
The genome size and gene content of S. franchetiana is not 
significantly different from those of most chloroplast 
genomes or plastomes in the genus Scutellaria (Chen 2019; 
Shan et al. 2021). At present, there is little research on the 
phylogeny of Scutellaria, mainly because there are few chlor-
oplasts (25 complete chloroplast genomes) and mitochondrial 
genomes (only S. tsinyunensis) published. The close relation-
ship between S. franchetiana and S. tsinyunensis can provide 
reference for studying the phylogenetic relationship of the 
whole genus. Therefore, a more complete Scutellaria species 
chloroplast sequence is necessary for further research on 
phylogenetic relationships in Scutellaria genus. The explor-
ation of molecular markers targeting the highly variable 
regions of plastid genome, such as ycf1, should be helpful to 
investigate systematic evolution of Scutellaria genus. The 
unveiling of the chloroplast genome sequence of S. francheti-
ana will provide meaningful information for analyzing the 
genetic diversity and phylogenetic relationships in Scutellaria 
species.
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Figure 3. The complete chloroplast genomes of S. franchetiana and 24 other Scutellaria species were used to infer phylogenetic trees by maximum likelihood 
method. Holmskiodia Sanguine and Tinnea Aetiopica were selected as outgroups. With 1000 times as the bootstrap value, numbers above the branch represent the 
bootstrap value.
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