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ABSTRACT ARTICLE HISTORY
Torenia violacea (Azaola) Pennell 1943 as a traditional Chinese medicine plant, has been used to treat Received 2 May 2023
multiple diseases. In this study, we sequenced, assembled, and characterized the complete plastome of Accepted 18 October 2023
T. violacea. The plastome (0Q167784) exhibited a typical quadripartite structure, with a total length of
154,007 bp, comprising a pair of inverted repeats (IRs; 24,809 bp) separated by a large single-copy (LSC)
region (85,559bp) and a small single-copy (SSC) region (18,830 bp). Through genome annotation, we chloroplast genome; Torenia
identified 133 genes, including 87 protein-coding genes, eight rRNA genes, and 38 tRNA genes. genus; phylogenetic'
Phylogenetic analysis revealed a close relationship between T. violacea and T. fournieri. The research analysis

results provide basic genetic resources for the development of species identification and investigation

of phylogenetic relationships in the Torenia genus.
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Introduction high ornamental value due to its showy purple-red flowers

Torenia violacea (Azaola) Pennell 1943, is an annual herb- (Figure 1). The whole plant was also used as a traditional
aceous plant belonging to the Torenia genus of the Chinese medicinal herb for clearing heat, expelling damp-
Linderniaceae family, and widely distributed in China. It has a ness, relieving coughs, and other pharmacological effects.

Figure 1. Photograph of Torenia violacea (the photograph was taken by prof. Xiaoyan Xiang in Mt. Huangshan, China). The foliage of T. violacea exhibits ovate or
narrowly ovate shapes, characterized by villous, shallowly serrate margin, acuminate apex. The flowers are in terminal fascicles or solitary in leaf axils, rarely in race-
mes. Furthermore, the calyx of T. violacea displays purple-red and the corollas pale yellow or white.

CONTACT Xiaoyan Xiang @ xiaoyanxiang@aqnu.edu.cn @ Key Laboratory of Biodiversity and Ecology Conservation in Southwest Anhui, Anging Normal
University, Anging, Anhui, China; College of Life Sciences, Anging Normal University, Anging, Anhui, China

@ Supplemental data for this article can be accessed online at https://doi.org/10.1080/23802359.2023.2274619.

© 2023 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which permits

unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been published allow
the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.


http://crossmark.crossref.org/dialog/?doi=10.1080/23802359.2023.2274619&domain=pdf&date_stamp=2023-11-27
https://doi.org/10.1080/23802359.2023.2274619
http://creativecommons.org/licenses/by-nc/4.0/
http://www.tandfonline.com

1146 W. ZHU ET AL.

img
Ir,-,Q

’757816\/

trnK.
matkK (0.54)

Okb 4k,

PSbA (0.97)
ok rpl2 (0.54
rpi23 (0.5

rnl

vy, sk

(o2 082

photosystem |
photosystem Il
cytochrome b/f complex
ATP synthesis

NADH dehydrogenase
RubisCO larg subunit
RNA polymerase

small ribosomal protein
large ribosomal protein
clpP, matK, infA
hypothetical reading frame
transfer RNA

ribosomal RNA

other

o]y A

(0.,
0672))]\

(t
(0.5
(=0.1

EDNNO0ORE0OOODEE

’Ds75
nahyy 9.

)
)
)
)

ndh|
ndhG
ndhD (0.65)

psaB (0.54)
psaA (0.4 )

suy
Njud
~-(5'0) yisdi

psbN (0.42)

TPOA (0.69)
"’15311 (0.57
_H[PI36 (0.57
= infA (05"

4
-
,.(

ndhE (0.59
psaC (0.68

Figure 2. Schematic map of overall features of the chloroplast genome of Torenia violacea. The boxes of different sizes and colors on the outermost circle represent
genes and their lengths. The inner and outer boxes of the outermost circle represent genes transcribed clockwise and counter-clockwise. The gray area in the mid-
dle circle represents the changes in GC content at different positions, and the regions and lengths represented by the tetrad structure (LSC, SSC, IRa, and IRb) are

drawn in different colors on the inner circle.

Morphologically, T. violacea is very similar to other species
of the genus Torenia and can only be distinguished by the
detailed characteristics of the flowers (China 2013). Before
flowering, morphology of the leaves is insufficient to distin-
guish these species. Therefore, molecular data are required
for species delimitation. With the rapid development of
high-throughput sequencing technology, the whole chloro-
plast genome sequence has been widely used for phylo-
genetic and species delimitation studies (Li et al. 2022). To
date, there have not been any laboratories using the
whole plastome of T. violacea for research for molecular
biology species identification. Consequently, we employed
next-generation sequencing technology and phylogenetic
analysis in this study to publish the whole chloroplast gen-
ome of T. violacea and enhance the species delimitation in
Torenia.

Materials and methods

Fresh leaves of T. violacea were collected from Tangkou,
Huangshan, Anhui Province, China (30.024°N, 118.188°E) and
dried with silica gel. The voucher specimens were deposited
in the Herbarium of Anging Normal University (voucher num-
ber: ZLP092302; contact person: Xiaoyan Xiang; email:
xiaoyanxiang@agnu.edu.cn). Total DNA was extracted from
dried leaves using the plant genomic DNA kit (Tiangen
Biochemical Technology Co., Ltd., Beijing, China).

The DNA library construction and 150-bp paired-end
sequencing were performed using the Illlumina NovaSeq
6000 platform (Novogene, Tianjin, China), yielding approxi-
mately 2 GB of data. Checking and improving the integrality
and quality of the whole plastome sequences with Torenia
fordii (NCBI accession number: MW309811) as reference
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0Q808826 Torenia violacea
0Q167784 Torenia violacea
NC_072147 Torenia violacea
OP066245 Torenia violacea Linderniaceae
MW346665 Torenia fournieri
MK789685 Torenia benthamiana
MK789686 Torenia concolor
MZ618354 Picria felterrae

NC_039781 Triaenophora shennongjiaensis Orobanchaceae
MG770330 Pedicularis hallaisanensis

NC_036942 Scrophularia dentata
NC_031437 Scrophularia buergeriana
NC_031153 Veronica nakaiana
NC_041161 Plantago depressa
NC_037184 Streptocarpus teitensis I Gesneriaceae
MH559327 Capsicum annuum
MH283714 Solanum melongena

Lamiales

Scrophulariaceae

Plantaginaceae

Outgroup

Figure 3. Phylogenetic relationships of Torenia violacea and other species of Lamiales inferred from ML analyses based on the whole chloroplast genome, with

Solanum macrocarpon and Capsicum annuum as the outgroup. The numbers on
used for tree construction are as follows: T. violacea (0Q808826, N_C_072147, O

each branches indicate the boot support value of the ML analyses. The sequences
P066245), T. fournieri (MW346665), T. concolor (MK789685, Cheng, Li, et al. 2019), T.

benthamiana (MK789686, Cheng, Liu, et al. 2019), Picria felterrae (MZ618354), Pedicularis hallaisanensis (MG770330, Cho et al. 2018), Triaenophora shennongjiaensis

(NC_039781, Xia and Wen 2018), Scrophularia buergeriana (NC_031437, Yi and
et al. 2016), Plantago depressa (NC_041161), Streptocarpus teitensis (NC_037184,
pon (MH283714, Aubriot et al. 2018).

plastome, through reference guided mapping using BWA
(v0.7.17), SAMtools (v1.13), and IGV (2.15.2), obtained a more
accurate plastome genome. The minimum and average read
mapping depths for assembled genomes were x584 and
x4704 (Figure S1), respectively.

The chloroplast genome was assembled using the
GetOrganelle pipeline (Jin et al. 2020) and annotation was
conducted with Plastid Genome Annotator (Qu et al. 2019).
The annotated chloroplast genome sequence of T. violacea
has been deposited in GenBank of the National Center for
Biotechnology Information  (NCBI  accession  number:
0Q167784). The plastome map of T. violacea was drawn
through CPGview (Liu et al. 2023). The phylogenetic relation-
ship of T. violacea was reconstructed using the maximum-
likelihood (ML) method based on the multiple alignment of
Torenia species and seven previously reported chloroplast
genomes of Lamiales, with Capsicum annuum (MH559327)
and Solanum macrocarpon (MH283714) as the outgroup. All
sequences were aligned with MAFFT v.7 (Katoh and Standley
2013) using the default settings. ML analysis was conducted
using RAXML-HPC v.8.2.8 (Stamatakis 2014) with 1000 boot-
strap replicates on the CIPRES Science Gateway (https://www.
phylo.org/), and the (GTR) + G + | model being used in ML
analyses.

Results

The plastome of T. violacea was 154,007 bp and shared the
common quadripartite structure of most angiosperms (Figure
2). The genome comprises two copies of inverted repeat (IR)
(24,809 bp each) separated by a large single-copy (LSC)

Kim 2016), Scrophularia dentata (NC_036942), Veronica nakaiana (NC_031437, Choi
Zhao et al. 2019), C. annuum (MH559327, D'Agostino et al. 2018), and S. macrocar-

region (85,559bp) and a small single-copy (SSC) region
(18,830 bp). A total of 133 genes were identified in the cp
genome of T. violacea, containing 87 protein-coding genes
(PCGs), eight ribosomal RNA genes (rRNAs), and 38 transfer
RNA genes (tRNAs). Of these, 11 genes (rsp16, atpF, rpoCl,
ycf3, clpP, petB, petD, rpl16, rp12, ndhB, and ndhA) are cis-
spliced, and rpsi2 is also a trans-spliced gene (Figure S2). The
results of phylogenetic research based on ML indicate that T.
violacea belonged to the genus Torenia in the Linderniaceae
family. The T. violacea and T. fournieri were sister to each
other (Figure 3).

Discussion and conclusions

In this study, the complete plastome of T. violacea was
sequenced for the first time, exhibiting a total length of
154,007 bp. A total of 133 genes were annotated, comprising
87 PCGs, eight rRNA genes, and 38 tRNA genes. There were
no significant differences in genome size and gene content
between T. violacea and other chloroplast genomes in
Torenia (Cheng, Li, et al. 2019; Cheng, Liu, et al. 2019).
Phylogenetic analysis indicates a sister relationship between
T. violacea and T. fournieri. This suggests a close genetic rela-
tionship between the two Torenia genus plants. In addition,
species from different families cluster into different mono-
phyletic groups with a 100% bootstrap value. This indicates
that chloroplast genomic data can construct robust phylo-
genetic relationships. In conclusion, our research results pro-
vide basic genetic resources for the development of species
identification and the investigation of phylogenetic relation-
ships in the Torenia genus.
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