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The complete chloroplast genomes of Lycopus lucidus and Agastache rugosa,
two herbal species in tribe Mentheae of Lamiaceae family
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ABSTRACT

Lamiaceae is one of the largest families in the kingdom Plantae, including lots of traditional Chinese
herbs. Lycopus lucidus and Agastache rugosa are two Lamiaceae species, which are most frequently
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used in Chinese traditional medicine. In the current study, the complete chloroplast genome sequences

of two species were assembled. Their circular DNA lengths were 152,096 and 151,922 bp respectively.
Both genomes were made up of a large single-copy region, a small single-copy region, and a pair of
inverted repeat regions. Each genome totally encoded 133 genes, containing 88 protein-coding genes,

KEYWORDS

Lycopus lucidus; Agastache
rugosa; chloroplast
genome; phylogeny

37 tRNA genes, and eight rRNA genes. Phylogenetic analysis indicated that both species belong to the

Mentheae tribe of the Lamiaceae family.

Lamiaceae is one of the largest families in the plant kingdom,
with more than 7000 species from over 200 genera (Karaca
et al. 2013). A variety of plants in the Lamiaceae family are
important sources as traditional Chinese medical herbs,
which are used for pain treatment (Uritu et al. 2018), anti-
fungal (Waller et al. 2017), anti-cancer (Mesquita et al. 2019)
and some other diseases. Lycopus lucidus and Agastache
rugosa are two widely used medicinal Lamiaceae plants. In
this study, the chloroplast genomes of both species were
assembled and their phylogenetic relationship within the
Lamiaceae family was analyzed.

Chloroplast genomic sequences are most conserved dur-
ing plants’ evolution and are often used for the evolutionary
analysis. Through the phylogenetic analysis of some chloro-
plast genes from 288 species of Lamiaceae, the family was
divided into 12 large branches (Li et al. 2016). On this basis,
using the next-generation sequencing technology, we
assembled the complete chloroplast genome of Lycopus luci-
dus and Agastache rugosa, and obtained their circular chloro-
plast genome sequences, which were submitted to the NCBI
database (accession numbers: MT980792 and MT980793)

Two plant samples in the current experiment were col-
lected from the herb nursery of Xianyang (108.69E, 34.35N),
Shaanxi, China. The voucher specimens were deposited in
the Herbarium of the Microbiology Institute of Shaanxi,
Microbiology Institute of Shaanxi, China (zw2020001 and
zw2020002). Total genomic DNA was extracted from the
fresh leaves of plants by the CTAB method (Porebski et al.
1997). The DNA library was constructed and the inserted
fragment was about 400 bp. The Illumina Novaseq sequenc-
ing system was used, and paired-end 150bp mode was
selected. After data cleaning, 1.79 and 1.71Gb high-quality

reads data were obtained from two species. These reads
were assembled de novo by software of A5-MiSeq (v
20150522, Coil et al. 2015) and SPAdes (v 3.9.0, Bankevich
et al. 2012). The locations of assembled contig sequences
were determined using MUMmer (v 3.1, Kurtz et al. 2004)
software with Mentha x piperita as the reference (NCBI acces-
sion number: NC_047475.1). The length of two circle chloro-
plast genome sequences were 152,096 (Lycopus lucidus) and
151,922bp (Agastache rugosa) respectively. Both genomes
consisted of a large single-copy region, a small single-copy
region and two inverted repeat regions. The web server

CPGAVAS2 (Shi et al. 2019) was used to annotate the
assembled genomes. Both genomes encoded 133 genes,
including 88 coding genes, 37 tRNA genes and 8
rRNA genes.

To determine the phylogenetic relationship of both spe-
cies in the Lamiaceae family, Total 48 complete sequences
of the chloroplast genome were retrieved from the GenBank
to construct a maximum-likelihood tree. The
GTRGAMMA + F+R3 model was chosen according to BIC and
1000 bootstrap replicates were used. Plantago depressa in the
family of Plantaginaceae was as an out-group. These sequen-
ces were aligned using MAFFT (v 7.407, Katoh and Standley
2013). Then, trimAl (v 1.4.1, Capella-Gutiérrez et al. 2009) was
applied to remove poorly-aligned and divergent regions with
algorithm automated1. The remaining sequences were used
to infer the phylogenetic position using IQtree (v 1.6.12,
Nguyen et al. 2015) under parameters -nt AUTO-m MFP-bb
1000-bnni’. The result showed both Lycopus lucidus and
Agastache rugosa were in the Mentheae clade (Figure 1), and
had a closed relationship with mint.
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Premna microphylla NC 026291 1
Tectona grandis NC 020098 1
Caryopteris mongholica NC 035729 1
Caryopteris incana NC 046409 1
Teucrium mascatense NC 044073 1
Ajuga reptans NC 023102 1
Holmskioldia sanguinea NC 047486 1
Scutellaria lateriflora NC 034693 1
Scutellaria insignis NC 028533 1
Anisomeles indica NC 046781 1
Pogostemon stellatus NC 031434 1
Pogostemon yatabeanus NC 031433 1
Leonurus japonicus NC 038062 1
Lamium album NC 036971 1

Lamium galeobdolon NC 036972 1
Galeopsis tetrahit NC 036968 1
Stachys byzantina NC 029825 1
Stachys sylvatica NC 029824 1
Stachys coccinea NC 029823 1
Stachys chamissonis NC 029822 1
Stenogyne kanehoana NC 029821 1
Haplostachys haplostachya NC 029819 1
Stenogyne bifida NC 029818 1
Stenogyne haliakalae NC 029817 1
Phyllostegia velutina NC 029820 1
Lavandula dentata NC 046835 1
Ocimum basilicum NC 035143 1
Perilla frutescens NC 030756 1
Perilla setoyensis NC 030757 1
Lycopus lucidus MT980792

Prunella vulgaris NC 039654 1
Dracocephalum palmatum NC 031874 1
Agastache rugosa MT980793
Thymus japonicus NC 046822 1
Thymus mongolicus NC 046520 1
Mentha canadensis NC 044082 1
Mentha x piperita NC 047475 1
Mentha spicata NC 037247 1
Rosmarinus officinalis NC 027259 1
Salvia officinalis NC 038165 1

Salvia japonica NC 035233 1
Lavandula angustifolia NC 029370 1
Salvia hispanica NC 046838 1

Salvia chanryoenica NC 040121 1
Salvia miltiorrhiza NC 020431 1
Salvia bulleyana NC 041092 1

Salvia przewalskii NC 041091 1

Mentheae

Plantago depressa NC 041161 1

Figure 1. Phylogenetic analysis of 48 complete chloroplast genomes. Bootstrap support values are marked at the nodes.
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