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ABSTRACT 
Ocimum basilicum var. purpurascens Bentham 1830 (Red Rubin Basil) is an aromatic herb belonging to 
the family Lamiaceae and is known for its medicinal uses. It is commonly used in traditional medicine 
to treat cardiovascular diseases and obesity. It possesses anti-inflammatory, antioxidant, antifungal, and 
anti-spasmodic properties. In our recent study, we assembled the chloroplast genome sequence of 
O. basilicum var. purpurascens using Illumina paired-end sequencing technology. The assembled chloro-
plast genome was 152,407 base pairs (bp), inclusive of a large single-copy (LSC) region accounting for 
83,409 bp and a small single-copy (SSC) region spanning 17,604 bp. Two inverted repeats (IRs) inter-
spersed these regions, each 25,697 bp long. The chloroplast genome harbored 132 genes, comprising 
88 protein-coding genes, 36 transfer RNA (tRNA), and eight rRNA genes. Among these, nine genes 
encompassed a single intron, two presented with two introns, with the remaining devoid of any 
introns. The overall GC content of the chloroplast genome was determined to be 38%. The GC content 
in the LSC, SSC, and IR regions was 35.9%, 31.6%, and 43.1%, respectively. Our phylogenetic explor-
ation of the chloroplast genomes elucidated that O. basilicum var. purpurascens exhibits close genetic 
affinity with O. basilicum var. basilicum and other constituents of the Ocimum genus within the 
Lamiaceae family.
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Introduction

Ocimum basilicum var. purpurascens Bentham 1830, com-
monly known as Red Rubin Basil, has a history of use in trad-
itional medicine for the treatment of cardiovascular diseases, 
obesity, and the management of metabolic disorders (Gerardi 
et al. 2015). This variety exhibits various beneficial properties, 
including anti-inflammatory, antioxidant, antifungal, and anti- 
spasmodic effects (Carocho et al. 2016; Bhatti et al. 2017). 
Notably, it is prized for its rich anthocyanin content, primarily 
found in its leaves. These attributes make it also a valuable 
source of natural food colorants for the food industry 
(Fernandes et al. 2019). Within the O. basilicum species, six 
distinct varieties have been identified, with comprehensive 
investigations into their morphological differences (Rawat 
et al. 2016). In the case of the variety Purpurascens, distinctive 
features include purple or pink-colored bracts, calyces, and 
corolla. The leaves are convex-shaped, and the inflorescence 
is laxly branched. The stem and lamina exhibit a striking pur-
ple hue. Recently, the chloroplast genomes of various 
Ocimum species and varieties or subtypes have been 
sequenced. These include O. americanum (Vineesh et al. 
2023), O. basilicum var. basilicum (Kirankumar et al. 2023), 

O. gratissimum (Balaji et al. 2021), O. kilimandscharicum 
(Renald et al. 2021), O. tenuiflorum subtype Rama (Harini 
et al. 2021), and O. tenuiflorum subtype Krishna (Kavya et al. 
2021). However, the chloroplast genome of O. basilicum var. 
purpurascens remains unexplored. In this study, we 
sequenced the chloroplast genome of this variety, which con-
tributes valuable data for future taxonomic classification and 
DNA barcoding studies within the Ocimum genus.

Materials and methods

Plant material, DNA extraction, and sequencing

Fresh plant material of O. basilicum var. purpurascens was col-
lected from Hanumantha Nagar, Hosur, Hosur District, Tamil 
Nadu, India (Figure 1; GPS coordinates: 12�45018.000N 
77�48053.100E). The herbarium specimen was prepared and 
authenticated by the taxonomist (Dr. Senthilkumar 
Umapathy, Department of Botany, Madras Christian College, 
Tambaram, Tamil Nadu, India; Email: sensonsam85@gmail. 
com). The voucher specimen was deposited in the Herbarium 
of the SRM Institute of Science and Technology (voucher 
number: SRMH000147). Total genomic DNA from the fresh 
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leaves of O. basilicum var. purpurascens was extracted using 
the CTAB method (Doyle and Doyle 1987), with minor modifi-
cations (Balaji and Parani 2022). From the genomic DNA, a 
DNA library (660 bp average insert size) was constructed 
using the Nextera XT Library Prep Kit (cat. no. FC-131-1024), 
according to the manufacturer’s protocol. The library was 
sequenced on the Illumina Novoseq 6000 platform (Illumina, 
San Diego, CA) with a paired-end sequencing length 150 bp.

Chloroplast genome assembly and annotation

The chloroplast genome of O. basilicum var. purpurascens was 
assembled using NovoPlasty software (Dierckxsens et al. 
2017) and the rbcL gene of O. gratissimum (MW348919.1) as 
the seed sequence. The assembled chloroplast genome of O. 
basilicum var. purpurascens was annotated with GeSeq (Tillich 
et al. 2017). The predicted transfer RNAs (tRNAs) were identi-
fied by tRNAscan-SE (Lowe and Chan 2016). In addition, the 
CPGVIEW (www.1kmpg.cn/cpgview/) (Liu et al. 2023) was 
applied to structures to visualize the intron-containing genes. 
SAM file was generated using BWA aligner and converted 
into BAM file by SAMtools (Li and Durbin 2009). The depth of 
coverage was assessed using the Python scripts described by 
Ni et al. (2023).

Phylogenetic analysis

To confirm the phylogenetic position of O. basilicum var. pur-
purascens, the chloroplast genomes of 19 species from 
Lamiaceae were used. Avicennia marina from the family 
Acanthaceae of Lamiales was used as an outgroup. The chloro-
plast genome sequences from 20 species were aligned using 

MAFFT v. 7.4 (Katoh and Standley 2013). A phylogenetic tree 
was constructed using the maximum-likelihood method with 
best fit model of T92 þ G and implemented in MEGA version 
11.0.13 (Tamura et al. 2021). The bootstrap analysis was per-
formed with 1000 replicates.

Results

General features of the chloroplast genome

We used 18,481� quality-filtered data (2.8 GB) and assembled 
the entire chloroplast genome without any gap. After the 
assembly, the average depth of coverage of individual bases 
was 158� (Figure S3). The assembled chloroplast genome of 
O. basilicum var. purpurascens was a typical circular tetrameric 
structure of 152,407 bp in length (Figure 2), consisting of a 
large single-copy (LSC) region (83,409 bp), a small single-copy 
(SSC) region (17,604 bp) and a pair of inverted repeats (IRs) 
(25,697 bp). The percentage of the four bases in the whole 
chloroplast genome of O. basilicum var. purpurascens was 
31.43% A, 31.43% T, 18.83% G, and 18.30% C. The chloroplast 
genome encoded 132 unique genes, including 88 protein- 
coding genes, 36 tRNA genes, and eight rRNA genes. Nine 
protein-coding genes (atpF, ndhA, ndhB, petB, petD, rpl2, 
rpl16, rpoC1, rps16) were single-intron genes, and two genes 
(pafI, clpP1) had two introns (Figures S1 and S2). The chloro-
plast genome had a total GC content of 38%. The GC content 
of the IR region (43.1%) was significantly higher than that of 
the LSC region (35.9%) and SSC region (31.6%). The complete 
chloroplast genome of O. basilicum var. purpurascens with 
supportive annotations was submitted to GenBank under the 
accession number OR478166.1. The raw reads were deposited 

Figure 1. Reference image of O. basilicum var. purpurascens used in this study. (A) Collected samples and habitat and (B) voucher specimen.
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in the GenBank Sequence Read Archive (accession no. 
SRR25760192).

Phylogenetic analysis

Phylogenetic analysis was performed to understand the 
phylogenetic relationship of O. basilicum var. purpurascens 
with other species. The maximum-likelihood tree was con-
structed using MEGA with the best-fit model of T92 þ G 
(T92: Tamura 3 parameter). The phylogenetic analysis showed 
high bootstrap values for most of the nodes in the phylogen-
etic tree (Figure 3). Our analysis clearly showed that O. basili-
cum var. purpurascens was more closely related to O. 
basilicum var. basilicum and other species of Ocimum within 
the Lamiaceae family. The complete chloroplast genome of 
O. basilicum var. purpurascens described in detail in this study 
can be subsequently used for phylogenetic analysis, DNA 

barcoding, and molecular marker studies for the differenti-
ation at the species and variety level.

Discussion

Compared with nuclear and mitochondrial genomes, chloro-
plast genomes are highly conserved and widely used in 
phylogenetic and evolutionary studies. With the development 
of high-throughput sequencing technology, chloroplast gen-
ome sequences play an essential role in phylogenetic 
research (Li et al. 2021). This study’s phylogenetic relationship 
based on the complete chloroplast sequences showed high 
bootstrap support. The phylogenetic tree was in agreement 
with the previous studies (Christina and Annamalai 2014; 
J€urges et al. 2018), which showed that O. basilicum var. pur-
purascens was more closely related to O. basilicum var. basili-
cum, and other Ocimum species level. This study addresses a 
knowledge gap by sequencing the chloroplast genome of 

Figure 2. The complete chloroplast genome map of O. basilicum var. purpurascens. Genes on the inside of the circle are transcribed in a clockwise direction, and 
genes on the outside of the circle are transcribed in a counter-clockwise direction.
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O. basilicum var. purpurascens. This contributes vital data for 
Ocimum genus taxonomy and DNA barcoding. Significantly, it 
enhances the understanding of the phylogenetic relation-
ships within the Lamiaceae family, and helps to develop spe-
cies-specific molecular markers, crucial for authentication of 
the Ocimum species in herbal trade.

Conclusions

In this study, the chloroplast genome sequence of O. basili-
cum var. purpurascens was sequenced, de novo assembled, 
and annotated. In addition, the phylogenetic tree strongly 
supported the phylogenetic position of O. basilicum var. pur-
purascens, showing that O. basilicum var. purpurascens was 
closer to O. basilicum var. basilicum and other Ocimum spe-
cies. Thus, the chloroplast genome of O. basilicum var. pur-
purascens not only enriches the genomic information of 
Ocimum but also lays the foundation for understanding the 
evolution of Lamiaceae species. This study provides valuable 
chloroplast genome resources of the genus Ocimum, which 
will help to develop species-specific markers to authenticate 
O. basilicum herbal drug at the variety level.
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