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1753 (Myrtoideae), a traditional folk medicinal plant
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ABSTRACT 
Baeckea frutescens Linaeus 1753, as a traditional folk medicine in South East Asia, possesses sesquiter-
penes, phloroglucinols, chromones, and essential oil, and is utilized for traditional Chinese medicinal 
purposes. The genetic diversity of the plant must be better understood, considering its significance. 
The complete chloroplast (cp) genome of B. frutescens was sequenced and assembled by using 
Illumina paired-end data, marking a significant advancement toward comprehending its genetic com-
position. The complete cp genome is 158,939 bp in length and contains 128 genes, consisting of 83 
protein-coding genes, 8 ribosomal RNA genes, and 37 transfer RNA genes. Phylogenetic analyses indi-
cated that B. frutescens and other the 13 were clustered to the family of Myrtaceae. These findings are 
crucial for the conservation and utilization of this important plant species. Additionally, they underscore 
the potential for future research on the evolution and preservation of B. frutescens, which could be 
advantageous in pharmaceutical applications.
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Introduction

Baeckea frutescens Linaeus 1753, is a small aromatic low- 
growing tree found in mountainous regions, belonging to 
the Myrtaceae family. It is widely distributed in Peninsular 
Malaysia, Sumatra, Southern China, and Australia (Ahmad 
et al. 2012). As a traditional folk medicine in South East Asia, 
its leaves (Figure 1) contain sesquiterpenes, phloroglucinols, 
chromones, and essential oil, and are often used to treat 
rheumatism, snake bites, dermatitis, and the common cold 
(Hou et al. 2017). Additionally, cyclopentenones and phloro-
glucinols in the leaves were reported to have cytotoxic 
effects against human pancreatic, lung, and breast cancer cell 
lines (Fujimoto et al. 1996; Nisa et al. 2016). Despite its high 
medicinal value, there have been no studies on the complete 
chloroplast genome and phylogenetic analysis of B. frutescens 
up to now. Here, the chloroplast (cp) genome of B. frutescens 
was assembled, and it could facilitate the study of the phylo-
genetic relationships between B. frutescens and other plant 
species.

Materials and methods

Young B. frutescens leaf tissue was collected from Fujian 
Institute of Tropical Crops (Fujian, China, 117�6505200E, 
24�5203000N), and was deposited in Bengbu University (vou-
cher number No.BBU10071300, Chengcheng Ling, lingcheng-
cheng402@163.com). To build an Illumina pair-end library, 

total genomic DNA was extracted using the modified CTAB 
method (Jinlu et al. 2013). We Weigh 1 g of dry plant tissue 
and ground it into a powder with sand using a mortar or a 
pestle. Remove the powder into a 2.0 mL microcentrifuge 
tube. Then, add 0.7 mL CI (chloroform: isoamyl alcohol ¼
24:1, v/v), and mix well for 10 min by inverting the tube gen-
tly. Centrifuge at 10 000 �g for 10 min, carefully remove the 
supernatant to a new 1.5 mL microcentrifuge tube and add 
0.5 mL pre-cooled isopropanol, carefully mix well. Incubate at 
−20 �C for 20 min and centrifuge at 10 000 �g for 10 min, 
discard the supernatant. add 0.5 mL 75% ethanol, re-suspend 
the pellet, centrifuge at 10 000 �g for 2 min, and discard the 
supernatant. Finally, add 0.1 mL TE to dissolve DNA after 
ethanol has evaporated. The resultant library was sequenced 
using HiSeq (Illumina, San Diego, CA, USA) at Beijing 
Genomics Institute (BGI, Shenzhen, China) and yielded 
approximately 16.05 GB of raw data. The raw paired-end data 
was filtered using the FastQC program (Andrews 2014). 
Subsequently, about 15.17 G of high-quality clean reads with 
Q20¼ 98.01% were applied to assemble the cp genome 
using Getorganelle (Jin et al. 2020) and the cp genome anno-
tation was conducted with the online program GeSeq (Tillich 
et al. 2017). The cp genome map was drawn using CPGview 
(http://www.1kmpg.cn/ cpgview). The BWA software was 
used to align Illumina short sequences to the chloroplast 
genome sequence. The coverage depth was then calculated 
using SAMtools software (Lin et al. 2009). The assembled 
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genome sequence of B. frutescens has been deposited in 
GenBank with accession number ON470204.1. To conduct the 
overall sequence alignment of the B. fretescens and five 
Eucalyptus species cp genomes, we employed mVISTA soft-
ware (Frazer et al. 2004), using the annotation of B. fretescens 
as a reference. The sequences were aligned using MAFFT 7 
(Katoh and Standley 2013). The maximum likelihood (ML) 
analysis was performed using RaxML software v 8.2.9, of 
which the bootstrap values were calculated using 1000 repli-
cates (Stamatakis 2006) using Osbeckia stellate and 
Heterocentron elegans as outgroups.

Results

The resulting graph shows that the chloroplast genome 
sequence has a high coverage depth of over 100X, indicating 
reliable data quality (Figure S1). Consequently, the whole 
complete circular cp genome size of B. frutescens is 
158,939 bp with 37.5% GC content (Figure 2). The cp genome 
displays the common quadripartite structure (Figure 2). It 
comprises a large single-copy region (LSC) of 87,716 bp, a 
small single-copy region (SSC) of 18,417 bp, and a pair of 
inverted repeat regions (IRA and IRB) of 26,403 bp (Figure 2). 
A total of 128 genes were predicted in the chloroplast gen-
ome, consisting of 83 protein-coding genes, 37 transfer RNA 
(tRNA) genes, and 8 ribosomal RNA (rRNA) genes (Figure 2). 
Among the 12 protein-coding genes containing introns, nine, 
two, or one are located in the LSC, IRA, or SSC region, 
respectively (Table S1). Ten genes have only one intron. 
Another two genes (clpP and ycf3) have two introns each. 

The ndhA gene possesses the largest intron (1070 bp) (Table 
S1). The ndhF gene displayed the highest level of variation 
(Figure S2A). The highly diverged regions were identified in 
the intergenic spacers within the noncoding genes, while the 
coding regions are highly conserved (Figure S2B). The cis-/ 
trans-splicing and trans-splicing rps12 genes maps in the 
Supplementary Materials Figure S3 and Figure S4. For phylo-
genetic analysis, 25 species published complete chloroplast 
genome of Myrtales were downloaded from the GenBank 
database (https://www.ncbi.nlm.nih.gov/genome/browse#!/ 
organelles). The result indicated that B. frutescens and the 
other 13 were clustered to the family of Myrtaceae (Figure 3).

Discussion and conclusion

Here, the complete cp genome sequence of B. frutescens has 
been assembled, which has a gene content and size that falls 
within the range of other members of the Myrtaceae family 
(Asif et al. 2013; Bayly et al. 2013). The results related to the 
intron structure of the gene indicated that the most of genes 
are located in the LSC, IRA or SSC region. Similar results were 
observed in Eugenia uniflora cp genome (Eguiluz et al. 2017). 
The examination of variation discovered that the intergenic 
spacers within the noncoding genes exhibited high diver-
gence, whereas the coding regions remained highly con-
served, which is consistent with those reported by Eguiluz 
et al. (2010). In the ML phylogenetic analysis, we found that 
B. frutescens and other 13 were clustered to the family of 
Myrtaceae, providing the monophyly of the genus Baeckea 
(Berger et al. 2016). Of all the 13 Myrtoideae species 

Figure 1. Distinctive characteristics of leaves and flowers from B. frutescens. The most characteristic feature of B. frutescens is its small, sessile or leafless leaves, 
which are narrow-linear or linear in shape. The flowers are small, white, with round petals, and the basal part narrows into a short stalk. Photographs by Meng-lei 
Zhang at Fujian Institute of Tropical Crops (Fujian, China, 117�6505200E, 24�5203000N).
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analyzed, Baeckea frutescens is evolutionarily one of the older 
ones. Our phylogenetic investigations using entire cp 
genomes have broadened the taxon sampling and provide 
novel resources of chloroplast genome sequence in the 
genus Baeckea for further comparative and evolutionary 
analysis.

Author contributions

Chengcheng Ling wrote the paper, conceptualized and designed the 
research and Menglei Zhang collected the sample. Menglei Zhang, 
Wenwen Ma, and Mengyu Liu participated in the analysis and 

interpretation of the data. All authors agree to be accountable for all 
aspects of the work.

Ethical approval

B. frutescens is not listed as a threatened or endangered species and is 
widespread in China. The permissions of plant material collection were 
not required. The field and laboratory studies comply with the guidelines 
provided by Bengbu University.

Disclosure statement

No potential conflict of interest was reported by the authors.

Figure 2. Gene map of the complete chloroplast genome of B. frutescens. The species name is shown in the top left corner. The map contains six tracks by default. 
From the center outward, the first track shows dispersed repeats, including direct and palindromic repeats connected by red and green arcs. The second track dis-
plays long tandem repeats as blue bars, while the third displays short tandem repeats or microsatellite sequences as differently colored short bars. These colors cor-
respond to the type and description of each repeat, with black representing complex repeats, green for repeat unit size 1, yellow for size 2, purple for size 3, blue 
for size 4, orange for size 5, and red for size 6. The fourth track displays the SSC, IRa, IRb, and LSC regions. The fifth track shows the GC content along the genome, 
while the sixth track sounds the genes. The gene names are followed by optional information about codon usage bias and color-coded based on their functional 
classification. The inner genes are transcribed clockwise, and the outer genes are transcribed anticlockwise. The functional type of the genes is shown in the bottom 
left corner.
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