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ABSTRACT 
Pandanus amaryllifolius of Pandanaceae, a plant native to Southeast Asia, has been domesticated for its 
health benefits and aromatic leaves. It is also used for phytoremediation and soil rehabilitation. 
However, genetic studies of this species are limited. This study aims to expand its genomic information 
by assembling and characterizing the complete chloroplast genome of P. amaryllifolius. The chloroplast 
genome, which was 157,839 bp long, contains a total of 133 genes, including 87 protein-coding (CDS), 
38 tRNA, and eight rRNA genes. The overall G/C content was 37.7%. A phylogenetic analysis using 79 
shared unique CDS revealed a monophyletic relationship in Pandanales. Based on the limited sampling 
size, Pandanus amaryllifolius was the first to diverge in Pandanaceae. The genomic data will be useful 
for future phylogenetic and evolutionary studies of Pandanaceae.
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Introduction

Pandanus amaryllifolius Roxb. ex Lindl. 1829 of Pandanaceae 
is a tropical plant species found in various tropical peninsular 
countries (Wakte et al. 2012). Approximately 600 species of 
Pandanus are recorded at present (POWO 2024); however, 
only P. amaryllifolius has scented leaves (Bhuyan and 
Sonowal 2021). The plant is easily propagated and cultivated 
as a spice, with medicinal properties such as antiviral, antioxi-
dant, anticancer, hemagglutination, and antimicrobial activ-
ities (Dewanti and Sofian 2017). The scent of the leaf is also 
useful in aromatherapy applications (Pradopo et al. 2017). As 
the plant could mitigate nutrient pollution in phytoremedia-
tion systems (Han et al. 2014), performs biosorption of heavy 
metals, and improves soil microbial homeostasis (Ngadi et al. 
2014; Zhong et al. 2022), farmers in Thailand cultivate P. 
amaryllifolius to reduce metal accumulation and generate 
income (Nakbanpote et al. 2024).

Research on the genetic background of P. amaryllifolius is 
limited, with only one report using DNA fingerprinting tech-
niques (Wakte et al. 2012). A phylogenetic analysis with P. 
amaryllifolius included, using the concatenated chloroplast 
DNA dataset, i.e. matK, trnL-trnF, and trnQ-rps16, revealed an 
unresolved relationship in Pandanus (Buerki et al. 2012). The 
lack of informative sites in the dataset failed to reveal the 

interspecific relationship in Pandanus. As the complete gen-
ome sequence data was proposed to be able to provide a 
better resolution in the phylogenetic relationship of complex 
plant genera when compared to short gene sequences (Lee 
et al. 2022), to provide information on the genetic identity 
and molecular of this species, we sequenced and assembled 
the complete chloroplast genome of P. amaryllifolius.

Materials and methods

Fresh leaves of P. amaryllifolius were obtained from an herb 
collection planted in the TCM herb garden of the Faculty of 
Health and Life Sciences, INTI International University 
(2˚4804100N, 101˚4502900E) (Figure 1). A voucher specimen of 
the sample has been deposited in the Molecular Science Lab 
of INTI International University under the collection number 
LSY006 (https://newinti.edu.my, Dr. Lee Shiou Yih, shiouyih. 
lee@newinti.edu.my).

Total genomic DNA extraction was carried out using the 
FavorPrepTM Plant Genomic DNA Extraction Mini Kit 
(Favorgen, China), according to the manufacturer’s protocol. 
A genomic library was prepared with an insert size of 
approximately 350 bp using the TruSeq DNA Sample Prep Kit 
(Illumina, USA). Next-generation sequencing was carried out 
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on the Illumina Novaseq (Illumina, USA) platform, which 150- 
bp paired-end raw reads were generated. The raw data were 
assembled using NOVOWrap v1.20 (Wu et al. 2021), with the 
rbcL sequence of P. amaryllifolius (GenBank accession num-
ber: MZ422731) selected as the seed sequence. The depth 
coverage analysis was carried out by mapping the raw NGS 
data against the assembled genome sequence using 
Geneious Prime v.2022.0.2 (Kearse et al. 2012). Gene annota-
tion was conducted using GeSeq v2.03 (Tillich et al. 2017) by 
activating the BLAT search and Chlo€e v.1.1.0 functions. No 
genome reference was included. The result was manually 
checked for errors. The annotated chloroplast genome and 
the structure of the genes that are difficult to annotate, 
including the cis-splicing and trans-splicing genes, were 
visualized using CPGView (Liu et al. 2023).

To reveal the phylogenetic placement of P. amaryllifolius, 
based on the availability of genome data in the GenBank 
database, the 79 shared unique CDS sequences extracted 
from the complete chloroplast genome sequence of 10 taxa 
of Pandanales were used for phylogenetic reconstruction. 
Two outgroup taxa were selected, including Dioscorea glabra 
(Diocoreaceae, Dioscoreales; GenBank accession number: 
OL638497; Wonok et al. 2023) and Lilium souliei (Liliaceae, 
Liliales; GenBank accession number: ON409199; Li et al. 
2022). The CDS genes were aligned prior to concatenation. 
Phylogenetic analysis was conducted based on the maximum 
likelihood (ML) and Bayesian inference (BI) methods, using 
the RAxML v8 (Stamatakis 2014) and the MrBayes v3.2 
(Ronquist et al. 2012) pipelines that are available in the 
CIPRES Portal v3.1 (Miller et al. 2010), respectively. For ML, 
the tree was constructed using the general-time reversible 
(GTR) with gamma distribution (þG) (¼GTRþG) nucleotide 
substitution model, coupled with 1000 bootstrap replicates. 
For BI, a total of 2,000,000 generations were used in the 
Markov chain Monte Carlo analysis, and reads were sampled 
at every 100 cycles. The results were visualized using FigTree 
v1.4.4 (Rambaut 2018).

Results

With a minimum read mapping depth of 161� and an aver-
age read mapping depth of 1464.9� (Supplementary 
Figure 1), the chloroplast genome sequence of P. amaryllifo-
lius was 157,839 bp in length (GenBank accession number: 
ON920703). The chloroplast genome comes in a typical 
quadripartite structure that contains two inverted repeats 
(IRs) of 26,951 bp, a large single copy (LSC) region of 
85,746 bp, and a small single-copy (SSC) region of 18,191 bp. 
A total of 133 genes were annotated, including 87 protein- 
coding, 38 tRNA, and eight rRNA genes (Figure 2). Among 
them, 12 CDS were cis-splicing genes, of which one con-
tained two introns and 11 contained one intron 
(Supplementary Figure 2(A)). The gene structure of the trans- 
splicing gene, rps12, was also identified (Supplementary 
Figure 2(B)). The overall GC content of the chloroplast gen-
ome was 37.7%.

Both the ML and BI trees revealed identical topology, so 
only the ML tree was displayed (Figure 3). The phylogenetic 
relationship was well-resolved with bootstrap support (BS) 
and posterior probabilities (PP) greater than 75% and 0.95, 
respectively. In Pandanales, a monophyletic relationship was 
observed among the four selected families; Pandanaceae is 
closely related to Cyclanthaceae. Based on the current sam-
pling, in the Pandanceae clade, P. amaryllifolius was the first 
to diverge, followed by Benstonea copelandii, P. odorifer, and 
P. tectorius.

Discussion

The size of the chloroplast genome of P. amaryllifolius is simi-
lar to that of P. odorifer (GenBank accession number: 
OK648473; Darshetkar et al. 2022), but smaller when com-
pared to P. tectorius (GenBank accession numbers: 
MH748568; Tan et al. 2019). The overall GC content of the 
chloroplast genome of P. amaryllifolius is similar to the 

Figure 1. Pandanus amaryllifolius. (A) whole plant with long, narrow leaves growing in a spiral arrangement; (B) aerial roots emerging from the nodes at the lower 
portion of the stem and extend downwards. Photo taken by S.Y. Lee.
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chloroplast genome of P. odorifer, but greater than that of P. 
tectorius (37.6%) (Tan et al. 2019; Darshetkar et al. 2022).

To date, there are only four complete chloroplast genome 
sequences of Pandanus that are publicly available. The cur-
rent sampling size suggests Pandanus is paraphyletic, contra-
dicting previous findings using short chloroplast gene 
sequence datasets (Callmander et al. 2012; Buerki et al. 2016). 
The complex relationship between Benstonea and Pandanus 
has been explored, with distinct morphology and genetic var-
iations; many of the species of Pandanus were transferred to 
Benstonea (Callmander et al. 2012, 2013, 2016). Despite 
molecular placement of P. amaryllifolius suggesting it might 
be a member of Benstonea, the small sample size used in this 
study may not have allowed for an exact genetic relationship 

(Hillis et al. 2003). As a resolved phylogenetic tree was recon-
structed in this study, it reveals the potential of the complete 
chloroplast genome sequences in resolving the complex rela-
tionship in Pandanus. Therefore, to accurately reveal the 
molecular placement of P. amaryllifolius, it is suggested to 
increase the sampling size to better represent these compli-
cated genera.

Conclusion

The study characterized the complete chloroplast genome of 
P. amaryllifolius and performed phylogenetic analysis to 
determine its molecular position. Despite limited reports on 
the chloroplast genome of Pandanaceae, the findings suggest 

Figure 2. Complete chloroplast genome map of Pandanus amaryllifolius. From the center outward, the first track shows the dispersed repeats, in which the forward 
(F) and palindromic (P) repeats are connected with red and green arcs. The second track shows the long tandem repeats as short blue bars. The third track shows 
the short tandem repeats or microsatellite sequences as short bars with different colors that correspond to their repeat unit size: Black: complex repeat; green: 
repeat unit size ¼ 1; yellow: repeat unit size ¼ 2; purple: repeat unit size ¼ 3; blue: repeat unit size ¼ 4; orange: repeat unit size ¼ 5; red: repeat unit size ¼ 6. The 
small single-copy, inverted repeat, and large single-copy regions are shown on the fourth track. The GC content along the genome is plotted on the fifth track. The 
genes are shown on the sixth track, while the optional codon usage bias is displayed in the parenthesis after the gene name. Genes are color-coded by their func-
tional classification (bottom left corner), while the transcription directions for the inner and outer genes are clockwise and anticlockwise, respectively.
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the potential of the complete chloroplast genome sequences 
in reconstructing a well-resolved phylogenetic tree. 
Nevertheless, the genome data obtained from this study 
could significantly enhance our understanding of the phylo-
genetics and evolutionary patterns within Pandanaceae.
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