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ABSTRACT

Amorphophallus paeoniifolius (Dennst.) Nicolson, 1885, often known as elephant foot yam, is a tropical
tuber crop that originates from south-east Asia and belongs to the Araceae family. It is known for its

ARTICLE HISTORY
Received 26 March 2024
Accepted 7 July 2024

high production potential and popularity as a medicinal plant. However, the phylogeny and genes for

this species are still unavailable. In this study, the first complete chloroplast genome of A. paeoniifolius
was reported and phylogenetic analysis was conducted with Araceae species. The chloroplast genome
was 176,258 bp in length with 34.80% overall GC content and includes a large single-copy (LSC) region
(93,951 bp), a small single-copy (SSC) region (15,013 bp), and a pair of inverted repeat (IRs) regions
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(33,647 bp). The chloroplast genome has 130 genes, which include 85 protein-coding genes, 37 tRNA
genes, and eight rRNA genes. A maximum-likelihood (ML) phylogenetic analysis indicated that all
Amorphophallus species formed a single monophyletic clade with a high bootstrap value and A. paeo-
niifolius was closely related to A. konjac, A. albus, A. krausei, and A. titanum. The chloroplast genome
reported in this study will be useful for further taxonomic and evolutionary studies of Amorphophallus.

Introduction

Amorphophallus Bl. is a genus of perennial herb belonging to
the Araceae family, which consists of ~200 species and
occurs in subtropical regions of Asia, West Africa, and islands
in the Pacific Ocean (Li et al. 2010). Some Amorphophallus
species can be important as edible and medicinal species,
among which  Amorphophallus  paeoniifolius  (Dennst.)
Nicolson, 1885 is a tuberous, robust indigenous herbaceous
medicinal plant usually cultivated as a vegetable and readily
available tuber plant (Hama Gharib and Salman 2023).
A. paeoniifolius or elephant foot yam, also commonly called
Suran or lJimikand, is a commercially important vegetable
crop due to its high production potential that is cultivated
commercially in some tropical and subtropical areas, includ-
ing India, China, Malaysia, Sri Lanka, Indonesia, Thailand, the
Philippines, and in tropical regions of Africa (Hama Gharib
and Salman 2023). A. paeoniifolius has high medicinal value
because of its tuber presence of different bioactive mole-
cules, including lupeol, quercetin, gallic acid, B-sitosterol, and
betulinic acid (Nataraj et al. 2012; Dey et al. 2017) and is
used ethnomedicinally for the treatment of gastrointestinal
disturbances such as piles (hemorrhoids), abdominal pain,
and constipation (Dey et al. 2017). Meanwhile, it is also used
for treatment of other ailments like anemia, splenopathy,

elephantiasis, tumors, hemorrhages, cough, bronchitis,
asthma, etc. in traditional practices (Dey et al. 2017). On the
other hand, it has been demonstrated to exhibit antibacterial,
antifungal, cytotoxic, as well as analgesic activities in pharma-
cological experiments (Hama Gharib and Salman 2023; Nayak
et al. 2023).

Current research about Amorphophallus mainly focuses on
pharmacological effects (Hama Gharib and Salman 2023;
Nayak et al. 2023), konjac glucomannan characteristics
(Devaraj et al. 2019), karyotype analysis (Zhao et al. 2021),
and genetic diversity analysis (Gao et al. 2018; Rao et al.
2020; Tang et al. 2020). The genome size of Amorphophallus
is quite large and there is a large variation in the genomic
sequences of Amorphophallus species, which makes the
whole genome sequencing of Amorphophallus quite challeng-
ing (Liu et al. 2019). Up to now, only two species of nuclear
genomes have been reported (Frisse et al. 2022; Gao et al.
2022; Li et al. 2023). In contrast, the chloroplast genomes are
smaller and more conserved, and much easier to achieve in
Amorphophallus species (Liu et al. 2019). The chloroplast gen-
ome sequence is a vital genetic resource for unveiling the
origin and phylogenetic relationships of plant species, par-
ticularly in species identification and classification (Wang
et al. 2023). In recent years, the chloroplast genomes of
some Amorphophallus species have been published, such as
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A. konjac (Li et al. 2024), A. yunnanensis (Yin and Gao 2023a),
and A. krausei (Yin and Gao 2023b). Although A. paeoniifolius
has high medicinal and edible value, there are still few
reports on its evolution and genetic background, and its
chloroplast genome is unknown. Thus, in this study, the com-
plete chloroplast genome of A. paeoniifolius was sequenced
and described, and the phylogeny of family Araceae was con-
structed to explore the interspecific relationships.

Materials and methods

The fresh leaves of Amorphophallus paeoniifolius were
obtained from Konjac Genetic Resources Garden of Kunming
University, Yunnan Province (Figure 1, 24.97406°N,
102.79605°E). The sample was deposited in the Herbarium of
Yunnan Urban Agricultural Engineering and Technological
Research Center, Kunming University (voucher number:
YBMY20230620, Li-Fang Li, lilf0215@163.com). Whole gen-
omic DNA was extracted using the DNeasy Plant Mini kit
(Qiagen, Hilden, Germany) following the manufacturer’s

instruction. Then, the high-quality DNA was used to construct
a 350bp insert-size paired-end sequencing library using the
Nextera XT DNA library preparation kit (lllumina, San Diego,
CA). The constructed library was sequenced using the
lllumina NovaSeq 6000 platform, and the coverage was meas-
ured using samtools depth. The quality control of the
sequencing raw reads was performed using NGS QC Tool Kit
v2.3.3 (Patel and Jain 2012). Then, the high-quality reads
were assembled into the chloroplast genome using SPAdes
3.14.1 (Bankevich et al. 2012). Annotation of the chloroplast
genome of A. paeoniifolius was performed using PGA (Qu
et al. 2019) with A. coaetaneus (0Q404947) as a reference
genome. Finally, a circular map of the complete chloroplast
genome and cis/trans-splicing genes maps in A. paeoniifolius
were drawn by CPGView (Liu et al. 2023). To reveal the
phylogenetic relationship of A. paeoniifolius in Araceae, the
chloroplast genomes of 17 other species in the Araceae fam-
ily, including eight Amorphophallus species and one
Styracaceae species were downloaded from NCBI. A total of
26 Araceae species were used for phylogenetic analysis and

Figure 1. Morphological characteristics of Amorphophallus paeoniifolius: (A) leaf, (B) petiole detail, (C) flower, and (D) spadix exposed. These photos were taken by
the author Lei Yu and Lifang Li at the greenhouse of Kunming University. A. paeoniifolius leaf solitary or paired, the lamina is highly dissected and the leaflets are
oval, obovate, elliptic, and elongate elliptic. The petiole is dark green and covered with pale patches. The surface of the entire petiole is rough and has verrucous
convex. The inflorescence is short pedunculate and sits more or less on the soil surface. The spadix is sessile, shorter or longer than spathe.
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Figure 2. The circular map of the chloroplast genome of Amorphophallus paeoniifolius, generated by CPGview (http://www.1kmpg.cn/cpgview/). From the center
outward, the first track shows the dispersed repeats including direct repeats (red) and palindromic repeats (green). 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. The colors, the type of repeat they
represent, and the description of the repeat types is as follows. Black: complex repeat; green: p1 (repeat unit size = 1); yellow: p2 (repeat unit size = 2); purple: p3
(repeat unit size = 3); blue: p4 (repeat unit size = 4); orange: p5 (repeat unit size = 5); red: p6 (repeat unit size = 6). The quadripartite structure including LSC,
SSC, and a pair of IR regions is shown on the fourth track. The GC content of the genome is represented in the fifth track by dark gray. The base frequency at each
site along the genome will be shown between the fourth and fifth tracks. Genes belonging to different functional groups are encoded by color on the sixth track.
The legends in different colors at the left bottom represent genes with different functions. The transcription directions for the inner and outer genes are clockwise

and anticlockwise, respectively.

Styrax obassia was used as an outgroup. The whole chloro-
plast genomes were then aligned using MAFFT with default
parameter (Katoh and Standley 2013). The best suitable
model was estimated by ModelFinder and the maximum-like-
lihood (ML) tree was constructed using IQTREE v1.6.12
(Nguyen et al. 2015; Kalyaanamoorthy et al. 2017). The boot-
strap support value was calculated from 1000 iterations. Tree
visualization was performed using FigTree v. 1.4.3.

Results

The total length of the chloroplast genome of A. paeoniifolius
was 176,258 bp, with an average coverage of 1252x

(Supplemental Figure 1) and an overall GC content of 34.8%.
The complete chloroplast genome sequence of A. paeoniifo-
lius was submitted to the NCBI GenBank database under the
accession number of OR995732. The assembled genome
exhibited a typical quadripartite structure, consisting of a
large single-copy region (LSC: 93,951 bp), a small single-copy
(SSC: 15,013 bp), and two inverted repeating regions (IRs:
33,647 bp) (Figure 2). In the A. paeoniifolius chloroplast gen-
ome, 130 functional genes were predicted, including 85 pro-
tein-coding genes, eight ribosomal RNA (rRNA) genes, and 37
transfer RNA (tRNA) genes, of which 78 protein-coding genes,
29 tRNA genes, and four rRNA genes are unique, respectively.
Of these genes, seven protein-coding genes (ndhB, rpl23,
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Figure 3. Maximum-likelihood (ML) phylogenetic tree of Amorphophallus paeoniifolius (in red) and 26 other complete chloroplast genome sequences. The best-fit
model according to the Bayesian information criterion (BIC) was GTR + F + R4. Numbers at each node represent the bootstrap values for 1000 replicates. A. paeonii-
folius is marked in red. The following sequences were used: Amorphophallus paeoniifolius OR995732 (this study) Amorphophallus konjac OR438675 (Li et al. 2024),
Amorphophallus konjac MK611803.1 (Hu et al. 2019), Amorphophallus albus OP531918 (Shan et al. 2023), Amorphophallus krausei OR416863 (Yin and Gao 2023b),
Amorphophallus titanum MN046883 (Abdullah et al. 2021), Amorphophallus coaetaneus 0Q404947 (Gao et al. 2023), Amorphophallus yunnanensis OR400247 (Yin and
Gao 2023a), Caladium bicolor ON707031 (Ye et al. 2022), Caladium humboldtii ON707032 (Ye et al. 2022), Syngonium angustatum MNO046894 (Henriquez et al.
2020a), Arisaema franchetianum MNO046885 (Henriquez et al. 2020a), Arisaema bockii MZ380241 (Yi et al. 2021), Pinellia pedatisecta MN046890 (Henriquez et al.
2020a), Pinellia ternata MT193722 (Cai et al. 2020), Typhonium blumei MT872311 (Low et al. 2021), Philodendron hederaccum OM937109 (Nah et al. 2024),
Sauromatum giganteum MN626718 (Kim et al. 2020), Alocasia navicularis MN046882 (Henriquez et al. 2020a), Pistia stratiotes MN885890 (Quan and Chen 2020),
Calla palustris MN046887 (Henriquez et al. 2020a), Montrichardia arborescens MN046889 (Henriquez et al. 2020a), Anubias heterophylla MN046884 (Henriquez et al.
2020a), Monstera adansonii, MN046888 (Henriquez et al. 2020a), Stenospermation multiovulatum MNO046893 (Henriquez et al. 2020b), Anthurium andraeanum
0P938256 (Wan et al. 2023), and Styrax obassia MZ285733 (Song et al. 2020).

rpl2, rps7, rps12, ycfl, and ycf2), seven tRNAs (trnM-CAU, trnV-
GAC, trnl-GAU, trnA-UGC, trnR-ACG, trnN-GUU, and trnL-CAA),
and four rRNAs (rrn16, rrn23, rrn4.5, and rrn5) are duplicated
in the IR regions. Furthermore, in the chloroplast genome of
A. paeoniifolius, nine protein-coding genes (rps16, atpF,
rpoC1, petB, petD, rpl16, rpl2, ndhB, and ndhA) and six tRNAs
(trnK-UUU, trnG-UCC, trnL-UAA, trnV-UAC, trnl-GAU, and trnA-
UGC) contained a single intron, while c/pP and ycf3 each con-
tained two introns. In addition, 13 cis-splicing genes and one
trans-splicing gene (rps12) were discovered (Supplemental
Figures 2 and 3).

The phylogenetic analysis showed that eight
Amorphophallus species formed a single monophyletic clade
with the highest probability (Figure 3). This tree suggested
a close relationship among A. konjac, A. albus, A. krausei, A.
titanum, and A. paeoniifolius. The phylogenetic tree also

indicated that the genera Amorphophallus was shown to be
closely related to Caladium bicolor, Caladium humboldtii,
and Syngonium angustatum.

Discussion and conclusions

In this study, the chloroplast genome of A. paeoniifolius was
sequenced by the NGS methods. The genome exhibited typical
quadripartite structures, including a LSC, a SSC, and a pair of
IRs, like most other angiosperms. The GC content of the whole
genome was 34.8%, which was similar to those of other spe-
cies in Amorphophallus (Abdullah et al. 2021; Yin and Gao
20233, 2023b; Li et al. 2024). There are 130 genes in A. paeonii-
folius chloroplast genome, meanwhile, 128 up to 133 such
genes are reported present in other Amorphophallus plants,
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including 133 for A. coaetaneus (Gao et al. 2023), 128 for A.
yunnanensis (Yin and Gao 2023a), 132 for A. krausei (Yin and
Gao 2023b), 130 for A. titanium (Abdullah et al. 2021), and 131
for A. konjac (Li et al. 2024). The ML tree showed that sampled
species of the genus Amorphophallus formed a monophyletic
group with high support value, which was consistent with pre-
vious studies (Yin and Gao 2023a, 2023b; Li et al. 2024). In
conclusion, our study not only enriches the genomic informa-
tion of A. paeoniifolius, but also lays the foundation for under-
standing the genetic diversity, evolution, and phylogeny within
the genus Amorphophallus.
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