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ABSTRACT 
Southwestern China is a biodiversity hotspot due to its diverse topography and environment. 
Amorphophallus yunnanensis is a species of perennial herb that is mainly distributed throughout south
western China. The genetic diversity and divergence in this species have not been assessed largely due 
to a lack of genomic resources. To help with the phylogeographic study, we sequenced and assembled 
the first complete chloroplast genome sequence of A. yunnanensis. The length of the chloroplast gen
ome was 164,417 bp, with an average GC content of 36% (GenBank accession no. OR400247). The gen
ome possessed a typical quadripartite structure, and the lengths of the large single-copy (LSC), small 
single-copy (SSC), and two inverted repeat (IR) regions were 92,149 bp, 15,182 bp, 28,543bp, and 
28,543bp, respectively. A total of 128 genes were annotated across the genome, including 82 protein- 
coding genes, 8 rRNAs, and 38 tRNAs. The maximum likelihood (ML) phylogeny confirmed the phylo
genetic position of Amorphophallus within Araceae, with the Amorphophallus species forming a single 
monophyletic clade with a high bootstrap value. The ML tree also indicated that A. yunnanensis was 
most closely related to A. coaetaneus. This newly sequenced chloroplast genome assembly will aid in 
future studies of genetic diversity, historical population dynamics, and geographic differentiation pat
terns of A. yunnanensis.
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Introduction

Amorphophallus Bl. (Araceae) is a large genus of perennial 
herbs that includes nearly 200 species (Mayo et al. 1997). 
Species in this genus usually possess a solitary leaf and an 
underground stem. Southwestern China has been regarded 
as a hotspot of biodiversity for its diverse topography and 
ecology (Wang et al. 2013; Wambulwa et al. 2022) and is rich 
in Amorphophallus diversity, with 17 species found in this 
region (Li and Hetterscheid 2010). Amorphophallus yunnanen
sis Engler, Pflanzenr 1911 is naturally distributed across 
southwestern China (Yunnan, Guizhou, and Guangxi provin
ces) and adjacent areas of some Southeast Asian countries (Li 
and Hetterscheid 2010). Populations of A. yunnanensis are 
scattered throughout forest margins, favoring shady, fertile, 
and moist environments such as roadsides, valleys, and 
shaded mountain slopes. This makes A. yunnanensis an ideal 
model for inferring the effect of geographic isolation on gen
etic divergence. Due to uniparental inheritance and low 
mutation rates, chloroplast DNA preserves the historical foot
prints of species evolution and is a valuable genetic resource 
for inferring the drivers of plant phylogeographic patterns 

(Mehmood et al. 2020). Thus, in this study, we report the first 
complete chloroplast genome sequence of A. yunnanensis. 
This chloroplast genome assembly will support further phylo
geographic studies of A. yunnanensis across southwestern 
China.

Materials and methods

A single individual of A. yunnanensis was collected from 
Wangmo County, Guizhou Province, China (E 106�2700800, N 
25�2202500) during a field investigation in 2020 (Figure 1). 
Genomic DNA was extracted from leaf material using a plant 
DNA isolation kit (Tiangen, Beijing, China). The specimen 
(yinsi_GZWMNW20200619, Yin Si, June 2020) was deposited 
into the herbarium of Qujing Normal University (Yong Gao, 
gaoyong@mail.qjnu.edu.cn). The whole genome sequencing 
of A. yunnanensis was conducted by Novogene (Beijing, 
China). Briefly, genomic DNA was randomly fragmented, and 
DNA fragments of approximately 350 bp were selected for 
sequence library construction. The DNA library was then 
sequenced on the Novaseq 6000 platform (Illumina, 
California, USA), producing 150 bp paired-end (PE) reads.
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The sequence data was first filtered by removing low-quality 
reads. The chloroplast genome of A. yunnanensis was 
assembled using Getorganelle v1.7.8.1 (Jin et al. 2020). Default 
assembly parameters were used except k-mer values were set 
to 75, 95, 115, and 127. The genetic features of the chloroplast 
genome were annotated using the online software CPGAVAS2 
(http://47.96.249.172:16019/analyzer/home) and GeSeq (https:// 
chlorobox.mpimp-golm.mpg.de/geseq.html) (Michael et al. 
2017; Shi et al. 2019). The circular genome map of the A. yun
nanensis chloroplast genome as well as cis-splicing genes and 
trans-splicing genes were drawn using CPGview (http://www. 
1kmpg.cn/cpgview/) (Liu et al. 2023). The coverage of reads 
across the genome was assessed using BWA v0.7.17 (Figure S1) 
(Li and Durbin 2009). To infer the phylogenetic status of 
A. yunnanensis, complete chloroplast genome sequences of 
another 18 Araceae species, including six Amorphophallus spe
cies were downloaded from the NCBI GenBank database. The 
chloroplast DNA sequences were aligned using mafft v7.475 
(Katoh & Standley 2013). The best substitution model of DNA 
sequences was detected using ModelFinder, and the maximum 
likelihood (ML) phylogeny was constructed using IQTREE 
v1.6.12 with Spirodela polyrhiza as an outgroup (Nguyen et al. 
2015; Kalyaanamoorthy et al. 2017). A total of 1000 bootstraps 
were performed to assess the significance of the phylogenetic 
partition.

Results

In total, 10.68 Gb of raw sequence data from A. yunnanensis 
were generated, and 10.63 Gb of clean reads were retained 

after filtering. The length of the assembled chloroplast gen
ome was 164,417 bp, with an average GC content of 36%. 
The chloroplast genome assembly was proven of good qual
ity, and the average coverage depth turned out to be 706 
(Figure S1). The genome was deposited into NCBI GenBank 
with the accession number OR400247. We found a typical 
quadripartite structure in this genome, including a large sin
gle-copy (LSC), a small single-copy (SSC), and two inverted 
repeats (IRs) with lengths of 92,149 bp, 15,182 bp, 28,543 bp, 
and 28,543 bp, respectively (Figure 2). A total of 128 genes 
were annotated across the genome, which included 82 pro
tein-coding genes, 8 rRNAs, and 38 tRNAs. Among these 
genes, 16 genes (rps16, atpF, rpoC1, petB, petD, rpl16, rpl2, 
ndhB, ndhA, trnH-GUG, trnK-UUU, trnG-UCC, trnL-UAA, trnV- 
UAC, trnI-GAU, and trnA-UGC) had a single intron, and three 
genes (rps12, ycf3, and clpP) had two introns (Figure S2 and 
S3). Based on the Bayesian information criterion, the 
TVMþ FþR3 model was determined to be the best substitu
tion model. The ML phylogenetic analysis confirmed the 
phylogenetic position of Amorphophallus. The phylogenetic 
tree indicated that the five Amorphophallus species formed a 
single monophyletic clade with a bootstrap value of 100, with 
A. yunnanensis more closely related to A. coaetaneus than the 
other Amorphophallus species (Figure 3).

Discussion and conclusion

In this study, we sequenced and assembled the complete 
chloroplast genome of A. yunnanensis for the first time. This 
chloroplast genome comprised a typical quadripartite 

Figure 1. Morphological characteristics of the leaf, fruit (a), and flower (B) of Amorphophallus yunnanensis. The photos were taken by the author Yong Gao. Spadix 
of this species is much shorter than spathe, and the appendix is usually ovoid, conic, or triangular-ovoid.
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structure, like most other plant species. The ML phylogeny 
reconstructed using 17 Araceae species grouped all 
Amorphophallus species into one clade with a high support 
value. This phylogeny reconstructed using complete chloro
plast genomes, was almost identical to those in previous 
studies that utilized only several chloroplast DNA markers 
(Claudel et al. 2017). However, the support values for each 
branch were much higher, illustrating the advantage of using 
complete chloroplast genomes.

The mountainous region of southwestern China is known 
for its fragmented habitat and diverse environments (Deng 
et al. 2020). However, the mechanisms underlying species 
divergence in this area have not been fully resolved. This 
chloroplast genome assembly will aid in the genetic diversity 
study, population dynamics, and geographic differentiation 

patterns of A. yunnanensis. Furthermore, this study provides 
genomic resources to investigate the process of species 
diversification in southwestern China.
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Figure 2. The circular map of the chloroplast genome of Amorphophallus yunnanensis. Genes belonging to different functional groups are plotted in the outer circle. 
The quadripartite structure, which consists of the LSC, the SSC, and two IR regions, is shown. The dark gray in the inner circle indicates the GC content of the 
chloroplast genome.
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