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ABSTRACT 
Plants in the genus Amorphophallus, many of which possess high konjac glucomannan content, are 
considered important cash crops in many Asian countries. Wild relatives of cultivated Amorphophallus 
species are valuable resources for the genetic improvement of these crops. To aid in future genetic 
research of wild germplasm resources of Amorphophallus, a single individual of Amorphophallus krausei 
Engler, Pflanzenr 1911 was collected from southwestern China, and its chloroplast genome was 
sequenced using next-generation sequencing technologies. The assembled chloroplast genome was 
172,418 bp in length with a GC content of 35.23% (GenBank accession no. OR416863). A typical quadri-
partite structure was found in the genome, which was comprised of one large single-copy (LSC), one 
small single-copy (SSC), and two inverted repeats (IRs), with lengths of 91,983 bp, 15,591 bp, 32,422 bp, 
and 32,422 bp, respectively. A total of 132 genes were annotated in the genome, including 86 protein- 
coding genes, 38 tRNAs, and 8 rRNAs. A maximum likelihood (ML) tree of A. krausei and 17 other spe-
cies in the family Araceae suggested that all Amorphophallus species formed a single monophyletic 
clade. A close relationship among A. konjac, A. albus, and A. krausei was also revealed by the phylogen-
etic tree. The newly sequenced chloroplast genome of A. krausei will support future genetic studies, 
particularly the assessment of genetic diversity, resource conservation, and phylogeographic research.
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Introduction

The genus Amorphophallus is a group of about 200 perennial 
plants that are mainly distributed throughout West Africa, 
subtropical regions of Asia, and islands in the Pacific Ocean 
(Li et al. 2010). Several Amorphophallus species, possessing 
high konjac glucomannan content in their corms, have been 
cultivated as food and cash crops in Asian countries such as 
China, Japan, and India (Gao et al. 2017). Amorphophallus 
krausei Engler, Pflanzenr 1911 typically lives in shaded forest 
margins in Southeast and East Asia, including southwestern 
China, Myanmar, Laos, and northern Vietnam (Li et al. 2010). 
Less adaptable than other Amorphophallus species, A. krausei 
has not been widely planted throughout China, except by 
some ethnic minorities who utilize A. krausei as a food 
resource. However, the wild populations of A. krausei are 
declining due to disturbance from human activities in China. 
Assessing the population genetic diversity and demographic 
dynamics of wild germplasm resources is important for 
the future breeding of Amorphophallus (Srzednicki and 
Borompichaichartkul 2020). Here, we report the first complete 
chloroplast genome assembly of A. krausei, which will sup-
port further phylogeographic and population genetic studies 
of this species.

Figure 1. Morphological characteristics of the flower of Amorphophallus krausei. The 
photo was taken by the author Yong Gao at the greenhouse of Qujing Normal 
University. The Spadix of Amorphophallus krausei is nearly as long as the spathe. The 
appendix is fusiform or fusiform-conic, sometimes slightly laterally compressed.
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Materials and methods

A single individual of A. krausei was collected from 
Xishuangbanna, Yunnan province, China (N 22�0104500, E 
101�1501200) (Figure 1). Approximately 5 g of leaf material was 
stored in a plastic bag with silica gels until DNA extraction. 
Genomic DNA was isolated using a commercial plant DNA isola-
tion kit (Tiangen, Beijing, China). The sample (yinsi_ 
XLSD20190726; Si Yin, July 2019) was deposited in the herbar-
ium of Qujing Normal University (Yong Gao, gaoyong@mail. 
qjnu.edu.cn). Whole genome sequencing of A. krausei was con-
ducted by Novogene (Beijing, China). A genomic sequencing 
library of about 350 bp was constructed using established proto-
cols and then sequenced on the NovaSeq 6000 platform 
(Illumina, California, US), producing 150 bp paired-end (PE) reads.

The chloroplast genome of A. krausei was assembled 
using GetOrganelle v1.7.8.1 with default parameters, except 

k-mers were set to 75, 95, 115, and 127 (Jin et al. 2020). The 
features of the chloroplast genome, such as protein-coding 
genes, tRNAs, and rRNAs, were annotated with the online 
software CPGAVAS2 (http://47.96.249.172:16019/analyzer/ 
home) and GeSeq (https://chlorobox.mpimp-golm.mpg.de/ 
geseq.html) (Tillich et al. 2017; Shi et al. 2019). Annotations 
were manually checked and adjusted when necessary. The 
map of the chloroplast genome was drawn using the 
online tool CPGview (http://www.1kmpg.cn/cpgview/) (Liu 
et al. 2023). The coverage depth was generated using 
Burrow-Wheeler Aligner (BWA) by aligning sequencing 
data onto the chloroplast genome (Li and Durbin 2009). 
The cis-splicing genes and trans-splicing genes were proc-
essed using CPGview (Liu et al. 2023). To analyze the 
phylogenetic position of A. krausei, the chloroplast 
genomes of 17 other species in the Araceae family were 
downloaded from the NCBI GeneBank database. The 

Figure 2. The circular map of the chloroplast genome of Amorphophallus krausei produced by the software CPGVIEW. Genes belonging to different functional 
groups are plotted in the outer circle. The functional classification of the genes is shown at the left bottom. The dark gray in the inner circle indicates the GC con-
tent of the chloroplast genome. The quadripartite structure, which consists of the LSC, the SSC, and two IR regions, is shown. The inner track shows the forward 
and reverse repeats connected with red and green arcs.
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genome sequences of these 18 species were aligned using 
mafft v7.475 (Katoh and Standley 2013). The best nucleo-
tide substitution model was identified using ModelFinder 
(Kalyaanamoorthy et al. 2017). A maximum likelihood (ML) 
tree was constructed using IQTREE v1.6.12 with 1000 boot-
straps, with Spirodela polyrhiza and Montrichardia arbores-
cens treated as outgroups (Nguyen et al. 2015).

Results

A total of 8.42 Gb of raw data was produced by next-gener-
ation sequencing (NGS), and 8.38 Gb of clean data was 
retained after filtering reads with low quality. The reads were 
then used for de novo assembly of the chloroplast genome 
and provided an average coverage depth of 945 �
(Supplementary material, Figure S1). The length of the 
assembled genome of A. krausei was 172,418 bp with an 
average GC content of 35.23%. This genome sequence has 
been deposited into the NCBI GenBank database with the 
accession number OR416863. The A. krausei chloroplast gen-
ome showed a typical quadripartite structure comprised of 
one large single-copy (LSC), one small single-copy (SSC), and 
two inverted repeats (IRs), with lengths of 91,983 bp, 
15,591 bp, 32,422 bp, and 32,422 bp, respectively (Figure 2). A 
total of 132 genes were annotated in the genome, including 
86 protein-coding genes, 38 tRNAs, and 8 rRNAs. Among 
these genes, 15 cis-splicing genes, including rps16, atpF, 
rpoC1, ycf3, clpP, petB, petD, rpl16, and of rpl2 (two copies), 

rpl23 (two copies), ndhB (two copies), and ndhA, were discov-
ered (Supplementary material, Figure S2). The trans-splicing 
gene rps12 had three unique exons (Supplementary material, 
Figure S3). The ML phylogenetic tree of 18 Araceae species 
grouped all Amorphophallus species into a single monophy-
letic clade and suggested a close relationship among A. kon-
jac, A. albus, and A. krausei. This phylogeny also indicated 
that the tribe Thomsonieae is sister to Caladieae (Figure 3).

Discussion and conclusion

Exploration of excellent genetic resources from wild relatives 
of cultivated plants is an effective approach for the 
genetic improvement of cultivars. Species in the genus 
Amorphophallus have newly developed as cash crops and 
have great economic potential (Gao et al. 2017). A total of 
132 genes were found in the chloroplast genome of A. krau-
sei, which was similar to previous reports in A. titanium (NC_ 
056329), and A. coaetaneus (NC_072945) (Abdullah et al. 
2021; Gao et al. 2023). However, the study on chloroplast 
genomes of four Amorphophallus species (A. albus, A. bulbifer, 
A. konjac, and A. muelleri) has reported much fewer gene 
numbers that ranged from 111 to 113 (Liu et al. 2019). 
Although the structure of chloroplast genomes is considered 
conserved, the expansion and contraction of IRs also occur 
commonly in chloroplast genomes and lead to variation in 
the number of genes among different species (Abdullah et al. 
2020a, 2020b; Ahmed et al. 2012). We observed larger IR 

Figure 3. Maximum-likelihood phylogenetic tree of Amorphophallus krausei and 17 related taxa from the family Araceae. Spirodela polyrhiza and Montrichardia 
arborescens are used as outgroups. The scale bar represents the number of substitutions at each locus. Accession numbers: Amorphophallus coaetaneus, NC_072945 
(Gao et al. 2023); Amorphophallus titanium, NC_056329 (Abdullah et al. 2021); Amorphophallus konjac, MK611803 (Hu et al. 2019); Amorphophallus albus, NC_ 
067990 (Shan et al. 2023); Amorphophallus krausei, OR400248 (this study); Caladium lindenii, NC068801 (reference not available); Syngonium angustatum, MN046894 
(Henriquez et al. 2020); Xanthosoma helleborifolium, NC_051873 (reference not available); Alocasia navicularis, MN046882 (Henriquez et al. 2020); Leucocasia gigan-
tea, NC_060475 (reference not available); Steudnera colocasiifolia, NC_051952 (reference not available); Arisaema prazeri, NC_072165 (reference not available); 
Pinellia ternata, ON462056 (Cai et al. 2020); Sauromatum giganteum, NC_050648 (Kim et al. 2020); Typhonium blumei, MT872311 (Low et al. 2021); Pistia stratiotes, 
NC_048522 (Quan and Chen 2020); Spirodela polyrhiza, MN419335 (reference not available); Montrichardia arborescens, MN046889 (Henriquez et al. 2020).
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regions of A. krausei compared to four Amorphophallus spe-
cies in the previous study. Therefore, IR expansion might con-
tribute to the large number of genes found in this study.

In conclusion, we sequenced and annotated the chloro-
plast genome of A. krausei for the first time. The chloroplast 
genomic data reported here will support further studies of 
genetic diversity, resource conservation, evolution, and phylo-
geographic research of Amorphophallus.
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