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from Yunnan, China and its phylogenetic analysis in the family Araceae
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ABSTRACT 
This work determined and analyzed the complete chloroplast genome sequence of Amorphophallus 
konjac K. Koch ex N.E.Br 1858 from Yunnan, China. The genome size was 167,470 bp, of which contains 
a large single-copy region (LSC 93,443 bp), a small single-copy region (SSC 21,575 bp), and a pair of 
inverted repeat regions (IR 26,226 bp). The chloroplast genome has 131 genes, including 86 protein- 
coding genes, 37 tRNAs, and eight rRNAs. A previous study reported deletion of accD, psbE, and trnG- 
GCC genes in the A. konjac chloroplast genome. Our study supports the conservative structure of A. 
konjac and does not support the gene deletion mentioned above. Phylogenetic analysis indicated that 
A. konjac shares a close relationship with another A. konjac (collected from Guizhou) and A. titanium by 
forming a clade in the genus Amorphophallus. Our results provide some useful information to the evo
lution of the family Araceae.
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Introduction

Amorphophallus konjac K. Koch ex N.E.Br 1858 is a perennial, 
herbaceous monocot that is mainly distributed in Southeast 
Asia and Africa and belongs to the genus Amorphophallus 
(Chua et al. 2010; Hu et al. 2019). A. konjac also is an impor
tant economic crop widely used in health products and bio
materials because of its tuber contains a large amount of 
konjac glucomannan (KGM) (Gao et al. 2022). The high qual
ity and purity of KGM obtained from A. konjac makes this 
species the first most cultivated Amophophallus species in 
China, especially in Yunnan, Guizhou, and Hubei (Sun et al. 
2023). Previously, two chloroplast genomes of A. konjac from 
different regions have been reported (Hu et al. 2019; Liu 
et al. 2019). Moreover, a chloroplast genome of A. konjac 
reported by Liu et al. (2019) found that some genes deletion, 
including deletion of accD, psbE, and trnG-GCC. This phenom
enon may be attributed to errors in either the assembly, or 
the annotations, or both (Henriquez et al. 2021). Yunnan 
province is one of the largest plantation areas of A. konjac in 
China and has many endemic local A. konjac resources. The 
local A. konjac resources of Fuyuan are the most representa
tive local varieties in Yunnan, and also an economically 
important crop for rural revitalization in Yunnan Province. To 
date, the chloroplast genome of local A. konjac resources of 
Fuyuan prefecture is still lacking. To develop and utilize local 
A. konjac resources of Fuyuan prefecture in Yunnan, and to 

compare the chloroplast of A. konjac from different distrib
uted regions, we sequenced the complete chloroplast gen
ome of A. konjac from Yunan, China.

Materials and methods

The corms of Fuyuan local A. konjac resources were culti
vated in Kunming University. Then, the fresh leaves of A. kon
jac were collected from the Konjac Genetic Resources Garden 
of Kunming University, Yunnan Province (Figure 1, 
24.97406�N, 102.79605�E), and a specimen was deposited at 
the Herbarium of Yunnan Urban Agricultural Engineering and 
Technological Research Center (Kunming, China, Website: 
https://www.kmu.edu.cn/zzjg/kyjg.htm, Li-Fang Li, lilf0215@ 
163.com) under the voucher number HMY20230616. Total 
genomic DNA was extracted and sequenced on the Illumina 
HiSeq 2500 platform (Illumina, CA, USA). The quality of the 
short reads was checked with FastQC. De novo assembly was 
conducted using metaSPAdes (Sun et al. 2022). The complete 
chloroplast genome of A. konjac (MK611803) from Guizhou 
was used as a reference. The assembled chloroplast genome 
was annotated by CPGAVAS2 (Shi et al. 2019), whereas the 
tRNA genes were further confirmed by tRNAscan-SE v.2.0 
(Chan et al. 2021). MAFFT v7.419 was employed to align the 
chloroplast genome sequence of three Amorphophallus spe
cies and adjusted manually with BioEdit (Katoh et al. 2013). 
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Then, DnaSP v6 software (Rozas et al. 2017) was used to 
identify high variation regions with a sliding window analysis 
with a window length of 600 bp and a step size of 200 bp. 
Furthermore, the maps of the annotated chloroplast genome 
and cis-splicing/trans-splicing genes of A. konjacwere proc
essed by CPGview (Liu et al. 2023).

The complete chloroplast genomes of 26 Araceae species 
were downloaded from GenBank and aligned using MAFFT 
v7. Then, the maximum likelihood (ML) method was used to 
construct the phylogenetic tree by using IQ-TREE v1.6.12 
(Nguyen et al. 2015) with 1000 bootstrap replicates. The 
Atractylodes chinensis (MT834519) and Iris missouriensis as 
outgroups.

Results

The chloroplast genome of A. konjac was 167,470 bp in 
length, like other reported plant chloroplast genomes, the 
genome has a conserved quadripartite structure, including a 
large single copy (LSC, 93,443 bp), a small single copy (SSC, 
21,575 bp) and a pair of inverted repeats (IRa and IRb, 
26,226 bp) (Table S1, Figure 2). Finally, the obtained chloro
plast genome sequence was constructed with a 4500 cover
age depth (Figure S1) and submitted to the NCBI database 
(Accession number: OR438675). Additionally, the overall GC 
content in complete chloroplast genomes was 35.4%, and 
the GC contents of the LSC, SSC, IRa, and IRb regions were 
35.4%, 29.7%, 41.5%, and 41.5%, respectively (Table S1). The 
genome encodes a total of 131 genes, including 86 protein- 
coding genes, 37 transfer-RNA genes (tRNA), and 8 ribosomal 
RNA genes (rRNA) (Table S1). Among them, six tRNA genes 
(trnA-UGC, trnG-UCC, trnI-GAU, trnK-UUU, trnL-UAA, trnV-UAC) 
and 13 protein-coding genes (petB, petD, atpF, ndhA, ndhB, 

rps12, rps16, rpl16, atpF, rpoC1, rpl2, accD, ycf68) containing 
one intron and two genes (ycf 3, clpP) having two introns, 
whereas all other genes contained one intron (Table S2). 
Moreover, most of the gene species occurred in a single 
copy, while 19 gene species occurred in double copies, 
including all rRNA species, eight tRNA species, and 7 protein- 
coding species (Table S2). Meanwhile, the chloroplast gen
ome contained 16 cis-splicing genes (Figure S2) and one 
trans-splicing gene (Figure S3). In addition, the nucleotide 
variability (Pi) values of A. konjac and the closely related spe
cies A. konjac from Guizhou and A.titanum were analyzed. 
The pi value of nucleotide diversity ranged from 0 to 0.13, 
and a total of seven highly variable sites were found, includ
ing rps16 (0.13), ycf1 (0.068), trnS-GCU (0.055), ycf4-cemA 
(0.053), trnG-UCC (0.043), trnC-GCA-petN (0.422) and psbD 
(0.036) (Figure S4).

To analyze the phylogenetic relationship of Araceae spe
cies, we constructed a phylogenetic tree using whole chloro
plast genome sequences. The maximum likelihood (ML) tree 
showed that species in the genus Amorphophallus were 
grouped into a monophyletic group with high support value, 
and A. konjac is a sister to A. konjac (MK611803) which was 
collected in Guizhou, China. In addition, A. konjac was clus
tered with A. titanum into a subclade with 100% supported 
value and the genus Amorphophallus was sister to the genus 
Colocasia, Caladium and Pinellia (Figure 3).

Discussion and conclusion

In the current study, the chloroplast genome of A. konjac 
was 167,470 bp in length which was similar to the published 
one (A. konjac from Wuhan, SRR7938681, 167, 424 bp) (Table 
S1). On the contrary, the chloroplast genome assembled in 

Figure 1. Species reference image of Amorphophallus konjac. (A) Plant of A. konjac. (B) flower of A. konjac. (C) corm of A. konjac. These photos were taken by 
Penghua Gao and Yu Lei at Kunming city, Yunnan Province, China. It is a perennial herb with dark purple flowers and green palmate compound leaves. The petiole 
has the background color dirty cream-colored, often nearly entirely covered by blackish green spots.
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this study was 1548 bp longer than that of another published 
one (A. konjac MK611803, 161,647 bp) mainly due to the 
expansion of the LSC and IR regions (Table S1). Furthermore, 
the overall GC content (35.63%) and genome quadripartite 
structure were highly similar to those in other Araceae 
chloroplast genomes, including A. konjac and A. titanium (Hu 
et al. 2019; Henriquez et al. 2021). Significantly, a previous 
study reported deletion of accD, psbE and trnG-GCC genes in 
A. konjac from Wuhan (Liu et al. 2019). Henriquez et al. 
(2021) speculate that this phenomenon may be caused by 
either assembly errors, or annotation errors, or both. The 
Organellar Genome Annotator (DOGMA) annotation software 
they use is prone to errors (Henriquez et al. 2021). Our study 
shows similar gene content to previous reports in aroids as 
well as to A. konjac (MK611803.1) and A. titanium 
(MT161481), which supports the conservative structure of 

chloroplast genomes in the Amorphophallus species and does 
not support gene deletion mentioned above. Our phylogeny 
showed that A. konjac was closely related to A. konjac 
(MK611803.1) and A. titanium (MT161481), which is congruent 
with the previous study (Henriquez et al. 2021). Finally, this 
study improve our understanding of the characteristics of the 
chloroplast genome of A. konjac and are valuable for future 
breeding and research efforts.
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palindromic repeats (green). The second and third tracks show the long and short tandem repeats, respectively. The small single-copy (SSC), inverted repeat (IRa 
and IRb), and large single-copy (LSC) regions are shown on the fourth track. The GC content along the genome is plotted in the fifth track. The genes are shown on 
the sixth track.
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