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Abstract
Arisaema, the third largest genus in the family Araceae, exhibited remarkable morphological diversity and wide biogeographic 
distribution. However, its plastome evolution remains insufficiently explored. In this study, we analysed the complete 
chloroplast genomes of 13 Arisaema taxa spanning nine taxonomic sections, including a newly assembled plastome of A. 
prazeri from southwestern China. The plastomes exhibited a conserved quadripartite structure with no major structural 
rearrangements, though variations such as indels, repeats sequences, and IR expansion/contraction were observed. Sliding 
window and repeat structure analyses identified regions of high nucleotide diversity, particularly in the SSC and IR regions, 
suggesting potential mutation hotspots. Phylogenomic analyses provided enhanced resolution of interspecific relationships, 
notably repositioning A. nepenthoides as a sister lineage to all other sampled taxa. Despite extensive morphological 
diversification, plastome structure remains relatively stable across the genus, indicating the plastome evolution may be 
decoupled from morphological variation. Further exploration of nuclear and mitochondrial genomes is recommended to 
clarify the evolutionary mechanisms underlying Arisaema diversification and adaptation.
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Introduction

The genus Arisaema Mart., is one of the largest and most 
recently diversified lineages within the family Araceae, com-
prising approximately 180–207 species (Flora of China; Kew 
checklist of selected families). Characterized by remarkable 
morphological diversity, Arisaema has a broad biogeo-
graphic distribution, with over 95% of its species occurring 

across temperate Asia, particularly in biodiversity hotspots 
such as India, China, and Japan [18]. The genus also extends 
into tropical regions, including Indochina and Sundaland, 
as well as part of North America and East Africa [20, 35, 
36]. These species inhabit a wide range of ecosystems, from 
tropical and semi-evergreen forests to high-altitude grass-
lands, occurring from sea level up to 3700 m [32]. Like other 
members of the subfamily Aroideae, such as Typhonium, 
Arum, and Amorphophallus; Arisaema exhibits a dormancy 
phase, with only its underground tuber remaining viable dur-
ing seasonal shifts [9, 30].

The infrageneric classification of Arisaema is based pri-
marily on morphological traits, grouping species into 15 sec-
tions, further supported by phylogenetic analyses using four 
plastid regions (3′trnL–trnF, rpl20–5′rps12, psbB–psbH and 
rpoC2–rps2): sect. Anomala, sect. Arisaema, sect. Attenu-
ata, sect. Clavata, sect. Decipientia, sect. Dochafa, sect. 
Flagellarisaema, sect. Franchetiana, sect. Nepenthoidea, 
sect. Odorata, sect. Pistillata, sect. Sinarisaema, sect. Ten-
uipistillata, sect. Tortuosa, and sect. Frimbriata [31, 38]. 
Despite this classification framework, plastome-based 
studies on Arisaema remain limited, with only about 5% 
of species having published plastome data, including A. 
franchetianum, A. ringens, and A. erubescens [6, 21, 47]. 
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This underrepresentation has hindered comprehensive 
assessments of plastome structure, evolution, and mutation 
dynamics within the genus.

In angiosperms, plastomes typically range from 120 to 
180 kb and contain approximately 130 genes, organized 
into a quadripartite structure consisting of large single-copy 
(LSC), small single-copy (SSC), and two inverted repeats 
(IRs) [40]. Although plastome structure is largely conserved, 
structural variations such as inversions [7], translocations 
[26, 45], gene losses [16, 19], IR absences [8, 27], and 
other rearrangements [16] have been documented across 
different angiosperm lineages. In Arisaema, which began 
diversifying approximately 24 million years ago in the late 
Oligocene [37], the extent of plastome structural variation 
remain largely unexplored. To address this knowledge gap, 
we presents a de novo assembly of the plastome of A. praz-
eri, collected from karst outcrops in southwestern China, 
and compare it with twelve previously published Arisaema 
plastomes from different taxonomic sections. By investigat-
ing plastome structural variation and mutational dynamics, 
this study aims to enhance our understanding of plastome 
evolution in Arisaema and its potential links to the genus’s 
evolutionary history.

Material and methods

Taxa sampling

Arisaema prazeri is distributed across karst landscapes in 
tropical southern to southwestern Yunnan, northern Myan-
mar, and Thailand [31]. Due to its small population size 
and ongoing deforestation in the area, only one specimen 
was collected from a karst outcrop located in Pao Zhu Qing 
(Xishuangbanna prefecture, Mengla county, Meng Xing 
town, China; Fig. 1). A voucher specimen has been depos-
ited in the herbarium of Xishuangbanna Tropical Botanical 
Garden (HITBC).

DNA isolation and illumina sequencing

Genomic DNA was extracted from A. prazeri using the 
standard Cetyl Trimethyl Ammonium Bromide (CTAB) pro-
tocol. High-quality DNA was quantified and outsourced to 
the Beijing Genomic Institute (BGI, Shenzhen) for sequenc-
ing. At BGI, a 5G raw data library was prepared, with DNA 
fragments sized between 300 and 350  bp. Sequencing 
was conducted on an Illumina HiSeq X 10 platform (Illu-
mina Inc. USA). Details regarding library preparation and 
sequencing protocols are provided in Low et al. [30].

Plastome assembly and annotation

Sequencing of A. prazeri yielded 5G of 150 bp single-
end reads, generating 60,962,408 reads (approximately 
9,106,476,796 bases). Adapter sequences and short 
fragments were removed using fastQC [3], and reads with 
an average Phred score of ≥ 20 were retained, resulting in 
95.85% high quality reads.

In addition, Sequence Read Archive (SRA) data for A. 
franchetianum, and A. heterophyllum were downloaded 
from the National Center for Biotechnology (NCBI). Raw 
reads for A. prazeri from Thailand and Pinellia ternata were 
obtained from Low et al. [30]. High-quality paired-end reads 
were assembled using GetOrganelle ver.1.7.6.1 [23], with 
SPAdes [4]. Contigs were mapped using Bowtie2 [29]. For 
A. heterophyllum, a 3915 bp fragment was missing from the 
AT-rich region of the assembled plastome; therefore, the 
complete plastome sequence from Genbank was used instead 
(Table 1). The same approach was applied to species lacking 
SRA data, including A. erubescens, A. ringens, A. bockii, 
and A. nepenthoides (Table 1). The assembled plastome 
sequences were annotated using GeSeq on the Chlorobox 
platform [44], and the annotated A. prazeri plastome was 
deposited in NCBI under accession number OP644316.

Phylogenetic analyses

Phylogenetic reconstructions included Elevan species, com-
prising thirteen Arisaema plastomes representing nine of the 
fifteen recognized sections within the genus (Table 1). The 
analyzed taxa included A. erubescens (sect. Sinarisaema), 
A. heterophyllum (sect. Flagellarisaema), A. bockii, A. rin-
gens, A. amurense (sect. Pistillata), A. nepenthoides (sect. 
Nepenthoidea), A. franchetianum (sect. Franchetiana), A. fla-
vum (sect. Frimbiata), A. decipiens (sect. Decipientia), and A 
triphyllum (sect. Pedatisecta). Arisaema prazeri belongs to 
sect. Odorata. To prevent over-weighting of IR regions, the 
IRa region was excluded (Low et al., in prep.).

Plastome sequences were concatenated and aligned using 
MAFFT-7.453 [24]. Phylogenetic relationships were inferred 
using IQtree2 with a Maximum Likelihood (ML) approach 
and 1000 bootstrap replicates [34]. Given that Pinellia is 
the sister genera to Arisaema [37], P. ternata [30] was used 
as the outgroup. The resulting tree topology was visualized 
using FigTree v1.4.3 (http://​tree.​bio.​ed.​ac.​uk/​softw​are/​figtr​
ee/).

Plastome structures analysis

To assess plastome structural variation, we examined the 
contraction and expansion of IR regions and their bounda-
ries with  the single-copy (SC) regions. Gene distribution at 
the junctions of the SSC, LSC, IRa, and IRb regions were 

http://tree.bio.ed.ac.uk/software/figtree/
http://tree.bio.ed.ac.uk/software/figtree/
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Fig. 1   Natural habitat and 
morphology of Arisaema 
prazeri. A. Karst habitat, B. 
Inflorescence, C. Staminate 
flowers with pollen extrusion, 
D. Pistillate flowers collected 
from YinChangShan

analysed using IRplus, an extension of IRscope available 
at https://​irsco​pe.​shiny​apps.​io/​IRplus/ [2, 12]. This tool 
facilitated the identification of size variations and bound-
ary shifts, providing insights into pseudogenization events.

To explore plastome rearrangements and inversions 
across Arisaema species, we used the progressive Mauve 
algorithm [10] within Geneious (https://​www.​genei​ous.​
com). Annotated plastome alignments were used to gener-
ate Locally Collinear Blocks (LCBs), representing homolo-
gous regions conserved across genomes. The default LCB 
weight was set to 3X the minimum match seed size, ensuring 

reliable homology detection. Genome rearrangements and 
LCBs were visualized in the Mauve alignment viewer, and 
mapped onto the ML phylogenetic tree of Arisaema to cor-
relate structural variations with evolutionary relationships.

Sequence divergence analysis

To assess interspecific variation, a schematic representation of 
sequence divergence across twelve Arisaema plastomes was 
generated using mVISTA in Shuffle-LAGAN mode [17], with 
P. ternata as the reference. Gene annotations, including contig 

https://irscope.shinyapps.io/IRplus/
https://www.geneious.com
https://www.geneious.com
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positions and orientations, were provided as generic feature 
format (gff) files to enhance alignment accuracy. The resulting 
“peaks and valleys” plot illustrated sequence conservation and 
divergence across taxa.

Nucleotide polymorphism (Pi) was quantified using 
DnaSP v6.12.03, with a sliding window of 600 bp and a step 
size of 200 bp [39]. This analysis allowed for precise identi-
fication of highly polymorphic plastome regions, facilitating 
comparative sequence diversity assessments.

Repeat sequence characterization

Long repetitive DNA sequences within the plastomes were 
identified using REPuter, which detects forward, reverse, com-
plementary, and palindromic repeats. The thresholds for repeat 
identification was set at a minimym length of 30 bp with a Ham-
ming distance of 3 and a similarity index greater than 90% [28].

Simple sequence repeats (SSRs) were identified using 
the MISA tool (https://​webbl​ast.​ipk-​gater​sleben.​de/​misa/). 
Detection parameters were set for mono-, di-, tri-, tetra-, 
penta-, and hexanucleotide repeats, with thresholds of 10, 5, 
4, 3, 3, and 3 repeat units, respectively [5, 43].

Results

Chloroplast genomes

The fully assembled chloroplast genome of A. prazeri from 
Xishuangbanna spans 167,954 bp. The MAFFT alignment 
of A. prazeri, together with 12 additional Arisaema taxa, and 
P. ternata resulted in 194,151 bases, with 74.4% sequence 
identity among taxa.

All chloroplast genomes exhibited a typical quadripartite 
structure, with sizes ranging from 160,792 bp in A. ringens 
to 175,537 bp in A. bockii. The large single copy (LSC) 
region spans 88,915 bp in A. ringens to 97,874 bp in A. 
bockii, the small single copy (SSC) region ranging from 
21,253 bp in A. ringens to 23,345 bp in A. bockii, and a pair 
of inverted repeat IRA and IRB that vary from 23,728 bp in 
A. nepenthoides to 27,159 bp in A. bockii (Fig. 2, Table 1). 
GC content varied from 33.6% in A. bockii to 36.5% in 
A. ringens. The plastomes encoded between 150 and 155 
unique genes (Table 1; Supplemental Table 1).

Phylogenomic analyses

The ML tree was well-supported (Bootstrap Probability, 
BP = 100%, Fig.  2), ref lecting robust phylogenetic 
relationships. A notable exception was A. franchetianum, 
which formed a sister clade with A. erubescens and A. 
flavum but received moderate support (BP = 93%).

Plastome structure

Gene distribution at inverted repeat (IR) and single-copy 
(SC) junctions varied among Arisaema species. In most spe-
cies, the SSC/IR borders contained the ndhF gene, except 
in A. ringens and A. nepenthoides, where it was adjacent 
to ycf2. The ycf1 gene was consistently positioned across 
species, except in A. ringens, A. decipiens and A. nep-
enthoides. Notably, A. prazeri exhibited an inversion of ndhF 
and ycf1. The LSC/IRB (JLB) junction was typically located 
between rps19 and rpl2, except in A. nepenthoides, where 
it was within rpl2. Additionally, A. decipiens contained a 

Table 1   Summary statistics of plastome feature across 13 Arisaema taxa

Taxa Accession Number Section Plastome size (bp)/ 
GC content (%)

LSC size (bp) IR size SSC size (bp) Number of 
annotated 
genes

A. prazeri- China This study Odorata 167,954/ 35.2 93,086 26,271 22,326 152
A. prazeri- Thailand MT884869 Odorata 170,935/ 34.6 95,078 26,414 23,029 152
A. erubescens MT676834 Sinarisaema 167,607 / 35.3 93,664 26,191 21,561 150
A. heterophyllum MZ424448 Flagellarisaema 170,610 / 34.5 95,485 26,260 22,605 153
A. heterophyllum ON060885 Flagellarisaema 170,554/ 34.5 95,436 26,260 22,598 155
A. bockii MZ380241 Pistillata 175,537/ 33.6 97,874 27,159 23,345 152
A. nepenthoides MW338731 Nepenthoidea 166,390 / 35.4 95,965 23,728 22,584 153
A. franchetianum SRR8655277 Franchetiana 169,480 / 34.9 94,743 26,391 21,955 152
A. flavum MZ568767 Frimbiata 167,582/35.3 96,705 24,329 22,208 150
A. decipiens ON360980 Decipientia 167,792/35.0 93,691 26,182 21,737 152
A. triphyllum SRR18716441 Pedatisecta 171,245/34.4 95,356 26,825 22,219 155
A. ringens MK111107 Pistillata 160,792/ 36.5 88,915 25,312 21,253 153
A. amurense OR789627 Pistillata 171,454/34.4 95,953 26,512 22,477 152

https://webblast.ipk-gatersleben.de/misa/
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duplicated rpl2 gene near the LSC/IRA (JLA) junction. The 
LSC/IRA (JLA) junction was generally located between rpl2 
and trnH, except in A. nepenthoides. While most genes 
remained within their respective SC or IR regions, A. het-
erophyllum displayed an extension of the trnH gene into the 

IRA region by a single base pair (Fig. 2). The plastome of 
A. nepenthoides exhibited distinct characteristics, with both 
SSC/IR borders adjacent to ycf2; while the LSC/IR borders 
were defined by rpl2 and rpl23, respectively (Fig. 2).

JLB JSB JSA JLA

LSCLSC IRb SSC IRa//// //95,953 bp 22,477 bp 26,512 bp 26,512 bp 

LSCLSC IRb SSC IRa//// //97,870 bp 23,345 bp 27,161 bp 27,161 bp 

LSCLSC IRb SSC IRa//// //88,915 bp 21,253 bp 25,312 bp 25,312 bp 

LSCLSC IRb SSC IRa//// //95,352 bp 22,219 bp 26,827 bp 26,827 bp 

LSCLSC IRb SSC IRa//93,625 bp 21,549 bp 26,204 bp 26,193 bp 

LSCLSC IRb SSC IRa//// //93,660 bp 21,561 bp 26,193 bp 26,193 bp 

LSCLSC IRb SSC IRa//// //94,739 bp 21,955 bp 26,393 bp 26,393 bp 

LSCLSC IRb SSC IRa//// //93,691 bp 21,737 bp 26,182 bp 26,182 bp 

LSCLSC IRb SSC IRa//// //95,436 bp 22,598 bp 26,260 bp 26,260 bp 

LSCLSC IRb SSC IRa//// //95,485 bp 22,605 bp 26,260 bp 26,260 bp 

LSCLSC IRb SSC IRa//// //93,086 bp 22,326 bp 26,271 bp 26,271 bp 

LSCLSC IRb SSC IRa//// //95,078 bp 23,029 bp 26,414 bp 26,414 bp 

LSCLSC IRb SSC IRa//93,161 bp 22,584 bp 25,130 bp 25,130 bp 

LSCLSC IRb SSC IRa//// //94,404 bp 23,986 bp 25,598 bp 25,598 bp 
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Fig. 2   Maximum likelihood (ML) phylogenetic tree of 13 Arisaema taxa, mapped with plastome structures
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Alignment via Mauve, using P. ternata as a reference, 
revealed eight syntenic blocks across taxa (Fig. 3). The 
largest locally collinear blocks (LCBs), represented in 
green, were found in the LSC and IRb regions, while cyan 
and dark blue blocks corresponded to sequences in the 
SSC and IR regions. These blocks were homologous across 
taxa, but appeared inverted in A. prazeri. While overlap 
of these three blocks was common across quadripartite 

structures, it was absent in A. triphyllum. Additionally, 
five smaller syntenic blocks, spanning only a few hundred 
base pairs, were present in some taxa.

mVISTA analysis revealed that the LSC region exhibited 
the highest divergence among Arisaema species, followed 
by the SSC region; while IR regions were highly conserved. 
However, A. ringens showed divergence in two untranslated 
regions [UTRs] within the IR regions (Fig. 4, Supplemental 

Fig. 3   Gene rearrangement analysis of 13 Arisaema taxa using Mauve alignment. Colored blocks indicate homologous regions across genomes, 
with each color distinguishing a different locally collinear block (LCB)
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Fig. 1). Conserved non-coding sequences (NCS) displayed 
greater variability than coding regions.

Nucleotide diversity analysis

DnaSP analysis of 191,462 base pairs (153,593 non-gap 
sites) identified 7588 polymorphic sites and 7863 muta-
tions, indicating high genetic diversity (Fig. 5, Supplemen-
tal Table 2). Each of the 13 analyzed sequences was unique, 
resulting in a haplotype diversity (Hd) of 1.000 with mini-
mal variance, highlighting substantial genetic differentiation. 
The overall nucleotide diversity (π) was 0.01059, indicating 
moderate genetic variability, while the average number of 
nucleotide differences (k) between sequences was 1,625.897, 
further emphasizing genetic diversity within the genus.

Mutation rate estimates (Theta, θ) provided additional 
insights. Theta-W (θW), based on segregating sites, was 
0.01592 per site, while Theta from total mutations was 
0.01650 per site. Using a finite sites model, Theta from π 
was 0.01074, aligning closely with observed nucleotide 
diversity. These estimates suggest that mutations signifi-
cantly contribute to genetic variation in Arisaema.

A sliding window analysis revealed regional variation 
in nucleotide diversity across the chloroplast genome. The 
SSC region, particularly positions 134,562—136,886, which 
including trnH-GUG​, trnN-GUU​, and ndhF, exhibited the 
highest diversity (π = 0.06887). Another peak was observed 
in the ycf1 region (positions 157,589 to 159,021) with 
π = 0.03882, suggesting potential adaptive evolution. Unex-
pectedly high diversity was found in the IRa region around 
rrn23 gene (positions 168,137 to 169,834; π = 0.05333), 
a typically conserved region, indicating unique evolution-
ary dynamics. Moderate diversity was detected in the LSC 
region, particularly positions 66,459–67,847 (trnH-GUG​ 
and accD; π = 0.05265). Regions associated with psaC and 
ycf1 in the SSC (positions 145,193–157,588) displayed mod-
erate diversity, suggestive of ongoing mutation and genetic 
drift. Conversely, some regions showed very low nucleo-
tide diversity, suggesting strong conservation. For instance, 
towards the end of the analyzed sequences (positions 
186,721–191,462), the diversity values were minimal, with 
π values as low as 0.00026 (positions 188,745–189,359), 
indicating these regions are functionally important and evo-
lutionarily conserved.

Repeat structure analysis

The REPuter tool identified four classes of long sequences 
repeats—forward, reverse, complementary, and palindromic 
sequences across Arisaema plastome. Forward sequences 
were most frequent in A. amurense, A. bockii, A. decipiens, 
A. erubescens, A. franchetianum, A. heterophyllum (two 
accessions), A. nepenthoides, A. prazeri (two accessions), 

A. ringens and A. triphyllum. Complementary sequences 
were rare across species. A. flavum and A. ringens exhibited 
unique patterns; with more reverse than forward sequences. 
A. ringens contained 48 reverse sequences compared to 
37 forward sequences, while A. flavum had 30 reverse 
sequences versus 26 forward sequences. The distribution of 
palindromic sequences varied, with A. erubescens and A. fla-
vum showing significant numbers (25 and 22, respectively), 
indicating a diverse sequence types within the plastomes 
(Table 2).

The MISA tool identified six classes of simple sequence 
repeats (SSRs), with total counts ranging from 126 in A. 
ringens to 224 copies in A. bockii (Table 3, Supplementary 
Table  3). Mononucleotides were the most abundant, 
comprising 73.02% in A. ringens (92 copies) to 37.5% in A. 
bockii (84 copies), followed by dinucleotides, which ranged 
from 24.11% in A. bockii (54 copies) to 8.73% in A. ringens 
(11 copies). Pentanucleotides and tetranucleotides ranked 
third and fourth in abundance. Pentanucleotides repeats 
varied from 16.17% in A. nepenthoides (25 copies) to 2.38% 
in A. ringens (3 copies); while tetranucleotides ranged from 
13.77% in A. nepenthoides (26 copies) to 6.17% in A. prazeri 
(11 copies). Trinucleotides were the second least frequent, 
comprising 13.89% in A. flavum (20 copies) to 3.97% in A. 
ringens (5 copies). Hexanucleotides were the rarest, with A. 
ringens showing 3.17% (4 copies) and A. bockii only 0.89% 
(2 copies).

Discussion

This study provides a high-resolution phylogenomic frame-
work for Arisaema based on complete plastome sequences 
from 13 taxa (Fig. 2). Compared to prior studies relying 
on four chloroplast markers [38], our analysis offers greater 
confidence in phylogenetic placement, despite a smaller 
sample size. Notably, we observed discrepancies in the 
placement of A. nepenthoides, which our results position 
as a sister group to all other taxa rather than within clade 
IX. Further exploration, through expanded taxon sampling, 
morphological investigation, or additional genomic analyses, 
is needed to resolve its evolutionary placement.

The plastome of Arisaema taxa analyzed in this study 
range from 160,792 in A. ringens to 175,537 bp in A. bockii, 
maintaining the typical quadripartite structure found in angi-
osperm plastomes [41]. While gene content and organiza-
tion remain largely conserved across species, specific struc-
tural variations were detected, such as the gene inversions 
observed in A. prazeri. This suggests that, despite extensive 
speciation since the Miocene epoch, the plastome structure 
of Arisaema has remained relatively stable. However, the 
limited representation of species in this study (11 out of 
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Fig. 4   Alignment visualization of chloroplast genome sequences of 
13 Arisaema taxa. VISTA-based identity plots display sequence con-
servation relative to the reference Pinellia ternata. The vertical scale 
represents sequence identity (50% to 100%). Gray arrows above the 
alignment indicate gene positions and orientations. Colors represent-
ing different genomic regions are shown in the legend at the bottom 
left

◂

approximately 200 recognized taxa) necessitates caution in 
extrapolating these patterns to the entire genus.

Comparative analyses of IR-SC junctions further high-
light plastomic variation within Arisaema. A. nepenthoides 
exhibited contracted IRs (25,130 bp), while A. ringens 
had the smallest LSC (88,915 bp) among sampled taxa.
These variations align with patterns observed in other 
Araceae species, where IR contraction and expansion are 
often influenced by repeat sequences [13, 33]. Similar IR 
dynamics and gene rearrangements have been reported in 
other genera within the family, including Pothos scandens, 
Anchomanes hookeri and Zantedeschia aethiopica [1, 21]. 
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Fig. 5   Genetic variation analysis across different genomic regions of Arisaema taxa using DnaSP

Table 2   Distribution of sequence types (forward, reverse, complementary, and palindromic) in the plastomes of 13 Arisaema taxa 

Type of sequences

Taxa Section Forward Reverse Complemen-
tary

Palindromic

A. prazeri- China This study Odorata 41 32 6 11
A. prazeri- Thailand MT884869 Odorata 41 32 6 11
A. erubescens MT676834 Sinarisaema 30 27 8 25
A. heterophyllum MZ424448 Flagellarisaema 42 27 7 14
A. heterophyllum ON060885 Flagellarisaema 43 25 7 15
A. bockii MZ380241 Pistillata 45 34 1 10
A. nepenthoides MW338731 Nepenthoidea 45 20 6 19
A. franchetianum SRR8655277 Franchetiana 37 34 2 17
A. flavum MZ568767 Frimbiata 26 30 12 22
A. decipiens ON360980 Decipientia 30 28 13 19
A. triphyllum SRR18716441 Pedatisecta 41 24 7 18
A. ringens MK111107 Pistillata 37 48 0 5
A. amurense OR789627 Pistillata 41 30 2 17
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Further comparative analysis onto species from 13 genera 
in the subfamily Aroideae [22], four species from the tribe 
Monsteroideae [21], and the genus Symplocarpus [25] sup-
ports the notion that plastome architecture relatively con-
served across closely related taxa.

Structural conservation within Arisaema plastomes was 
also evident in Mauve alignment results, which revealed 
syntenic blocks across taxa. The inversion of specific 
blocks in A. prazeri suggests possible recombination 
events or selective pressures influencing plastome evolu-
tion [11]. The distinct organization of A. triphyllum hints 
at deviations from the typical plastome structure observed 
in the genus. These findings underscore the balance 
between conservation and variation in plastome evolution, 
where localized genomic changes may contribute to spe-
cies adaptation while maintaining core structural stability.

mVISTA analysis demonstrated that the LSC region 
exhibits the highest sequences divergence among Ari-
saema species, with the IR regions being the most con-
served. This pattern is consistent with observations in 
Symplocarpus [25] and duckweeds (Lemnoideae) [13].

The repeat structures analysis underscores the genomic 
complexity within Arisaema. Forward sequences were 
the most abundant, while palindromic sequences varied 
among taxa, with A. erubescens and A. flavum displaying 
the highest counts. SSR analysis revealed that mononu-
cleotides were the predominant repeat type, with A. bockii 
containing the highest SSR count (224) and A. ringens the 
lowest (126). Notably, A. flavum and A. ringens exhibited 
an unusual abundance of reverse sequences, warranting 
further investigation into their potential evolutionary sig-
nificance. Variability in repeat structures may play a role 
in IR contraction and expansion, contributing to plastome 
evolution [46].

The nucleotide diversity analysis highlighted signifi-
cant genetic variation within Arisaema, with a haplotype 
diversity (Hd) of 1.000 and moderate nucleotide diversity 
(π = 0.01059). Sliding window analysis identified regions of 
elevated diversity, particularly within the SSC (trnH-GUG​, 
trnN-GUU​, and ndhF; π = 0.06887) and ycf1 (π = 0.03882), 
suggesting these loci may be under selective pressures. 
Conversely, highly conserved regions, such as those at the 
genome's terminal ends (π as low as 0.00026), likely rep-
resent functionally essential elements [42]. High-diversity 
regions may serve as valuable phylogenetic markers, while 
conserved sequences offer potential for taxonomic classifi-
cation [14].

Despite the rapid morphological diversification of Ari-
saema, our findings suggest that plastome structure remains 
relatively stable across species. This indicates that plastome 
evolution may be decoupled from morphological changes. 
However, structural variations such as gene inversions, 
repeat elements, and indels provide insights into genetic 
differentiation and potential adaptation [15]. Future studies 
incorporating nuclear and mitochondrial genomes will be 
crucial for understanding the broader evolutionary dynamics 
shaping Arisaema diversification.

Given the limited genomic resources available for Ari-
saema, expanding efforts in transcriptomic and functional 
genomic studies will be essential. Such approaches will help 
link plastome features to adaptive traits, ultimately enhanc-
ing our understanding of the evolutionary and ecological 
dynamics of this diverse genus.
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Table 3   Classification and 
abundance of six simple 
sequence repeats (SSR) types in 
the plastomes of 13 Arisaema 
taxa

Repeat type classes

Taxa Accession Number Section mono- di- tri- tetra- penta- hexa-
A. prazeri- China This study Odorata 97 47 21 23 27 2
A. prazeri- Thailand MT884869 Odorata 79 32 22 10 17 2
A. erubescens MT676834 Sinarisaema 78 18 18 14 9 3
A. heterophyllum MZ424448 Flagellarisaema 92 35 20 26 25 3
A. heterophyllum ON060885 Flagellarisaema 91 34 19 26 25 3
A. bockii MZ380241 Pistillata 84 54 25 27 32 2
A. nepenthoides MW338731 Nepenthoidea 68 33 12 23 27 4
A. franchetianum SRR8655277 Franchetiana 88 31 22 12 11 4
A. flavum MZ568767 Frimbiata 79 20 20 14 8 3
A. decipiens ON360980 Decipientia 83 33 18 15 18 4
A. triphyllum SRR18716441 Pedatisecta 100 32 15 18 15 4
A. ringens MK111107 Pistillata 92 11 5 11 3 4
A. amurense OR789627 Pistillata 95 28 24 21 29 5
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