
Comparative mitogenomes of twelve
Lasiocampidae species: genomic architecture,
evolutionary dynamics, and phylogenomic
implications
Ya-Lin Pu 

Henan University
Yuan-Ke Li 

Henan University
Jie Yang 

Henan University
Kai Gao 

Henan University

Research Article

Keywords: Comparative genomics, Lasiocampidae, lappet moths, Mitogenome, Phylogeny

Posted Date: October 14th, 2026

DOI: https://doi.org/10.21203/rs.3.rs-11091033/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Additional Declarations: No competing interests reported.

Page 1/23

https://doi.org/10.21203/rs.3.rs-11091033/v1
https://doi.org/10.21203/rs.3.rs-11091033/v1
https://doi.org/10.21203/rs.3.rs-11091033/v1
https://creativecommons.org/licenses/by/4.0/


Abstract

Background
Lasiocampidae is a diverse family of Lepidoptera that includes many significant defoliators of forest
trees, yet its phylogenetic relationships remain poorly resolved. In this study, we sequenced and
assembled the complete mitochondrial genomes of 12 lasiocampid species, 11 of which are reported
here for the first time, to perform comparative genomic analyses and reconstruct a comprehensive
phylogenetic framework for the family.

Results
Through next-generation sequencing, the 12 mitogenomes ranged from 15,387 bp to 15,938 bp in length
and exhibited typical circular structures with high AT content. Gene order was conserved across all
species except Arguda vinata, which possessed a unique trnI–trnM–trnQ arrangement. Evolutionary rates
varied among PCGs: nad6 and atp8 evolved fastest, while cox1 was most conserved. All PCGs were
under strong purifying selection (ω << 1). Phylogenetic analyses recovered Lasiocampidae as a
monophyletic group, with Trabala and Crinocraspeda forming the earliest diverging lineage. Among the
highly supported sister-group relationships, Dendrolimus and Pachypasoides formed a clade with
Kunugia.

Conclusions
This study substantially expands the mitogenomic resources for Lasiocampidae and provides a robust
phylogenetic framework for the family. The findings clarify long-standing uncertainties in generic
relationships and offer insights into mitochondrial evolution, including conserved genomic architecture
and variable evolutionary rates among genes. These data will facilitate future systematic and
evolutionary studies of Lasiocampidae.

Background
The family Lasiocampidae Harris, 1841 is a diverse group of moths within the order Lepidoptera,
currently comprising approximately 2,000 described species across 229 genera, with the highest
diversity concentrated in tropical and subtropical regions worldwide [1]. Adults of Lasiocampidae,
commonly known as lappet moths, are characterized by their roof-like resting posture, in which the wavy-
edged hindwings extend beyond the forewings, superficially resembling dead leaves [2]. These moths are
predominantly nocturnal, with mouthparts that are greatly reduced or entirely absent, reflecting their
limited adult feeding activity [3]. In contrast, their larvae, often called hairy caterpillars, are highly
polyphagous and represent significant defoliators of forest trees, with host plants spanning multiple
families, including Pinaceae, Fagaceae, Salicaceae, and Rosaceae [6]. During periodic outbreaks, the
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gregarious feeding of these larvae can cause extensive defoliation, leading to substantial ecological
disturbance within forest ecosystems and considerable economic losses in forestry production [3].
While recent morphological studies have provided detailed insights into the ultrastructure of larval
mouthparts and adult antennal sensilla in several lasiocampids [5, 6], a comprehensive understanding of
their population genetics, evolutionary history, and adaptive mechanisms remains limited. This is largely
due to the scarcity of genomic resources, which are crucial for elucidating phylogenetic relationships
and developing effective management strategies.

The mitochondrial genome (mitogenome) is a double-stranded circular DNA molecule, typically 14–20
kb in insects, characterized by maternal inheritance, rapid evolutionary rates, and conserved gene
arrangement [7, 8]. It comprises two strands with asymmetric nucleotide composition: the J-strand
(major coding strand) and the N-strand (minor coding strand) [9]. The insect mitogenome generally
contains 37 genes: 13 protein-coding genes (PCGs) involved in oxidative phosphorylation, 22 transfer
RNA (tRNA) genes, two ribosomal RNA genes (rrnL and rrnS), and one non-coding A + T-rich region that
regulates replication and transcription [10]. Most tRNAs fold into a typical cloverleaf secondary structure,
except for trnS1, which lacks the DHU arm [11]. The control region exhibits considerable length variation
among species and individuals, contributing significantly to mitogenome size variation [12]. Among the
13 PCGs, start codons are predominantly ATN, with cox1 frequently utilizing the non-standard CGA in
Lepidoptera [13]. The Ka/Ks ratios of PCGs are generally below 1, indicating purifying selection [14].
Owing to their compact size, rapid substitution rates, and conserved gene content, mitogenomes have
been widely used for phylogenetic reconstruction, species delimitation, and population genetics in
insects [15]. In Lepidoptera, mitogenomic data have proven effective in resolving evolutionary
relationships across various taxonomic levels [16]. However, mitogenomic data for Lasiocampidae
remain scarce, and the phylogenetic relationships and evolutionary history within this family are still
largely unresolved.

Mitogenomes have been extensively applied to resolve phylogenetic relationships across Lepidoptera at
multiple taxonomic levels [16]. Mitochondrial PCGs revealed that Hesperioidea nests within
Papilionoidea, challenging traditional morphological classifications [17, 18]. At the family level, a recent
mitogenomic study of Trabala vishnou recovered Lasiocampidae as sister to other bombycoid families,
and phylogenetic trees based on 13 PCGs and two rRNAs further confirmed the monophyly of
Lasiocampidae [19]. At the intraspecific level, mitochondrial markers have consistently demonstrated
that Bombyx mori is more closely related to the Chinese wild silkworm than to the Japanese wild
silkworm, supporting the Chinese origin of domesticated silkworms [20–22]. Similarly, mitochondrial
DNA markers have revealed pronounced genetic differentiation among geographical populations of
Dendrolimus kikuchii, closely associated with habitat fragmentation and limited dispersal ability [23].
Despite these advances, mitogenomic investigations of Lasiocampidae remain disproportionately
scarce given the family's considerable diversity. Most existing studies have focused on a limited number
of economically important species, while the phylogenetic relationships and evolutionary history across
most genera and subfamilies within this group remain largely unexplored [13].
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In this study, we sequenced and assembled the complete mitochondrial genomes of 12 lasiocampid
species, 11 of which are reported here for the first time. We reconstructed the phylogenetic relationships
of Lasiocampidae using these novel mitogenomes and outgroup data from other bombycoid taxa, based
on concatenated sequences of 13 PCGs and two rRNAs. Our aims to: (1) characterize the structural
features, nucleotide composition, codon usage, and evolutionary patterns of these novel mitogenomes;
and (2) elucidate the phylogenetic relationships among the 12 focal species and clarify the intra-familial
taxonomy of Lasiocampidae. This study will provide valuable genomic resources for future research on
the systematics, evolution, and phylogeography of this economically important family.

Materials and Methods

Sample collection and DNA extraction
The samples used in this study were collected from various localities across China between July 2024
and August 2025 (Table 1). Specimens were preserved in 95% ethanol, stored at − 20°C, and deposited
as vouchers in the Biodiversity Museum, Henan University, Kaifeng, China (HENU). Species identification
was initially based on external morphology and subsequently confirmed by genitalia dissection following
standard procedures [3]. Total genomic DNA was extracted from three legs from one side using the
DNeasy Blood & Tissue Kit (Qiagen, Hilden, Germany) following the manufacturer's protocol, with the
remaining tissues retained as vouchers. DNA quality and concentration were assessed via 1% agarose
gel electrophoresis and NanoDrop 2000 spectrophotometry (Thermo Fisher Scientific, Waltham, MA,
USA). The lasiocampid specimens were sent to Beijing Berry Genomics Corporation for paired‑end 150
bp high‑throughput sequencing on the Illumina NovaSeq 6000 platform [24], which generated ≥ 12 GB of
raw data.
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Table 1
Sampling information of the 12 lasiocampid species sequenced in this study

Species Locality Altitude Coordinates Date

Arguda vinata Tianchi Nature Reserve, Yunnan,
China

2,103m 26.06°N,
99.28°E

2024.7.24

Baodera khasiana Gaoligongshan Nature Reserve,
Yunnan, China

2,468m 25.97°N,
98.71°E

2025.8.20

Cerberolebeda styx Gaoligongshan Nature Reserve,
Yunnan, China

2,141m 24.82°N,
98.77°E

2025.8.02

Crinocraspeda torrida Wuliyan Mountain, Sichuan,
China

1,300m 28.19°N,
105.06°E

2024.7.21

Eteinopla signata Qingyun Temple, Fujian China 211m 25.78°N,
118.95°E

2025.6.10

Lebeda nobilis Shiwandashan Nature Reserve,
Guangxi, China

1,000m 21.71°N,
107.49°E

2023.8.25

Metanastria hyrtaca Mopanshan Forest Park,
Yunnan, China

2,276m 23.94°N,
101.96°E

2025.7.23

Micropacha zojka Xishui Nature Reserve, Guizhou,
China

881m 28.50°N,
106.40°E

2025.8.11

Pachypasoides
clarilimbata

Zixishan Nature Reserve,
Yunnan, China

2,309m 24.99°N,
101.40°E

2025.7.25

Pyrosis rotundipennis Gaoligongshan Nature Reserve,
Yunnan, China

2,141m 24.82°N,
98.76°E

2025.8.01

Radhica flavovittata Pingheliang Nature Reserve,
Shaanxi, China

1,526m 33.43°N,
108.44°E

2024.8.30

Takanea excisa Tianchi Nature Reserve, Yunnan,
China

2,103m 26.06°N,
99.28°E

2024.7.24

Mitochondrial genome assembly and annotation
Raw data were quality-filtered using BBTools v38.89 [25] to remove duplicates, trim low-quality bases
from both ends, and correct erroneous base pairs. The complete mitochondrial genome was assembled
using Novoplasty v4.3.1 [26], with the complete mitochondrial genome of Dendrolimus punctatus
(GenBank accession: NC027156) as the seed reference. The assembled circular genome was imported
into Geneious Prime v2026.0 [27] for annotation of protein‑coding genes (PCGs) and ribosomal RNA
genes (rRNAs) by alignment with the reference genome. Start and stop codons of PCGs were manually
verified through ORF prediction and comparison with homologous sequences. Transfer RNA (tRNA)
genes were predicted using MITOS2 [28], and their secondary structures were further confirmed
manually. The non-coding control region was identified based on its location between rrnS and trnI. The
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annotated mitochondrial genome sequences have been submitted to GenBank under the accession
numbers PZ210156–PZ210160, PZ368139–PZ368144, and PZ369173.

Genome characterization and comparative analyses
Circular maps of the 12 sequenced mitochondrial genomes were generated using OGDraw [29]. Base
composition, AT-skew, and GC-skew were calculated using PhyloSuite v2 [30]. Relative synonymous
codon usage (RSCU) for the 13 PCGs was calculated and visualized using the R v4.5.2 script RSCUPlot.R
[31]. Nucleotide diversity (Pi) was estimated using DnaSP6 [32] with a sliding window approach (window
size: 200 bp, step size: 25 bp) to examine variation patterns across PCGs. The ratio of non‑synonymous
(Ka) to synonymous (Ks) substitution rates for PCGs was calculated using KaKs_Calculator 3.0 [33, 34]
to assess evolutionary selection pressures. Genetic distances among species were computed based on
the Kimura 2-parameter (K2P) model using MEGA v11 [35]. tRNA secondary structures were visualized
using the Python script TrnaStructureBeautifier.py [31]. Comparative genomic analyses among the 12
mitogenomes were conducted using BLAST+ v2.17.0 [36], and sequence similarity was visualized using
the BLAST Ring Image Generator (BRIG) [37].

Phylogenetic analyses
The 13 PCGs and two rRNAs were extracted from the mitochondrial genomes of 25 lasiocampid species
using PhyloSuite v2, with four species of the genus Bombyx (B. huttoni, B. lemeepauli, B. mori, and B.
mandarina) selected as outgroups. The PCGs and rRNA genes were aligned using MACSE v2.03 [38] and
MAFFT v7.471 [39], respectively, with ambiguously aligned regions in PCG removed using Gblocks 0.91b
[40] and gap positions in rRNAs trimmed using trimAl [41]. The aligned sequences were concatenated
into a single dataset for subsequent analyses. The best-fit nucleotide substitution model for maximum
likelihood (ML) analysis was selected using ModelFinder v2.2.0 [42], and the ML tree was reconstructed
using IQ-TREE v2.2.0 [43] with 5,000 ultrafast bootstrap replicates. For Bayesian inference (BI), the
optimal partitioning scheme and models were determined using PartitionFinder2 [44], and the BI tree
was reconstructed using MrBayes v3.2.7a [45] with two independent runs of 2,000,000 generations,
sampling every 100 generations, and discarding the first 25% of trees as burn-in. Phylogenetic trees were
visualized and edited using the iTOL v6 [46] and Adobe Illustrator 2024 [47].

Results

Basic structure and nucleotide composition of
mitochondrial genomes
The complete mitochondrial genomes of the 12 lasiocampid species were typical circular
double‑stranded molecules, ranging from 15,387 to 15,938 bp in length. Size variation among genomes
was mainly attributable to length differences in the non‑coding region. All 12 mitochondrial genomes
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contained the standard set of 13 protein‑coding genes (PCGs), 22 transfer RNA genes (tRNAs), and two
ribosomal RNA genes (rRNAs), and one non‑coding control region, with no gene loss (Fig. 1).

Nucleotide composition exhibited a pronounced AT bias, with AT contents exceeding 77.0% in all 12
mitogenomes. Among the sequenced species, Pachypasoides clarilimbata showed the lowest AT content
(77.4%), while Cerberolebeda styx and Takanea excisa exhibited the highest (both 81.3%), with most
genomes ranging from 79.0% to 81.0%. AT‑skew values were positive (0.001–0.042) in all species
except T. excise (− 0.002), whereas GC-skew values were consistently negative across all species,
ranging from − 0.291 to − 0.200 (Fig. 2A; Additional file 1).

Protein‑coding genes and codon usage
The total length of the 13 PCGs ranged from 11,178 to 11,232 bp across the 12 mitogenomes, with AT
contents varying from 75.2 to 79.3% (exceeding 79.0% in C. styx, M. zojka, and T. excisa). AT‑skew values
were negative in all species, ranging from − 0.149 to − 0.122, whereas GC‑skew values were positive
(0.012–0.036) in all except P. rotundipennis (− 0.014) (Fig. 2B; Additional file 1).

Most PCGs utilized ATN (ATA/ATC/ATG/ATT) as start codon, with the following exceptions: cox1
employed CGA in all species; nad4L used TTG in A. vinata and P. rotundipennis; and nad1 used GTG in L.
nobilis. For termination codons, cox1 (except in L. nobilis), cox2, nad4 (except in E. signata and M. zojka),
and nad5 (E. signata and M. zojka) used the incomplete termination codon T; all other PCGs used TAA or
TAG (Additional file 2). The 12 mitogenomes exhibited similar relative synonymous codon usage (RSCU)
patterns, with UUA (Leu1) being the most frequently used codon. Codons ending with A or U were
significantly more prevalent than those ending with G or C, reflecting the strong AT bias observed in the
PCGs (Fig. 3).

Transfer and ribosomal RNA genes
The 22 tRNA genes had a combined length ranging from 1,452 to 1,493 bp in total length across the 12
mitogenomes, with AT contents exceeding 80.0% in all species and reaching 82.3% in C. styx (Fig. 2C;
Additional file 1). Secondary structure prediction revealed that 21 of the 22 tRNAs folded into the
canonical cloverleaf configuration, whereas trnS1 lacked the dihydrouridine (DHU) arm and formed a
simple loop (Additional file 3). The two rRNA genes, rrnL and rrnS, were located between trnL2 and trnV,
and between trnV and the control region, respectively. The rrnL gene ranged from 1,364 to 1,473 bp, while
the rrnS gene ranged from 776 to 783 bp, with both exhibiting AT contents exceeding 82.0% (Fig. 2D;
Additional file 1).

Overlapping sequences and non-coding regions
A total of 16 gene overlaps were identified across the 12 mitogenomes, with three overlaps (atp8‑atp6,
trnW‑trnC, and nad2‑trnW) present in all genomes, and trnI‑trnQ (TTA) found in ten genomes (Additional
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file 4). The non-coding control region was located between rrnS and trnM in all species except A. vinata,
where it was positioned between rrnS and trnI. This region exhibited marked length variation among
species, ranging from 134 bp in A. vinata to 847 bp in C. styx. AT content of the control region exceeded
90.0% in all species except B. khasiana (89.7%) (Additional file 5).

Nucleotide diversity and evolutionary rates
Sliding window analysis of the 13 PCGs across the 12 mitogenomes revealed variable nucleotide
diversity (Pi), with nad6 showing relatively high values (> 0.18), while the remaining genes exhibited Pi
values mainly between 0.12 and 0.16 (Fig. 4). Pairwise genetic distance analysis indicated that atp8 and
nad6 exhibited relatively high K2P distances, whereas cox1 and nad1 showed relatively low genetic
distances, suggesting that the former evolved faster while the latter were more conserved (Fig. 5A). The
Ka/Ks ratios (ω) of all 13 PCGs were far less than 1, indicating strong purifying selection. Among them,
atp8 exhibited a relatively higher ω value, while cox1 showed the lowest (Fig. 5B).

Comparative homology analysis and gene rearrangement
Multiple sequence alignment of the 12 mitogenomes revealed high sequence similarity, with pairwise
identities exceeding 70.0% across almost all comparisons (Fig. 6). Comparative analysis of gene
arrangements among the 12 mitogenomes identified only one distinct rearrangement: the gene order
trnI–trnM–trnQ was observed in A. vinata, whereas the other 11 species shared the trnM–trnI–trnQ
arrangement. This conserved gene order across the majority of species indicates a stable genomic
architecture within Lasiocampidae (Fig. 7).

Phylogenetic analyses
Our phylogenetic analyses recovered Lasiocampidae as a well-supported monophyletic clade (BS = 100,
PP = 1) (Fig. 8). Within the family, Trabala and Crinocraspeda formed a sister group (BS = 99, PP = 1) and
together constituted the earliest diverging lineage. The remaining genera were progressively nested as
follows: Apatelopteryx was recovered as sister to a clade comprising Eteinopla + Euthrix and Micropacha;
this lineage then formed a sister relationship with Gastropacha. Subsequently, the clade of Arguda + 
Takanea grouped with Radhica, and together they formed a sister relationship with the Baodera + 
Cerberolebeda clade. Dendrolimus and Pachypasoides formed a sister pair, and this clade grouped with
Kunugia; this clade together formed a clade with Lebeda (the sister group of Metanastria + Pyrosis) and
Streblote.

Discussion

Mitochondrial genome characteristics
The 12 newly sequenced lasiocampid mitogenomes exhibited the typical circular structure of most
Lepidoptera, ranging from 15,387to 15,938 bp, with size variation primarily reflecting length differences
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in the non-coding control region [48]. Each genome contained the standard set of 37 genes, with gene
order and orientation identical to other lepidopteran mitogenomes, including the trnM–trnI–trnQ
arrangement considered a molecular synapomorphy for Lepidoptera [49–52], likely originating from
tandem duplication and random loss (TDRL) events during early lepidopteran evolution [53]. Three gene
overlaps (atp8–atp6, trnW–trnC, and nad2–trnW) were consistently present across all genomes,
suggesting functional constraints on these regions [54].

The mitogenomes showed a pronounced AT bias (> 77.0%), typical of Lepidoptera, with PCGs exhibiting
lower AT content than the control region, and this difference likely reflects stronger functional
constraints on coding sequences [55]. AT-skew and GC-skew analyses revealed the typical metazoan
pattern (positive AT-skew, negative GC-skew [56], except for T. excisa with a slight negative AT-skew, a
phenomenon also documented in other lepidopteran groups [57]. This strand-specific asymmetry is
commonly attributed to asymmetric mutational pressures during mtDNA replication and transcription,
particularly the differential susceptibility of strands to deamination [58].

TrnS1 lacked DHU arms in all 12 genomes, a conserved feature in lepidopteran mitogenomes that does
not impair tRNA function [59]. Most PCGs used ATN as start codons, with rare codons (GTG, TTG)
observed in some genes that are typically edited to ATN during transcription [60, 61]. The cox1 gene
employed CGA as start codon in all species, a common feature in Lepidoptera [13]. Incomplete stop
codons (single T) frequently occurred in cox1, cox2, nad4, and nad5, and are typically completed via post-
transcriptional polyadenylation to form TAA [62–66]. RSCU analysis revealed a significant preference for
A/T-ending codons, consistent with the AT-rich nature of these mitogenomes and suggesting that
compositional forces, rather than adaptive optimization, predominantly drive mitochondrial codon usage
evolution [67].

Nucleotide diversity and evolutionary rates of PCGs
The sliding window and pairwise genetic distance analyses revealed notable evolutionary heterogeneity
among the 13 PCGs. nad6 exhibited the highest nucleotide diversity, while atp8 and nad6 showed the
largest genetic distances, indicating faster evolutionary rates for these two genes. In contrast, cox1
displayed lower genetic distances and appeared relatively conserved, consistent with previous findings
in Lepidoptera [68].

The Ka/Ks ratios of all 13 PCGs were considerably less than 1, indicating strong purifying selection that
removes deleterious mutations to preserve essential mitochondrial functions [69, 70]. Among the PCGs,
atp8 exhibited the highest Ka/Ks ratio and cox1 the lowest, suggesting that genes with distinct
functional roles in oxidative phosphorylation are subject to differential selective constraints. The
relatively relaxed selection on atp8 and nad6, together with the conserved nature of cox1, is consistent
with patterns observed in other insect mitochondrial genomes [71]. These contrasting evolutionary rates
among mitochondrial genes may have implications for marker selection in phylogenetic and population
genetic studies of Lasiocampidae.

Phylogenetic relationships
Page 9/23



Our ML and BI analyses based on 13 PCGs and two rRNAs recovered Lasiocampidae as a well-
supported monophyletic clade, with most internal nodes receiving strong support (Fig. 8). This robust
phylogenetic framework allowed us to clarify several long-standing uncertainties regarding generic
relationships within the family. Trabala and Crinocraspeda were recovered as sister taxa, together
forming the earliest diverging lineage within Lasiocampidae. This result resolves the previously
ambiguous phylogenetic position of Crinocraspeda and supports the early-diverging status of Trabala
[19]. Previous studies have largely relied on single-gene (e.g., cox1) or limited taxa sampling, which may
have obscured deeper divergence events within the family. The inclusion of Pachypasoides in our
analyses, which was absent in earlier studies, revealed a novel topology in which Dendrolimus and
Pachypasoides formed a well-supported clade with Kunugia. This finding highlights the importance of
comprehensive taxonomic sampling for resolving phylogenetic relationships in Lasiocampidae.

Our analyses also recovered several highly supported sister-group relationships that corroborate
morphological evidence. Arguda and Takanea share broad, short forewings with obtuse-rounded apices
and undulate outer margins, as well as similarities in male genital structures. Baodera and Cerberolebeda
are both oligotypic genera with restricted geographical distributions. Metanastria and Pyrosis exhibit
commonalities in larval chaetotaxy [3]. Eteinopla and Euthrix also formed a strongly supported clade.
These results provide robust molecular support for morphologically based groupings that had previously
lacked rigorous phylogenetic validation. The congruence between molecular phylogeny and
morphological characters in these clades reinforces the utility of integrative approaches for taxonomic
revisions in Lasiocampidae.

Conclusions
In this study, we sequenced and assembled the mitogenomes of 12 lasiocampid species, 11 of which
are reported here for the first time. The mitogenomes exhibit conserved gene arrangement and strong
AT bias, with only one rearrangement detected. Evolutionary rates vary among PCGs: atp8 and nad6
evolve fastest, while cox1 is most conserved. This pattern may inform marker selection for future
studies. Phylogenetic analyses recovered Lasiocampidae as monophyletic and resolved several key
generic relationships. These genomic and phylogenetic data provide a solid foundation for taxonomic
revisions, evolutionary biology, and biogeography of Lasiocampidae.
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Figure 1

Circular maps of the mitochondrial genomes of twelve Lasiocampidae species. Genes outside and
inside the outer circle are transcribed clockwise and counterclockwise, respectively. Colors denote
functional gene groups; dark gray in the inner circle indicates GC content.
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Figure 2

AT-skew vs. A+T content for the 12 lasiocampid mitogenomes. A Whole genome, B PCGs, C tRNAs, and
D rRNAs.

Figure 3

Relative synonymous codon usage (RSCU) of the 13 protein-coding genes in the 12 lasiocampid
mitogenomes.
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Figure 4

Sliding window analysis of 13 protein-coding genes of 12 lasiocampid mitogenomes. The red curve
shows the values of nucleotide diversity (Pi).

Figure 5
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A Genetic distance (Kimura 2-parameter model) for each protein-coding gene among the 12 lasiocampid
species; B Ka/Ks ratios (ω) for each protein-coding gene. Values below 1 indicate purifying selection.

Figure 6

Comparative genomic analysis of the 12 lasiocampid mitogenomes using BLAST with Arguda vinata as
the reference. The outermost circle shows protein-coding genes (black). Each subsequent circle
represents one species, with colors indicating sequence similarity to the reference genome.
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Figure 7

Comparison of mitochondrial gene arrangements among the 12 lasiocampid species. Colored blocks
represent different genes, with arrows indicating transcription direction. All species share a conserved
gene order, except Arguda vinata, which shows a rearrangement of the trnI–trnM–trnQ region.
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Figure 8

Phylogenetic tree of Lasiocampidae reconstructed from 13 PCGs and two rRNAs. Numerals at nodes
indicate ML bootstrap values (BS) and Bayesian posterior probabilities (PP), respectively (BS/PP).
Different colors represent distinct generic clades.
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