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Simple Summary: Papilionoidea is a superfamily of Lepidoptera encompassing about 19,000 species.
In the present work, we study the evolution of the structure of the mitogenome of these lepidopterans.
The mechanisms generating the eight arrangements known for Papilionoidea were investigated
analysing the movements of different mitochondrial genes. Five newly sequenced/assembled
mitogenomes were included in our analysis involving more than 600 genomes. We provide new
findings that help to understand the evolution of the gene orders MIQGO, IMQGO, 251GO, ES1GO
and SINGO in different butterflies. We demonstrate that the evolution of the 251GO in Lycaenidae
followed a complicated pathway with multiple events of duplication and loss of trnS1 and changes in
anticodon. We describe two new gene orders 2FFGO and 4QGO for Ampittia subvittatus (Hesperiidae)
and Bhutanitis thaidina (Papilionidae).

Abstract: The mitogenome of the species belonging to the Papilionodea (Lepidoptera) is a double
stranded circular molecule containing the 37 genes shared by Metazoa. Eight mitochondrial gene
orders are known in the Papilionoidea. MIQGO is the plesiomorphic gene order for this superfam-
ily, while other mitochondrial arrangements have a very limited distribution. 251GO gene order
is an exception and is present in several Lycaenidae and one species of Hesperiidae. We studied
the macrostructural changes generating the gene orders of butterflies by analysing a large data set
(611 taxa) containing 5 new mitochondrial sequences/assemblies and 87 de novo annotated mi-
togenomes. Our analysis supports a possible origin of the intergenic spacer trnQ-nad2, characterising
MIQGO, from trnM. We showed that the homoplasious gene order IMQGO, shared by butterflies,
species of ants, beetles and aphids, evolved through different transformational pathways. We identify
a complicated evolutionary scenario for 251GO in Lycaenidae, characterised by multiple events of
duplication/loss and change in anticodon of trnS1. We show that the gene orders ESIGO and SINGO
originated through a tandem duplication random loss mechanism. We describe two novel gene
orders. Ampittia subvittatus (Hesperiidae) exhibits the gene order 2FFGO, characterised by two copies
of trnF, one located in the canonical position and a second placed in the opposite strand between
trnR and trnN. Bhutanitis thaidina (Papilionidae) exhibits the gene order 4QGO, characterised by the
quadruplication of trnQ.

Keywords: Papilionoidea; butterflies; mitogenomics; mitochondrial structural evolution; new gene orders

1. Introduction

The mitochondrial genome (hereafter mitogenome) of all species of Lepidoptera
(Insecta) sequenced so far is a double stranded circular molecule spanning 15-18 Kilo-base
pairs [1]. The lepidopteran mitogenome encodes the standard 37 genes of the Insecta and
more generally of bilaterian Metazoa [1]. This set includes 13 protein-encoding genes,
22 tRNAs, 2 ribosomal rRNA (small and large subunits) and a control Region (Figure 1) [1].
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Figure 1. Mitochondrial macro-structural rearrangements. On top, transformational pathway from
the gene order PanGO to the gene order MIQGO. On bottom, mechanisms generating a hypothetical
new gene order. NewGO: hypothetical gene order generated by the rearrangements depicted in
Figure 1. PanGO is linearized starting from cox1. The genes encoded on the plus strand (orientation
from right to left in Figure 1) are black-boxed, while those encoded on the minus strand (orientation
from left to right in Figure 1) are underlined and black-boxed. Nomenclature: atp6 and atp8: ATP
synthase subunits 6 and 8; cob: apocytochrome b; cox1-3: cytochrome c oxidase subunits 1-3; nad1-
6 and nad4 L: NADH dehydrogenase subunits 1-6 and 4 L; rrnS and rrnL: small and large subunit
ribosomal RNA (rRNA) genes; X: transfer RNA (tRNA) genes, where X is the one-letter abbreviation
of the corresponding amino acid, in particular L1 (CTN codon family) L2 (TTR codon family),
51 (AGN codon family) S2 (TCN codon family); CoRe: Control Region. I: inversion: IT: inverse
transposition, T: transposition event. tdrl: tandem duplication random loss mechanism producing the
observed rearrangement. TDRL, Tandem Duplication Random Loss move. Gene/genes, transposed
relative to PanGO, is/are shown with a yellow /blue background. The extra copy of every gene that is
lost in the genomic rearrangement is red-boxed. Genes located immediately upstream/downstream
the rearranged genes, and, possibly, partly involved by the genomic change are grey-boxed. An

orange dot marks an intergenic spacer present in a position associated with a genomic rearrangement.

The disposition of genes, i.e., the gene order, along the mitogenomic sequence is
not fixed (Figure 1). This dynamic behaviour of the mitogenomic structure can generate
multiple gene orders within the same clade (e.g., [1,2]). With respect to a reference gene
order, novel/alternative gene orders are generated through events of transposition, in-
version and inverse-transposition of one or multiple genes (Figure 1). The transposition
of single genes/cluster of adjacent genes can be explained through a tandem duplication
random loss model [3,4]. The inversion of a gene, which implies its repositioning on the
opposite DNA filament, can be modelled through an intramitochondrial recombination
mechanism [5]. The inverse-transposition can be due to a combination of the mechanisms
described above [2].

More complicated structural rearrangements can involve large segments of the mi-
togenome (e.g., [2,6,7]). Papetti et al. [7] reviewed the many models developed for ex-
plaining these rearrangements. However, most of them do not apply to known gene
orders for butterflies (see below). We cite here only the Tandem Duplication Random Loss
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move that allows explaining the simultaneous transposition of multiple non-adjacent genes
(Figure 1) [8-10].

The 37 mitochondrial genes can be arranged in a huge number of gene orders
(i.e., 37! =1.367 x 1043 or 38! if the control region is also included), assuming that
the movement of every gene is equally probable [1,2]. However, this scenario is unrealistic
because the movements occur preferentially along specific pathways and some genes,
especially the tRNAs, are much more mobile than others [1,2,6]. The reduction in the
possible rearrangements increases the probability of convergent evolution in gene orders.
Convergence can be limited to the sharing of local homoplastic gene-dispositions or involve
the full gene order (e.g., [2,6,11]).

When a gene order becomes a molecular landmark defining a clade in a unique
manner, it assumes the role of mitogenomic apomorphy. However, not every gene order is
a mitochondrial apomorphy [2]. The degree of rearrangement of a gene order plays a key
role for reaching this status. If the level of rearrangement is very high and involves multiple
genes and large genomic segments, the probability that homoplasious identical gene orders
appear in unrelated taxa is minimal/null [2]. Conversely, low levels of mitogenomic
rearrangements are prone to generate fully homoplasious gene orders (e.g., [2,6,11]).

The clade, Pancrustacea, containing Insecta plus Crustacea, is characterized by a gene
order (hereafter listed as PanGO) that sets them apart from all other animals [12,13]. PanGO
is widespread in Insecta, but different gene orders originating from its rearrangements
occur in various taxa (e.g., [1]). The number of alternative gene orders and their level of
rearrangement have a very uneven distribution among insect orders [1,11].

Within Lepidoptera, PanGO is found only in a few moth families that branch off at the
base of the lepidopteran phylogenetic tree [14,15]. Most of the lepidopteran mitogenomes
sequenced to date exhibit a gene order (hereafter listed as MIQGO) characterised by
a transposition of trnM, trnl and trnQ with respect to PanGO (Figure 1) (e.g., [15,16]).
The formation of MIQGO can be explained through a tandem duplication random loss
mechanism (Figure 1) [3,4,17].

MIQGO is shared by a very large clade including Ditrysia (the biggest lineage of
Lepidoptera), Tischeriidae and the Australian Palaephatoidea [15]. MIQGO has been
hypothesised to be a potential synapomorphy for the phyletic group exhibiting it [15].
However, some ants (Hymenoptera), some bush-crickets (Orthoptera) and a praying man-
tis (Mantodea) exhibit MIQGO in their mitogenomes [6,11,18,19]. Even if homoplasious,
MIQGO characterises a large phyletic lineage within the Lepidoptera. However, its value
as a clade-delimiting character and its range of applicability is determined within a phy-
logenetic contest [2]. Here, we introduce the concept of mito-signature. A mito-signature
is a mitochondrial feature, and its possible modifications, which characterises all the taxa
located downstream to a node in a phylogenetic tree. According to this definition, a
mito-signature is not necessarily an apomorphy, as it happens for the MIQGO.

The superfamily Papilionoidea is a large clade of the Lepidoptera order encompassing
about 19,000 species [20]. This superfamily contains butterflies belonging to the families
Papilionidae, Pieridae, Nymphalidae, Lycaenidae and Riodinidae; the skippers (so named
because they tend to skip from place to place with a quick flap of the wings) belonging to
the family Hesperiidae and the moth-like species to the family Hedylidae [20-25].

MIQGO characterises the mitogenomes of most of the butterflies sequenced to date
(Figure 1), but some butterflies have different gene orders. Distribution of the alterna-
tive gene orders is limited to terminal and sub-terminal branches of the Papilionoidea
phylogenetic tree (Figures 1 and 2; Table 1).
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Figure 2. Alternative known gene orders and their distribution in butterflies. Genes characterizing
each of genomic arrangements are presented with a coloured background. Green background,
duplicated genes; yellow-orange/blue (different shades) background, transposed genes; purple
background, gene that experienced and inverse-transposition. Nomenclature of genes as in Figure 1.

On bottom, matrix-presenting scores (expressed in percentage) relative to shared common intervals
among selected gene orders.
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Table 1. Gene orders, distribution in Papilionoidea and key features.

Name Taxonomic Distribution Key Feature
PanGO Not present in Papilionoidea apomorphic gene order for Pancrustacea
MIQGO standard gene order for Papilionoidea trnM, trnl and trnQ transposed with respect to PanGO
2NGO Odontoptilum angulatum (Hesperiidae) gene arrangement identical to MIQGO + 2 trnN
251EGO Tagiades vajuna (Hesperiidae) gene arrangement identical to MIQGO + 2 (trnS1 + trnE)
251GO Caenoptillum vasava (H?sperudae), species of gene arrangement identical to MIQGO + 2 trnS1
Lycaneinidae
IMQGO Euripus nyctelius (Nymphalidae) trnl, trnM transposed (IM vs. MI) with respect to MIQGO
SINGO Erynnis genus (Hesperiidae) trnS1, trnN transposed (SIN vs. NS1) with respect to MIQGO
ES1GO Megathymus genus (Hesperiidae) trnE, trnS1 transposed (ES1 vs. S1E) with respect to MIQGO
. . major structural rearrangement encompassing multiple genes
BemGO  Acraea genus, subgenus Bematistes (Nymphalidae) with respect to MIQGO
2FFGO Ampittia subvittatus (Hesperiidae) two copies of trnF located on opposite strands
4QGO Bhutanitis thaidina (Papilionidae) gene arrangement identical to MIQGO + 4 trnQ

We can divide the alternative gene orders into three types (Figure 2). Three gene orders
with the same arrangement of MIQGO but presenting an extra copy of one or two adjacent
tRNAs belong to the first type. The mitogenome of the skipper Odontoptilum angulatum
exhibits a duplication of trnN (2NGO) [26]. Two contiguous copies of the trnS1 and trnE
occur in the mitogenome of the skipper Tagiades vajuna (251EGO) [27]. Finally, two copies
of trnS1 (251GO) appear independently in the mitogenomes of the skipper Caenoptillum
vasava [28] and of several lycaenid butterflies (e.g., [29,30], present paper).

Three gene orders, characterised by a single event of transposition involving 2-3 con-
tiguous tRNAs, form the second type. The arrangement IMQGO, where the trnl and trnM
are transposed (IM vs. MI) with respect to MIQGO, is found in the mitogenome of the
nymphalid Euripus nyctelius [31]. IMQGO is a homoplastic rearrangement as it also occurs
in ants of the genus Camponotus, in curculionid beetles of the genus Trypodendron, and in
the aphids of the family Pemphigidae [11,32,33]. A transposition of trnS1 and truN (SIN
vs. NS1) characterises the arrangement SINGO of the mitogenome of the skipper Erynnis
montanus [34]. SINGO is present in the mitogenome of other Erynnis species as described
below. Finally, the giant-skippers of the Megathymus genus show an ES1GO arrangement,
where trnE and trnS1 are transposed (ES1 vs. S1E) with respect to MIQGO. The evolution
of ES1GO is analysed in the present paper.

Only one gene order is known for being very different from MIQGO in Papilionidea.
Within the genus Acraea (Nymphalidae, Heliconinae), the four species of the subgenus
Bematistes sequenced to date have a mitogenome exhibiting a major structural rearrange-
ment (BemGO) encompassing multiple genes [35] (Figures 2 and S1). The complexity of
the rearrangement occurring in the mitogenomes of Bematistes is evident provided that the
reconstructed evolutionary pathway leading to this gene order implies the occurrence of
the inverse-transposition of a gene (t*nE) and two tandem duplication random loss moves
(Figure S1). The peculiarity of BemGO is corroborated by the low percentage (37%) of
shared common intervals with MIQGO (Figure 2). We will not analyse BemGO further in
the present work, but we predict that it will prove to be a true synapomorphy for Bematistes.

Irrespective of the gene order, neighbour genes located on the same strand or opposite
strands can be adjacent, overlapped or spaced by a variable number of nucleotides forming
intergenic spacers (ISPs). DNA slippage during genome replication or mitogenomic rear-
rangements produce the ISPs [2,7,16]. The occurrence of a set of ISPs, congruent with the
predicted evolutionary pathway leading to the formation of a specific gene order, is the
first level of support for the proposed mitogenomic evolutionary scenario (e.g., [2,7]). The
presence in the sequences of these ISPs of remnants of the genes involved in the rearrange-
ment is more compelling evidence to confirm the transformational pathway generating a
studied gene order (e.g., [2,7]).
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Currently near complete/complete mitogenomes are available in the GenBank for
more than 400 species of Papilionoidea and for some of them multiple sequences exist.
This mitogenomic coverage is unmatched by any other lepidopteran Superfamily. Taking
advantage of the large amount of data, we performed an in-depth analysis of the structural
evolution of Papilionoidea mitogenome, both at a micro- and macro-structural level. We
analysed more than 500 mitochondrial genomic sequences of Papilionoidea and about
140 outgroups were selected among the most closely related taxa [20]. We also sequenced
the mitogenomes of two endangered butterflies, Parnassius apollo and Lopinga achine. Finally,
we assembled the mitogenomes of the skippers Erynnis brizo brizo, Gesta gesta and Ephyriades
brunnea brunnea, starting from available Illumina reads [36], as these taxa are key species
for better understanding the evolution of SINGO within the Hesperiidae [37] (see below).

In this paper, we present the results of our research focusing on the macro-structural
evolution of Papilionoidea mitogenome. In particular, we present new findings on: (a) the
evolution of the key ISP trnQ-nad2 characterizing MIQGO, (b) the transformational path-
ways generating IMQGO, ES1GO and SINGO, (c) the complicated evolutionary scenario
behind the occurrence of 251GO in Lycaenidae, and (d) the discovery of two new gene
orders 2FFGO and 4QGO, and the genomic mechanisms producing them.

2. Materials and Methods
2.1. Sequencing of Two New Mitogenomes

One specimen of Parnassius apollo (Linnaeus, 1758) (Voucher: FPa02. Collection data:
Italy, Trento Province, Caoria, 46°11'41.39” N 11°41’4.11" E, 28-30 June 2008, collected by
E. Negrisolo) and one specimen of Lopinga achine (Scopoli, 1763) (Voucher: FLa03. Collec-
tion data: Italy, Trento Province, Tonadico, Villa Welsperg, 29 June 2008, 46°11'54.81" N
11°52'13.22" E, collected by E. Negrisolo) were collected in the Natural Park Parco di
Paneveggio—Pale di San Martino (Trentino Province, Italy). Collection of the specimens
was carried out according to Italian national rules on protected species and with the per-
mission of the Paneveggio—Pale San Martino Park. Total DNA was isolated using the
ZR Genomic DNA-Tissue Midiprep (Zymo Research corp., Irvine, CA, USA) Kit. DNA
quality was assessed through electrophoresis. The amplification and sequencing of both
genomes were carried out through a combination of universal and species-specific de-
signed primers [38,39]. The sequencing of purified PCR products was performed at the
BMR Genomics service (Padova, Italy) on automated DNA sequencers mostly employing
the primers used for PCR amplification. Chromatograms were visualised and corrected
with the Chromas 2.5.1 software (Technelysium Ltd., City of Brisbane, Australia). The
assembly of the whole genome sequences was performed with the SeqMan II program
from the Lasergene software package (DNAStar, Madison, WI, USA). The two new mi-
togenomes are available in GenBank through the accession numbers ON087695 (L. achine)
and ONO087696 (P. Apollo).

2.2. Assembly of New Mitogenomes for Three Skippers (Hesperiidae)

The raw reads for Erynnis brizo brizo (GenBank accession number: SRR7174469), Gesta
gesta (GenBank accession number: SRR7174466) and Ephyriades brunnea brunnea (GenBank
accession number: SRR7174465) were downloaded from the European Nucleotide Archive
(ENA) public database in FASTQ format. The software FastQC [40] was used to assess the
quality of the reads and the presence of adapter sequences. We used SPAdes v-3.15.3 [41] to
assemble, de novo, the complete genome (nuclear and mitochondrial scaffolds) of the three
samples. SPAdes v-3.15.3 was run under the careful mode. This option runs Mismatch-
Corrector, a post-processing tool that uses the BWA tool to correct the assemblies using
the Illumina reads. The unique contig corresponding to the mitogenome (mtDNA) was
identified by BLASTn [42] search against the gene sequences of the previously assembled
and annotated mitogenome of Erynnis montanus.
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2.3. Data Set Creation and Standardized Annotation of Mitogenomes

Initially, a starting data set including 511 near complete/complete mitochondrial
genomes of Papilionoidea plus 138 complete mitogenomes of lepidopteran outgroups
was created (Tables 51-53). Outgroups were selected among the most closely related
lineages to the superfamily Papilionoidea [20] in order to maximize taxonomic diversity
at the genus level. In particular, all the superfamilies within the Apoditrysia clade, for
which mitogenomes were available, were included in the starting data set. Outgroup
species exhibiting the MIQGO were preferred over other gene orders because the bulk
of mitogenomes of Papilionoidea exhibit this gene order and we wanted to make the
comparisons of mitogenomic features as simple as possible.

The availability of new mitogenomes in the GenBank is a continuous process, occurring
at an unpredictable pace. The partial/complete sequences of Papilionoidea available in
the GenBank before 1 April 2021 were included in all analyses carried out for the present
work. If available, multiple mitogenomes of the same butterfly species were included for
investigating the intraspecific behaviour (Table S1). Some relevant sequences, available
only later, were included only in selected analyses.

To ensure a standardised annotation of 649 mitogenomes forming the starting data
set, all original annotations were checked and sometimes modified. We followed the
well-established guidelines for a homogeneous annotation of mitogenomes (e.g., [6,16,43]).
Several mitogenomes of butterflies are available in the GenBank as sequences without
annotation. We produced new complete annotations for these sequences (Table S1).

To annotate/re-annotate the mitogenomes, we followed the strategy described in
detail in previous open access works, carried out by our group [2,6,16,44]. Boundaries of
every gene were further checked according to the guidelines provided by Cameron [43].
Transfer RNA genes were identified using the tRNAscan-SE program [45] or recognised
manually as sequences with the appropriate anticodon and capable of folding into the
typical cloverleaf secondary structure of tRNAs [46]. The validity of these predictions was
further enhanced by comparison, based on multiple alignment and structural information,
with published orthologous counterparts. The boundaries of the ribosomal rrnL and rrnS
genes were determined by comparison to the orthologous counterparts present in the
mtDNAs of the species already sequenced, as well as structural information implied by
direct modelling (data not presented here). In this paper, the strand encoding the majority
of genes is listed as plus-strand. Conversely, the strand encoding the minority of genes is
listed here as minus strand.

After the process of checking and reannotation, 38 mitogenomes of Papilionoidea were
excluded as it was impossible to correct evident errors in their sequence (Table S2). Thus,
the final data set included 611 mitogenomes. Within this set, 138 sequences were from
species belonging to outgroups (Table S3), while 473 mitogenomes belonged to 393 species
of Papilionoidea (Table S1).

2.4. Sequence Heterogeneity Assessment

The GC-skew = (G — C)/(G + C) and AT-skew = (A — T)/(A + T) [47] were used
to measure the base compositional differences among mitogenomes. The skews were
calculated with Excel (Microsoft TM).

2.5. Phylogenetic Analyses

A phylogenetic analysis was performed on a data set limited to species belonging
to Lycaneindae + Riodinidae (Table S1), because a reference tree was necessary to plot
the evolution of 251GO (see below). Initially, each set of the 13 orthologous proteins,
encoded in the mitogenome (Figure 1) was aligned with the MAFTT software [48,49].
Then, these alignments were concatenated in a single multiple alignment. The latter was
analysed according to the maximum likelihood (ML) [50]. ML trees were computed with the
program IQ-TREE 2.1.3 [51]. A phylogenomic partition model was used [52]. The optimal
partitioning scheme in addition to the best fitting evolutionary model were selected with



Insects 2022, 13, 358

8 of 23

the ModelFinder method implemented in the program IQ-TREE 2.1.3 [53]. In the tree
searching analyses, fifty independent runs were performed in order to avoid/minimize the
possibility of becoming entrapped in sub-optimal trees. The ultrafast bootstrap test (UFBT)
was performed to assess the statistical support of ML tree topologies (10,000 replicates) [54].
Finally, a neighbour-joining tree (NJ) was created through the analysis of the alignment
of trnS1 genes of Lycaenidae + Riodinidae. The NJ-tree was computed by applying the
evolutionary model Kimura 2- parameter model [50] with the MEGA software [55]. The
interior branch test (1000 replicates) was computed for the NJ-tree [56].

2.6. Macrostructural Evolution in the Mitogenome of Butterflies

Pairwise comparisons between different gene orders were performed with the CREx
program [8]. This software analyses genomic rearrangement pathways using common
intervals [8-10]. A common interval is a subset of genes that appear consecutively in two
(or more) gene orders being investigated [8]. Initially, the number of shared common
intervals (SCI) for each pair of gene orders was computed with CReX. The control region
was included in the computation of values of shared common intervals. The computed
values were transformed in percentages with Excel (Microsoft™). Percentages were used to
evaluate the level of conservation among different gene orders [6]. Highly divergent gene
orders share low percentages of shared common intervals (e.g., [2,6]).

The CREx program models rearrangements involving transpositions, inversions and
inverse transpositions, in addition to the more complicated tandem duplications random
loss moves [3-5,8-10]. In a tandem duplications random loss move, a tandem duplication of
a continuous segment of genes occurs. Thus, the original segment and its copy are arranged
consecutively. This duplication is followed by the loss of one copy of each redundant
gene [10]. Multiple genes simultaneously change their position in a tandem duplications
random loss move.

The online version of the ClustalW program available at the PRABI Rhone-Alpes
Bioinformatics Centre NPS@ (http:/ /www.prabi.fr/, accessed on 5 April 2022) was used to
perform the alignments of ISPs and the genes involved in the mitogenomic rearrangements.
The alignments were improved manually by visual inspection.

3. Results and Discussion
3.1. Mitogenomes: New Sequences, New Assemblies and New Annotations

We sequenced /assembled the complete mitogenomes of Parnassius apollo (Papilion-
idae), Lopinga achine (Nymphalidae), Ephyriades brunnea brunnea (Hesperiidae), and Erynnis
brizo brizo (Hesperiidae), and the near complete genome of Gesta gesta (Hesperiidae). Size,
AT-, GC- contents and skews are provided in Table S1. The five mitogenomes contained the
canonical 37 genes of insect mitogenomes [1]. MIQGO characterises the mitogenome of
P. apollo, L. achine, E. brunnea brunnea and G. gesta, while SINGO occurs in the sequence of
E. brizo brizo (see below). The five new genomes were included in the data set used in this
paper to study the structural macroevolution of the mitogenome of butterflies. We anno-
tated, de novo, 87 mitogenomes. Fifty-four sequences represented new species while the
remaining sequences belonged to taxa with at least one mitogenome available (Table S1).

3.2. Some Statistics on Mitogenomes of Butterflies

The average size of the mitogenomes of butterflies was 15,303.35 &= 224.69 bases.
The range of variation spanned from 14,964 bases (Protesilaus protesilaus, Papilionidae) to
17,733 (Hesperia comma, Hesperiidae). Mitogenomes were A + T-rich (%-average = 80.49% = 0.95)
with a range of variation spanning from 76.01% (Acraea (Telchinia) polis, Nymphalidae)
to 83.13% (Hesperia comma, Hesperiidae). On the other hand, the G + C content (%-
average = 19.48% = 0.95) varied from 16.87% (H. comma) to 23.98% (A. polis). The mi-
togenomes exhibit AT-skews (AT-skew-average = —0.077 +£ 0.018) ranging from —0.021 (Cethosia
cyane, Nymphalidae) to 0.017 (Hypolimnas bolina, Nymphalidae). The GC-skews were al-
ways negative (GC-skew-average = —0.214 + 0.024) and ranged from —0.326 (Acraea
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(Bematistes) alcinoe, Nymphlaidae) to —0.149 (Dodona durga, Riodinidae). All the species
listed above exhibited the MIQGO arrangement with only exception represented by
A. alcinoe (BemGO) (Figures 1 and 2). Three of the four Bematistes butterflies exhibited
the lowest GC-skews (Table S1). This result would suggest an impact of the BemGO
genomic arrangement on the GC-skew. However, Isoteinon lamprospilus, a skipper with
MIQGO, shows a GC-skew lower than the fourth Bematistes butterfly, i.e., Acraea (Bema-
tistes) poggei. Very similar GC-skews characterised the mitogenomes of other butterflies
presenting MIQGO (Table S1). These results suggest that the analysed different gene orders
have a minimal/null effect on GC-skews. The homogenous behaviour of the statistics
presented above also supports the view that no mitogenome experienced inversion of
the control region, an event that is not immediately evident but can be detected through
the computations of AT- GC-skews, which exhibit a change in the sign of their values
if the control region is located on the opposite strand [57]. The statistics computed for
the mitogenomes of outgroups mirrored those of butterflies, suggesting a homogenous
behaviour within the analysed data set (Table S3).

3.3. The Origin of the Intergenic Spacer trnQ-nad2 in the Mitogenome of Butterflies

Mitogenomes of butterflies sequenced to date, exhibiting MIQGO, have an intergenic
spacer located between frnQ and nad2 (ISP trnQ-nad2) (Figure 1). This ISP was produced
during the formation of MIQGO. Some authors think that the ISP trnQ-nad?2 is a remnant
of a partly duplicated nad2 that was generated during the rearrangement process [58—60].
Supporters of this hypothesis provided pairwise alignments of the ISPs trnQ-nad2 and
nad2s [58-60]. In these comparisons, the ISPs trnQ-nad?2 aligned with different portions
(hereafter segments) of the nad2 with percentage of identity for each pair varying from 62%
to 78%. The search of these segments for the new mitogenomes of P. apollo and L. achine
provided ambiguous results (Alignments S1-52). In both species, at least two distinct
nad2 segments were identified with very similar percentages of identity (67.44% vs. 68.89%,
P. apollo; 68.33% vs. 70.97%,; L. achine), and further segments with percentages of identity
>62% occurred in both butterflies. Because this behaviour could be peculiar for the new
mitogenomes, the same search was repeated for species of Hesperiidae including all taxa
analysed by Kim et al. [60]. Results were very similar to those obtained for of P. apollo
and L. achine and multiple distinct segments of nad2 were identified with very similar
percentages of identity for each species (Alignments S3-S8). In some cases, the newly
identified nad2 segments exhibited higher percentages of identity than those identified by
Kim et al. [60]. In Choaspes benjaminii, the segments B (percentage of identity = 78.08%)
and E (percentage of identity = 78.08%) outperformed the D segment (percentage of
identity = 69.32%) identified as the best match by Kim et al. [60] (Alignment S3). The
same behaviour was observed for Lobocla bifasciatus and Carterocephalus silvicola. Thus,
multiple distinct segments with very similar percentages of identity can be identified in
each comparison (Alignments 5S4 and S7). The positioning of these segments along nad? is
very variable, spanning most of the gene length.

A detailed analysis of the nad2 segments vs. ISP trnQ-nad2 alignments identified
some common patterns (Alignments S1-58). (a) The number of identical contiguous
positions is low /very low and ranges from two to 13 (e.g., C. benjaminii, segment B), with
3-8 representing the more common condition. (b) Nucleotide composition of conserved
positions is A/T-rich, in agreement with the compositional bias of butterflies’ mitogenomes.
(c) The motifs of conserved nucleotides are, in many cases, not unique and have multiple
counterparts scattered along the whole mitogenomic sequence.

If the nad2 segment with the best percentage of identity is regarded as the true or-
thologous counterpart of the ISP trnQ-nad2, the following evolutionary scenario must
be hypothesised.

First, the formation of MIQGO generated a near complete/complete second upstream
copy of nad2 that remained largely unchanged in the last common ancestor of Papilionoidea,
and in the successive ancestors of families, subfamilies and so on. This behaviour is
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necessary because the ISPs trnQ-nad2 align, according to the best percentage of identity
scores, with very different segments, covering the whole length of nad2. Second, the
shrinking of the pseudo-nad2 leading to ISP trnQ-nad2 must have occurred suddenly in
the most recent ancestors of current species, because the length of these spacers is usually
smaller than 100 nucleotides.

This evolutionary scenario is not plausible as it implies a very different behaviour of the
lepidopteran mitogenome, i.e., a long period of stasis with the duplicated nad2 transmitted
through most of the branches of the tree, followed by very rapid shrinking in the sub-
terminal/terminal nodes. Until now, there has been no evidence of this double behaviour
in any studied animal mitogenome. The hypothesis of a long-lasting presence for a second
near complete nad2 is further contradicted by the fact that there is a strong selective
pressure towards the maintenance of a compact mitogenome and constant gene content [7].
Finally, by assuming the origin of ISP trnQ-nad2 from distinct segments of nad2, aligning
them should not be possible as they represent the remnants of different non-orthologous
segments of nad2, as identified through pairwise comparisons.

The analysis of the mitogenome of the praying mantis Humbertiella nada, which shares
with butterflies the homoplastic MIQGO, allowed us to hypothesise a different evolutionary
scenario for the ISP trnQ-nad2 origin. The ISP trnQ-nad2 of H. nada contains in its sequence
a pseudogene of trnM (Figure 3).
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Figure 3. Alignments of trnMs vs. ISPs trnQ-nad2. On top, pairwise alignment of trnM vs. ISPs trnQ-
nad2 in Humbertiella nada. On bottom, multiple alignments of trnMs and ISPs trnQ-nad?2 of butterflies
of the genera Papilio (Paapilioninae) and Parnassius (Parnassiinae). Deep-purple background, fully
conserved nucleotide; pink background, majority rule (>50%) conserved nucleotide; cyan-coloured
position, conserved nucleotide in trnMs; dark-blue background, conserved position in ISPs trnQ-nad?2
of Papilio species; light-blue background, conserved position in ISPs trnQ-nad2 of Parnassius species;
green-background conserved position in ISPs trnQ-nad2 of Papilio + Parnassius.
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The ISP trnQ-nad2 and trnM of H. nada share the identical segment AGTAAGCTAACT-
CAAGCTATTGGGTTCATACCC, spanning 33 nucleotides, including the anticodon CAT.
The probability that an identical segment of this size appeared independently in ISP trnQ-
nad2 and trnM is null, as shown in other animal mitogenomes [7].

This finding prompted us to test the hypothesis that in lepidopteran mitogenomes,
during the homoplastic genomic rearrangement that generated MIQGO, trnM also con-
tributed to the formation of the ISP trnQ-nad2 (Figure 1). To test this alternative evolutionary
scenario, multiple alignments were created at different taxonomic levels containing the ISP
trnQ-nad2 and trnM sequences (Figure 3; Alignments S9-512).

Before discussing the outputs of these alignments in detail, an explanation is necessary.
The nucleotide substitution process is not limited by constraints in the sequences of ISP
trnQ-nad2; conversely, the trnMs are under strong purifying selection. This opposite
behaviour suggests that there should be a rapid/very rapid drop in the percentage of fully
conserved positions when alignments are carried out at a taxonomic rank higher than genus.
To mitigate this problem, we evaluated the pattern of conservation through a majority rule
approach. Thus, we considered not only invariable positions but also positions conserved
in more than 50% of the aligned sequences.

The analysis of the trnMs vs. ISPs trnQ-nad2 alignments revealed some general features
(Figure 3, Alignments S9-512). (a) ISPs trnQ-nad2 and trnMs can be aligned up to the level
of families that are sister taxa (e.g., Lycaenidae and Riodinidae) (Alignment S10). We did
not attempt a global alignment at a superfamily level. Within Papilionidae the level of
conserved positions is 68.49% (50/73) (Figure 3). This alignment included butterflies of the
genera Parnassius and Papilio, two taxa belonging to two distinct subfamilies that diverged
around 59 MYA [61]. Within the Hesperiidae, the conserved positions account for the 55.67%
(54/97) and the aligned sequences are derived from butterflies of different subfamilies
that share a last common ancestor around 65 MYA old [61] (Alignment S9). Within the
subfamily Pierinae, the analysed species share a last common ancestor dating back to
55.25 MYA [61] and the conserved positions represent the 64.47% (49/76) (Alignment
511). Within Lycaenidae and Riodinidae (Alignment S10), sharing a last common ancestor
97.36 MYA old [60], the conserved positions represent the 60.52% (46/76). Thus, the
percentage of conserved positions is always above 50%. (b) ISPs trnQ-nad2 and trnMs share
conserved motifs in their alignments.

(c) The ISPs trnQ-nad?2 exhibit levels of conservation that make an origin from different
mitochondrial segments implausible, as outlined in the examples listed below (Figure 3;
Alignments 59-512). Within Lycaenidae, the ISPs trnQ-nad2 alignment exhibits 76.92%
of conserved positions (50/65). Within Hesperiidae, the conserved positions account for
62.36% (58/93). Within Lycaenidae + Riodinidae, the conserved positions are 63.23%
(43/68). Finally, hypothesising an origin from trnM is also a good fit to the actual size of
most of ISPs trnQ-nad2 and does not require very asymmetrical behaviour, i.e., a long stasis
followed by a very rapid gene shrinking, necessary if nad? is considered the true ancestor
of ISP trnQ-nad?.

Our findings exhibit some limitations. In contrast to what was found in the praying
mantis H. nada, we did not identify within the alignments a unique DNA segment shared
only by trnMs and ISPs trnQ-nad2. Furthermore, the sequence motifs shared by trnMs and
ISPs trnQ-nad2 are short, ranging from two to seven nucleotides, and not unique. The
formation of the ISP frnQ-nad?2 is a very old event in the mitogenomes of Lepidoptera [15]
and as mentioned above, this spacer does not have any structural constraint preventing it
from changing quickly and not homogenously in the different lineages of butterflies.

Our results provide support to the origin of ISP trnQ-nad2 from the trnM. However,
this support is not undisputable, and alternative evolutionary scenarios can be put forward
to explain the percentages of identical nucleotides shared by ISPs trnQ-nad2 and trnMs.
We believe that the trnM is a better candidate than nad?2 for explaining the origin of ISP
trnQ-nad2 in Lepidoptera. However, future analyses and more compelling evidence will be
necessary to definitely prove or disprove this hypothesis.
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3.4. Different Transformational Pathways Generate the Homoplastic IMQGO

As mentioned above, IMQGO is the homoplastic rearrangement shared by the nymphalid
E. nyctelius, the ants of genus Camponotus, the beetles of the genus Trypodendron (Curculion-
idae), and the aphids of the family Pemphigidae. However, IMQGO appeared in these taxa
following different transformational pathways (Figure 4).
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Figure 4. Mitochondrial transformational pathways generating IMQGO. Gene colours, nomenclature,
as well mechanisms responsible for rearrangements depicted and labelled as in Figure 1.

Two events of transposition generated the final arrangement in E. nyctelius and the
ants of the genus Camponotus. MIQGO is the plesiomorphic condition for both butterflies
and ants [6,15]. Thus, there was not a direct transformational pathway going from PanGO
to IMQGO for ants and lepidopterans. Conversely, a single event of transposition generated
IMQGO in beetles and aphids (Figure 4). The analysis of the ISPs, associated with IMQGO,
supports this single-step evolutionary scenario due to the presence of undisputed remnants
of the copies of genes lost during the rearrangement (Figure 4; Alignments S13 and 514) [2,7].
Within the ISP, trnQ-nad2 and ISP trnM-trnQ are present remnants of the copies of trnM
and trnl that were lost in transposition. A remnant of the control region was identified in
the ISP trnM-trnQ of Trypodendron signatum (Alignment S14). The presence of the control
region remnant does is not surprising if we consider that any rearrangement process
for the integrity of the moving genes must also involve portions of the genes located
upstream/downstream to the genomic segment interested by the macro-structural change.
Interestingly, IMQGO is structurally more similar to PanGO than MIQGO, as revealed by
the percentages of shared common intervals (Figure 2).

3.5. The Evolution of 251GO within the Lycaenidae

Several lycaenid butterflies share with the skipper C. vasava the homoplastic 251GO
(Figure 2), which implies the occurrence of two contiguous copies of trnS1 (this pa-
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per) [28-30]. To study the evolution of 251GO in Lycaenidae, the multiple alignment
of trnS1s belonging to the 611 taxa was generated. The alignment was carried out using the
secondary structure determined for trnS1 (Alignment S15) as a template. A phylogenetic
tree was computed for the trnS1s of Riodinidae + Lycaenidae using the software MEGA

(Figure 5).
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Figure 5. Phylogenetic relationships among trnS1s of Riodinidae + Lycaenidae. Neighbour-joining

tree computed with MEGA. Number on branches are values, expressed in percentage, of the interior
branch test. Secondary structures are provided for different types of trnS1. Names of species of

Lycaenidae belonging to different subfamilies are coloured as follows: orange, Curetinae; cyan,
Lycaenainae, light brown, Aphnaeinae; light-purple, Theclinae; light lilac, Polyommatinae.

Finally, the distribution and the type of trnS1 present in the different lycaenid butter-
flies was mapped in the ML reference phylogeny (Figure 6).
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Figure 6. Evolution of trnS1 in Lycaenidae. Tree, obtained with a ML analysis, depicting the
phylogenetic relationships among analysed Lycaenidae. For reason of clarity, only the tree topology
of the ingroup is provided. Outgroups (five species of Riodinidae) as well as UFBT node support
(always 100%) are not presented. On top right, the secondary structure of trnS1: ac, acceptor stem;
dh, DHU stem; an anticodon stem; tp, TYC stem (nomenclature as in Montelli et al. [62]).

Outputs of these combined analyses revealed that the evolution of 251GO in Ly-
caenidae followed an unexpected, complicated pathway.

In Lepidoptera, the trnS1 sequences exhibit three different anticodons, i.e., trnS16¢T,
trnSTACT and trnS17CT (Alignment S15). The trnS16¢T is the most widespread and repre-
sents the plesiomorphic condition, while the alternative trnS14T and tnS17¢T appears
independently through a process of parallel evolution in butterflies/moths belonging to
different families (some examples are provided in Alignment S15).

Among the Lycaenidae sequenced so far, only Curetis bulis exhibits the trnS16¢T
(Figures 5 and 6). All other species have one #1S14¢T /trnS17CT or both. When both trnS1
types occur, they are always arranged in the 5'-3' order trnS17¢T~trnS14CT (Figure 6). The
phylogenetic analysis performed on the trnS1 of Lycaenidae + Riodinidae identified three
major clusters: A, G and T (Figure 5). Only +nS1°CT sequences are included in cluster G.
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Only trnS1ACT sequences belong to cluster A. The trnS17T of Spindasis takanonis is a sister
taxon of this cluster. Finally, cluster T includes all other lycaenid trnS17¢T sequences, and
the trnS1ACT of Lycaena li, Heliophorus eventa and Celastrina argiolus. These three species have
a second #nS17¢T located within the cluster T (Figure 5). Irrespective of the anticodon type,
all trnS1 sequences belonging to cluster T exhibit a fully compensatory base change in the
an> fifth base-pair of anticodon stem (i.e., G-C vs. A-T) (Figure 6; Alignment S15) [62]. This
change is considered fully compensatory because it does not alter the secondary structure
of trnS1 [62]. Among the 611 sequences analysed here, which belong to 586 lepidopteran
species, the same fully compensatory base change is present also in the skipper Ochlodes
venatus (Hesperiidae) and in the moth Eogystia hippophaecolus (Cossidae), while all other taxa
exhibit the plesiomorphic condition A-T. Interestingly, both O. venatus and E. hippophaecolus
have a trnS1T¢T sequence (Alignment 515).

Combining the phylogenetic output with the structural features exhibited by the
trnS1 sequences and the distribution of different anticodon types in lycaenid butterflies,
an evolutionary scenario was reconstructed and is described in the steps (A-G) detailed
below. Some parts of this transformational pathway are well corroborated, while others are
tentatively sketched (Figure 6).

(A) The common ancestor of Lycaenidae had a single trnS1°T in its mitogenome, a condi-
tion that is still present in C. bulis, which belong to the Curetinae, the sister group of all
other Lycaenidae [23]. The trnS1°CT of C. bulis also shows the plesiomorphic condition
for all the nucleotide pairs in the stems of the secondary structure (Alignment S15).

(B) First, a shift from the trnS1°CT to trnS14¢T, favoured by the fact that it is a transition
from G to A, occurred in the ancestor of the not-Curetinae Lycaenids (node 1, of
Figure 6). Representative of this early change are the trnS1s¢T contained in cluster
A, which exhibit mostly a plesiomorphic condition in their nucleotide sequences
(Alignment S15).

(C) Successively, in the common ancestor of the Lycaeninae, Polyommatinae and The-
clinae, a duplication of #nS14¢T occurred and was followed by a shift in the TCT
anticodon in the upstream copy (node 2, Figure 6). In this ancestral trnS1s"CT the
G-C fully compensatory change also appeared, characterizing the 5an-pair of the
anticodon stem (Figure 6; Alignment S15). The G-C change, present in the 5an-pair,
has an extremely limited distribution among the 586 lepidopteran species studied
here (Tables S1 and S3), which are representative of quite a large taxonomic diversity
within Lepidoptera [20]. Thus, we regard it as highly improbable that this type of
change occurred independently multiple times in Lycaenidae.

(D) Within Polyommatinae and Theclinae, multiple independent losses interested both
trnS1ACT and trnS1sTCT.

(E) Within the Lycaenainae (node 3, Figure 6), the ancestral trnS was lost, but suc-
cessively trnS1sTCT was duplicated and one copy reverted to trnST14CT. The latter is
present in Lycaena li and Heliophorus eventa, while it was successively lost in Lycaena
phlaeas. This transformational pathway is supported by the fact that (1), irrespective
to the anticodon type, the trnS1s of Lycaenainae share and unique nucleotide pattern
in their T¥C loop. (2) The Lycaenainae trnS1sAT are nested within the T cluster and
share the G-C pair in the an5 position of the anticodon stem with all the trnS1sT¢T
(Figure 5; Alignment S15).

(F) The ancestral trnS14¢T was lost in a subclade of Polyommatinae (node 4; Figure 6),
but in Celastrina argioulus there occurred a duplication of trnS17¢T and successive
transformation of the downstream copy in trnS14¢T.

(G) A shift from trnS14CT to trnS1sTCT occurred in the branch leading to Spindasis takanonis.
In favour of this reconstruction is that the trnS17¢T of S. takanonis is sister taxon to
cluster A and retains the plesiomorphic A-T pair in its anticodon stem (Figure 5;
Alignment S15).

IACT
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The trnS14CT of Japonica lutea (KM655768) is identical to the trnS1ACT of Cupido argiades
(KC310728), which belongs to the different subfamily Polyommatinae. Furthermore, the J.
lutea trnSTACT (KM655768) lacks a very peculiar fully compensatory base change (A-T vs.
T-A) in the tp1-pair of the T¥C stem, which is present in all other trnS1sCT of Theclinae
(Figure 6; Alignment S15). All this is very unusual and needs further corroboration.

The evolutionary scenario depicted above shows a very complex transformational
pathway with repeated events of duplications and loss of the different types of trnS1, as
well as changes between the ACT and TCT anticodons. Not all steps described above are
fully settled and a more complete taxon sampling is necessary to obtain a well-defined
complete picture. Irrespective of some level of uncertainty, what clearly emerges is that
the Lycaenidae are unique among butterflies and, more in general, Lepidoptera, for the
high plasticity of their trnS1. This plasticity was present in the common ancestor of the non-
Curetinae lycaenids and remained in the descendants, as proved by the multiple changes
described above. Finally, the presence of this high plasticity suggests that trnS1s must be
excluded from phylogenetic analyses because there is no guarantee that the relationship of
orthology is fulfilled even among sequences sharing the same anticodon.

3.6. Two Mito-Signatures for the Genera Erynnis and Megathymus

To our best knowledge, the evolution of ESIGO in the skippers of the Megathymus
genus has never been studied in detail. SINGO was unrecognised by the group that se-
quenced the Megathymus mitogenomes [63]. Indeed, these authors wrote that the sequences
exhibit “ ... a gene order typical for mitogenomes of Lepidoptera”. The transformational
pathway leading from MIQGO to ES1GO is shown in Figure 7.

ES1GO, Megathymus genus
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Figure 7. Mitochondrial transformational pathway generating ES1GO. Gene colours, nomenclature
as well mechanisms responsible of rearrangements depicted and labelled as in Figure 1.

A single tandem duplication random loss event can be assumed to be responsible
for the appearance of this macro-structural change and a set of ISPs congruent with this
transformational pathway is present in all the Megathymus mitogenomes. Reliable remnants
of the genes involved in the tandem duplication random loss event, which would have
better supported this transformational pathway [2,7], could not be found due to the rapid
shortening and change in sequences associated with these intergenic spacers. Currently,
ES1GO is known only for butterflies belonging to Megathymus, and its phylogenetic distri-
bution represents a mito-signature for the genus. ES1GO does not show a highly rearranged
gene disposition. Indeed, it shares 95% of shared common intervals with MIQGO (Figure 2).
With current limited sampling, it is not possible to define unambiguously ES1GO as a true
synapomorphy. Better genomic coverage is necessary to fix this point.

Initially, SINGO was described for Erynnis montanus [34]. Our annotation/re-annotation
and new assembly of the mitogenomes of Erynnis tages, Erynnis popoviana and Erynnis brizo
brizo revealed that they share SINGO with E. montanus (Figure 8).
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Figure 8. Mitochondrial transformational pathway generating NS1GO. Gene colours, nomenclature
as well mechanisms responsible of rearrangements depicted and labelled as in Figure 1. On bottom,
multiple alignments of trnS1s and trnNs vs. ISPs trnR-trnS1 in species belonging to the genus
Erynnis. Deep-purple background, fully conserved nucleotide; pink background, majority rule (>50%)
conserved nucleotide; cyan-coloured position, conserved nucleotide in trnMs.

The presence of SINGO in the mitogenome of E. popoviana was unrecognized in
the paper describing it [37]. However, the comparison of the trnN and trnS1 sequences,
identified during reannotation, with the orthologous counterparts of other Erynnis species
provides compelling evidence in favour of this genomic arrangement (Figure 8). The
occurrence of a single tandem duplication random loss event was hypothesised to explain
the appearance of SINGO [34]. All mitogenomes exhibiting SINGO present ISPs in the
segment interested by the tandem duplication random loss event (Figure 8). Furthermore,
we identified possible remnants of the trnNs within the ISPs trnR-trnS1, even if in this case
the evidence is not conclusive. All these findings corroborate the hypothesised tandem
duplication random loss transformational pathway [2,7].

Currently, SINGO is known only for the genus Erynnis. Indeed, Gesta gesta and
Ephyriades brunnea brunnea, which resulted in the taxa with an available mitogenome,
most closely related to the genus Erynnis in the very recent phylogeny of Xiao et al. [37],
who presents the standard MIQGO. Available taxonomic coverage, combined with the
low level of rearrangement of SINGO that shares 95% of shared common intervals with
MIQGO (Figure 2), suggests considering for the moment this gene order as a structural mito-
signature, awaiting further corroboration to be possibly elevated to true synapomorphy.

3.7. FFGO and 4QGO: Two Novel Gene Orders for the Papilionoidea

Two novel gene orders were identified through the annotation of multiple mitogenomes,
available as unannotated sequences in the GenBank (Table S1).

The first new arrangement (2FFGO) characterises the mitogenome of the skipper
Ampittia subvittatus (Hesperiidae, Hesperiinae) (Figure 9).
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Figure 9. Mitochondrial transformational pathway generating 2FFGO. Gene colours, nomenclature
as well mechanisms responsible of rearrangements depicted and labelled as in Figures 1 and 2.

Currently, 2FFGO is known only for this species as the congeneric Ampittia dioscorides
exhibits the standard MIQGO. 2FFGO is characterised by the presence of two copies of trnF,
located on opposite strands (Figure 9). Both trnFa (69 nucleotides) and trnFb (66 nucleotides)
can perfectly fold and produce their secondary structure (Alignment S16). Their sequence
identity is very high (92.28%), with most of the different nucleotides located in the TYC loop
(Alignment 516). The transformational pathway leading from MIQGO to 2FFGO implies
the first duplication of trnF, followed by the reverse transposition of the downstream
trnFb copy to a final placement between trnR and trnS1. It could be argued that after
duplication took place, it was trnFa and not trnFb that moved between trnR and trnS1.
The trnE and trnFa of A. subvittatus overlap for two nucleotides, mirroring the behaviour
observed for trnE and trnF of A. dioscorides. This shared disposition favours the assumption
that the partial superposition of this pair of tRNAs is the plesiomorphic condition for the
genus Ampittia. The overlap of the two genes makes it more complicated to hypothesise
the inverse transposition of one of the two without affecting the structure of the other,
something that is not observed in the mitogenome of A. subvittatus. Thus, we favour in our
reconstruction the reverse transposition of trnFb, which was free to move without affecting
any other adjacent gene.

The mitogenome of the butterfly Bhutanitis thaidina (Papilionidae, Parnassiinae) presents
a quadruplication of trn(Q that generates the 4QGO arrangement (Figure 10).

This novel gene order does not occur in the congeneric Bhutanitis mansfieldi that shows
the standard MIQGO (Table S1). To identify the transformational pathway leading to
4QGO, it is first necessary to analyse the intergenic spacers ISP trnQa-trnQb, ISP trnQb-
trnQc, and ISP trnQc-trnQd (Figure 10; Alignment S17). These spacers share an identical
sequence that can be divided into four segments: A-D (Alignment 517). The four segments
unambiguously align with the ISP trnQd-nad2 (A), a 3’ portion of control region (B); the 3’
end of trnM (C), and trunl (D). A second point to consider is that trnl and trnQa overlap for
three nucleotides at their respective 3’ end, a condition they share with the trnl and trnQ
pair of B. mansfieldi.
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Figure 10. Mitochondrial transformational pathway generating 4QGO. Gene colours, nomenclature
as well mechanisms responsible of rearrangements depicted and labelled as in Figures 1 and 2. PrL,
partial random loss; td, tandem duplication.

By combining all these data, we sketched the transformational pathway presented
in Figure 10. The formation of 4QGO started with the duplication of a genomic segment
spanning from the control region to trnQ. Successively, a partial random loss event coupled
with the shortening of the DNA sequence occurred within the duplicated segment. This
process produced the ISP trnQa-trnQb containing the four segments A-D. The next step was
a duplication of the segment ISP trnQa-trnQb + trnQb, which generated the ISP trnQb-trnQc
+ trnQc. The last step was, again, a duplication of the segment the ISP trnQb-trnQc + trnQc
that produced the final 4QGO. Alternatively, a second duplication of ISP trnQa-trnQb +
trnQb would have created the same 4QGO arrangement. Multiple identical copies of a
tRNA and the upstream spacer are not a common phenomenon in insect mitogenomes.
However, B. thaidina is not the only example. Four identical copies of trnL2 + upstream
spacer occur in the mitogenome of the Eumenid wasp Abispa ephippium [64]. 2FFGO
and 4QGO were identified in two non-annotated mitogenomic sequences available in the
GenBank (Table S1). The sequencing of more mitogenomes of A. dioscorides and B. thaidina is
desirable in the near future. This would provide independent corroboration to our findings.

3.8. Two Clusters of tRNAs Are the Hot Spots of Mitogenomic Diversity in Butterflies

With respect to PanGO, most of the gene orders present in butterflies (Figures 1, 2, 9 and 10)
involve duplication, transposition and inverse-transposition of one to three genes located
within the two main clusters (ARNS1EF and MIQ) of tRNAs in the mitogenome of butter-
flies. BemGO represents the only exception (Figures 2 and S1). Our results corroborate and
extend previous findings that have identified the two hot spots of mitogenomic rearrange-
ments in butterflies in these two clusters, and, more generally, in insects (e.g., [1]).
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of Outgroups included in the final data set; Alignment S1: nad2 vs. ISP trnQ-nad2 pairwise align-
ments in Lopinga achine (Nymphalidae, Satyrinae); Alignment S2: nad2 vs. trnQ-nad2 ISP pairwise
alignments in Parnassius apollo (Papilionidae, Parnassiinae); Alignment S3: nad2 vs. ISP trnQ-nad?2
pairwise alignments in Choaspes benjaminii (KJ629164) (Hesperiidae, Coliadinae); Alignment S4: nad?2
vs. ISP trnQ-nad2 pairwise alignments in Lobocla bifasciatus (KJ629166) (Hesperiidae, Eudaminae);
Alignment S5: nad2 vs. ISP trnQ-nad2 pairwise alignments in Euschemon rafflesia (KY513288) (Hesperi-
idae, Euschemoninae); Alignment S6: nad2 vs. ISP trnQ-nad2 pairwise alignments in Potanthus flavus
(KJ629167) (Hesperiidae, Hesperiinae); Alignment S7: nad2 vs. ISP trnQ-nad2 pairwise alignments
in Carterocephalus silvicola (K]J629163) (Hesperiidae, Heteropterinae); Alignment S8: nad2 vs. ISP
trnQ-nad2 pairwise alignments in Daimio tethys (KJ629165) (Hesperiidae, Tagiadinae); Alignment S9:
Multiple alignment of trnMs and ISPs trnQ-nad2 in selected species of the family Hesperiidae;
Alignment S10: Multiple alignment of trnMs and ISPs trnQ-nad?2 in selected species of the families
Lycaenidae and Riodinidae; Alignment S11: Multiple alignment of trnMs and ISPs frnQ-nad2 in
selected species of the subfamily Pierinae; Alignment S12: Multiple alignment of trnMs and ISPs
trnQ-nad2 in selected species of the subfamily Satyrinae (Nymphalidae); Alignment S13: trnM vs.
ISP trnQ-nad2 alignment and trnl vs. ISP trnM-trnQ alignment in species of the family Pemphigidae
(Hemiptera); Alignment S14: trnM vs. ISP trnQ-nad2 alignment and CoRe 3'p + trnl vs. ISP trnM-
trnQ 5'p alignment in species of the family Curculionidae (Coleoptera); Alignment S15: Multiple
alignment of frnS1 sequences of selected species of Lepidoptera; Alignment S16: Multiple alignment
of trnF sequences in Hesperiidae and pairwise alignment of trnFa and trnFb in Ampittia subvittatus;
Alignment S17: Pairwise alignments of portions of ISP trnQa-trnQb with ISP trnQd-nad2, CoRe 3’-end,
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Figure S1. Mitochondrial transformational pathway generating BemGO.
MIQGO and BemGO are linearized starting from cox7. The genes encoded on
the plus strand (orientation from right to left in Figure 1) are black-boxed, while
those encoded on the minus strand (orientation from left to right in Figure 1) are
underlined and black-boxed. Nomenclature: atp6 and atp8: ATP synthase
subunits 6 and 8; cob: apocytochrome b; cox1-3: cytochrome c oxidase subunits
1-3; nad1-6 and nad4 L: NADH dehydrogenase subunits 1-6 and 4 L; rrnS and
rrnL: small and large subunit ribosomal RNA (rRNA) genes; X: transfer RNA
(tRNA) genes, where X is the one-letter abbreviation of the corresponding
amino acid, in particular L1 (CTN codon family) L2 (TTR codon family), S1 (AGN
codon family) S2 (TCN codon family); CoRe: Control Region. IT: inverse
transposition, T: transposition event. tdrl: tandem duplication random loss
mechanism producing the observed rearrangement. TDRL, Tandem
Duplication Random Loss move. Genes transposed relative to MIQGO are
shown with a yellow-orange/blue (different shades) background. Genese that
experienced an inverse-transposition are presented with purple bacground.
Genes duplicated are presented with a green background. The extra copy of
every gene that is lost in the genomic rearrangement is red-boxed. Genes
located immediately upstream/downstream the rearranged genes, and,
possibly, partly involved by the genomic change are grey-boxed. An orange dot
marks an intergenic spacer present in a position associated to a genomic
rearrangement.



Table S1. Mitogenomes of Papilionoidea included in the final data set

GO SUPERFAMILY FAMILY SUBFAMILY SPECIES GenBank  C/P  Size AT-skew AT% GC-skew GC%

MIQGO Papilionoidea Hedylidae Macrosoma conifera (Warren, 1897) MT852025 C 15344 -0,008 81,680 -0,185 18,320
MIQGO Papilionoidea Hesperiidae Barcinae Apostictopterus fuliginosus Leech, [1893] MH985707 C 15417 -0,006 80,736 -0,227 19,264
MIQGO Papilionoidea Hesperiidae Barcinae Barca bicolor (Oberthir, 1896) MNO012971 C 15577 0,007 79,444 -0,247 20,556 new annotation
MIQGO Papilionoidea Hesperiidae Barcinae Barca bicolor (Oberthtir, 1896) MH985708 c 15574 0,007 79,382 -0,249 20,611
MIQGO Papilionoidea Hesperiidae Coeliadinae Burara striata (Hewitson, 1867) KY524446 C 15327 -0,020 80,127 -0,233 19,873
MiQGO Papilionoidea Hesperiidae Coeliadinae Choaspes benjaminii (Guérin-Méneville, 1843) JX101620 C 15272 -0,008 80,782 -0,218 19,218
MIQGO Papilionoidea Hesperiidae Coeliadinae Choaspes benjaminii (Guérin-Méneville, 1843) KJ629164 Cc 15300 0,002 80,111 -0,240 19,889
MIQGO  Papilionoidea Hesperiidae Coeliadinae Hasora anura (de Niceville, 1889) KF881049 C 15280 0,005 79,503  -0,223 20,491
MIQGO  Papilionoidea Hesperiidae Coeliadinae Hasora anura (de Niceville, 1889) KR189008 C 15290 0,001 79,529  -0,221 20,471
MIQGO Papilionoidea Hesperiidae Coeliadinae Hasora badra (Moore, 1857) MK238674 C 15324 -0,007 79,718 -0,229 20,282
MIQGO Papilionoidea Hesperiidae Coeliadinae Hasora chromus (Cramer, 1782) MN182753 C 15413 -0,007 79,641 -0,222 20,359
MIQGO Papilionoidea Hesperiidae Coeliadinae Hasora vitta (Butler, 1870) KR076553 C 15282 -0,010 79,918 -0,222 20,082
MIQGO Papilionoidea Hesperiidae Coeliadinae Hasora vitta (Butler, 1870) MK238675 C 15290 -0,009 79,993 -0,220 20,007
MIQGO Papilionoidea Hesperiidae Eudaminae Achalarus lyciades Geyer, 1832 CMO009487 C 15612 -0,012 81,899 -0,190 18,101
MIQGO Papilionoidea Hesperiidae Eudaminae Achalarus lyciades Geyer, 1832 KX249739 C 15612 -0,012 81,899 -0,190 18,101
MIQGO Papilionoidea Hesperiidae Eudaminae Lobocla bifasciata (Bremer & Grey, 1853) MNO012996 C 15613 -0,025 81,349 -0,192 18,651 new annotation
MIQGO Papilionoidea Hesperiidae Eudaminae Lobocla bifasciatus (Bremer & Grey, 1853) KJ629166 C 15366 -0,020 80,932 -0,212 19,068
MIQGO Papilionoidea Hesperiidae Euschemoninae Euschemon rafflesia (Macleay, [1826]) KY513288 C 15447 -0,040 81,440 -0,205 18,560
MIQGO Papilionoidea Hesperiidae Hesperiinae Agathymus mariae (W. Barnes & Benjamin, 1924) KY630504 C 15342 -0,004 79,983 -0,247 19,874
2FFGO Papilionoidea Hesperiidae Hesperiinae Ampittia subvittatus (Moore, 1878) MNO013003 P 15403 -0,015 80,283 -0,245 19,717 new annotation
MIQGO Papilionoidea Hesperiidae Hesperiinae Astictopterus jama Felder & Felder, 1860 MH763663 C 15430 -0,012 80,687 -0,238 19,313
MIQGO Papilionoidea Hesperiidae Hesperiinae Erionota torus Evans, 1941 MW586888 P 15987 -0,023 81,228 -0,222 18,772 new annotation
MIQGO Papilionoidea Hesperiidae Hesperiinae Hesperia comma (Linnaeus, 1758) FR990041 C 17733 -0,001 83,128 -0,180 16,872 new annotation
MIQGO Papilionoidea Hesperiidae Hesperiinae Isoteinon lamprospilus Felder & Felder, 1862 MH763664 C 15430 -0,001 78,568 -0,283 21,432
MIQGO  Papilionoidea Hesperiidae Hesperiinae Lerema accius (Smith, 1797) KT598278 C 15338  -0,022 80,858  -0,209 19,142
ES1GO Papilionoidea Hesperiidae Hesperiinae Megathymus beulahae Scudder, 1872 KY630505 P 15412 0,004 79,101 -0,256 20,406
ES1GO Papilionoidea Hesperiidae Hesperiinae Megathymus cofaqui cofaqui (Strecker, 1876) KY630503 P 15421 -0,012 80,274 -0,242 19,052
ES1GO Papilionoidea Hesperiidae Hesperiinae Megathymus streckeri (Skinner, 1895) KY630501 C 15507 -0,011 80,764 -0,230 18,804
ES1GO Papilionoidea Hesperiidae Hesperiinae Megathymus ursus violae D. Stallings and Turner, 1956 KY630502 Cc 15396 -0,008 80,508 -0,246 19,492
ES1GO Papilionoidea Hesperiidae Hesperiinae Megathymus yuccae (Boisduval & Leconte, 1837) KY630500 C 15477 -0,003 80,474 -0,244 19,229
MIQGO Papilionoidea Hesperiidae Hesperiinae Notocrypta curvifascia (Felder & Felder, 1862) MH763665 C 15546 -0,024 80,747 -0,228 19,253
MIQGO Papilionoidea Hesperiidae Hesperiinae Ochlodes sylvanus (Esper, 1777) FR990152 Cc 17059 -0,009 82,889 -0,207 17,111 new annotation
MIQGO Papilionoidea Hesperiidae Hesperiinae Ochlodes thibetana (Oberthur, 1886) MNO013004 C 15773 -0,022 82,064 -0,203 17,936 new annotation
MIQGO Papilionoidea Hesperiidae Hesperiinae Ochlodes venata (Bremer & Grey, 1853) HM243593 C 15622 -0,010 81,993 -0,183 18,007
MIQGO Papilionoidea Hesperiidae Hesperiinae Parnara guttata (Bremer & Grey, 1852) JX101619 C 15441 -0,010 80,636 -0,218 19,364
MIQGO Papilionoidea Hesperiidae Hesperiinae Pelopidas mathias (Fabricius, 1798) MW264491 C 15524 -0,009 80,901 -0,213 19,099
MIQGO Papilionoidea Hesperiidae Hesperiinae Polytremis jigongi J.Q. Zhu , Z.B. Chen & L.Z. Li, 2012 KP765762 Cc 15353 -0,016 80,942 -0,204 19,058
MIQGO Papilionoidea Hesperiidae Hesperiinae Polytremis nascens (Leech, 1893) KM981865 C 15392 -0,012 80,353 -0,213 19,647
MIQGO Papilionoidea Hesperiidae Hesperiinae Potanthus flavus (Murray, 1875) KJ629167 C 15267 -0,017 80,651 -0,217 19,349
MIQGO Papilionoidea Hesperiidae Heteropterinae Carterocephalus alcina Evans, 1939 MN012974 P 15747 0,004 81,330 -0,192 18,664 new annotation
MIQGO Papilionoidea Hesperiidae Heteropterinae Carterocephalus silvicola Meigen, 1829 KJ629163 C 15765 0,006 80,298 -0,205 19,702
MIQGO Papilionoidea Hesperiidae Heteropterinae Heteropterus morpheus (Pallas, 1771) KF881050 C 15750 -0,001 81,308 -0,190 18,679
MIQGO Papilionoidea Hesperiidae Heteropterinae Leptalina unicolor Bremer & Grey, 1853 MK265705 C 15854 0,016 81,241 -0,213 18,759
MIQGO Papilionoidea Hesperiidae Malazinae Malaza carmides (Hewitson, 1868) MN919191 c 15380 0,005 79,870 -0,250 19,863
MIQGO Papilionoidea Hesperiidae Malazinae Malaza empyreus (Mabille, 1878) MN919190 C 16103 0,004 80,997 -0,229 19,003
MIQGO Papilionoidea Hesperiidae Malazinae Malaza fastuosus (Mabille, 1884) MK301537 C 15579 0,005 80,358 -0,235 19,391
MIQGO Papilionoidea Hesperiidae Pyrginae Ephyriades brunnea brunnea (Herrich-Schéffer, 1865) SRR7174465 C 15645 -0,008 80,262 -0,196 18,498 de novo assembly
S1NGO Papilionoidea Hesperiidae Pyrginae Erynnis brizo brizo (Boisduval & LeConte, [1837]) SRR7174469 C 15644 0,001 82,012 -0,178 17,988 de novo assembly
S1NGO Papilionoidea Hesperiidae Pyrginae Erynnis montanus (Bremer, 1861) MN012984 C 15477 -0,002 81,747 -0,183 18,253 new annotation
S1NGO Papilionoidea Hesperiidae Pyrginae Erynnis montanus (Bremer, 1861) KC659955 C 15530 -0,001 81,758 -0,180 18,242
S1NGO Papilionoidea Hesperiidae Pyrginae Erynnis popoviana Nordmann, 1851 MZ221165 C 15559 -0,003 81,798 -0,168 18,202 new annotation
S1NGO Papilionoidea Hesperiidae Pyrginae Erynnis tages (Linnaeus, 1758) LR990102 C 15507 -0,003 82,195 -0,178 17,805 new annotation
MIQGO Papilionoidea Hesperiidae Pyrginae Gesta gesta (Herrich-Schaffer, 1863) SRR7174466 P 15393 -0,007 81,043 -0,190 18,957 de novo assembly
MIQGO Papilionoidea Hesperiidae Pyrginae Pyrgus maculatus (Bremer & Grey, 1853) MN013011 c 15366 -0,005 80,620 -0,216 19,380 new annotation
MIQGO Papilionoidea Hesperiidae Pyrginae Pyrgus maculatus (Bremer & Grey, 1853) KP689265 C 15346 -0,003 80,679 -0,216 19,321
MIQGO  Papilionoidea  Hesperidae  Pyrginae Pyrgus malvae (Linnaeus, 1758) BK013352 C 15380  -0,009 81,671 -0,190 18,329
MIQGO Papilionoidea Hesperiidae Tagiadinae Abraximorpha davidii Mabille, 1876 MT371044 C 15469 -0,015 81,544 -0,211 18,456
MIQGO Papilionoidea Hesperiidae Tagiadinae Celaenorrhinus maculosa (C. & R. Felder, [1867]) KF543077 c 15282 0,001 79,872 -0,230 20,128
MIQGO Papilionoidea Hesperiidae Tagiadinae Daimio tethys (Ménétries, 1857) KJ629165 C 15350 -0,003 79,277 -0,239 20,723
MIQGO Papilionoidea Hesperiidae Tagiadinae Daimio tethys (Ménétries, 1857) KJ813807 C 15341 -0,002 79,154 -0,244 20,846
2S1EGO Papilionoidea Hesperiidae Tagiadinae Tagiades vajuna Fruhstorfer,1910 KX865091 C 15359 -0,021 79,706 -0,220 20,294
MiQGo Papilionoidea Hesperiidae Trapezitinae Rachelia extrusus C. & R. Felder, 1867 MN919192 C 16114 -0,016 80,681 -0,247 18,977
MIQGO Papilionoidea Lycaenidae Aphnaeinae Spindasis takanonis (Matsumura, 1906) HQ184266 Cc 15349 0,004 82,351 -0,214 17,649
MIQGO  Papilionoidea Lycaenidae Curetinae Curetis bulis Westwood, [1851] JX262888 C 15162  -0,040 81,381 -0,175 18,619
251GO Papilionoidea Lycaenidae Lycaeninae Heliophorus eventa Fruhstorfer 1918 MN012991 P 15531 0,005 80,175 -0,228 19,825 new annotation
2s1Go Papilionoidea Lycaenidae Lycaeninae Lycaena li (Oberthiir, 1886) MN012993 C 15420 -0,015 81,291 -0,197 18,696 new annotation
MIQGO*  Papilionoidea Lycaenidae Lycaeninae Lycaena phlaeas (Linnaeus, 1761) HG995187 C 16221 -0,028 82,819 -0,168 17,181 new annotation
MIQGO* Papilionoidea Lycaenidae Lycaeninae Lycaena phlaeas (Linnaeus, 1761) JX262887 C 15280 -0,033 82,356 -0,165 17,644
251GO Papilionoidea Lycaenidae Polyommatinae Avricia agestis (Denis & Schiffermiiller, 1775) LR990279 C 15467 -0,004 82,117 -0,174 17,883 new annotation
251GO Papilionoidea Lycaenidae Polyommatinae Celastrina argiolus (Linné, 1758) LR994603 Cc 15337 -0,002 82,011 -0,166 17,989 new annotation
MIQGO*  Papilionoidea Lycaenidae Polyommatinae Cupido argiades (Pallas, 1771) KC310728 c 15330  -0,011 81,807  -0,167 18,193
MIQGO* Papilionoidea Lycaenidae Polyommatinae Cyaniris semiargus (Rottemburg, 1775) LR994570 C 15275 -0,007 81,663 -0,175 18,337 new annotation
MIQGO* Papilionoidea Lycaenidae Polyommatinae Glaucopsyche alexis Poda, 1761 FR990065 C 15228 -0,010 82,690 -0,161 17,310 new annotation
2s1Go Papilionoidea Lycaenidae Polyommatinae Lysandra bellargus (Rottemburg, 1775) HG995365 C 15577 0,009 80,908 -0,190 19,092 new annotation
2s1Go Papilionoidea Lycaenidae Polyommatinae Lysandra coridon (Poda, 1761) HG992145 C 15437 0,007 80,793 -0,197 19,207 new annotation
251GO Papilionoidea Lycaenidae Polyommatinae Plebejus argus (Linnaeus, 1758) FR989949 C 15467 -0,008 81,748 -0,173 18,252 new annotation
251GO Papilionoidea Lycaenidae Polyommatinae Plebejus argus (Linnaeus, 1758) MN974526 c 15426  -0,006 82,128 -0,168 17,872
MIQGO* Papilionoidea Lycaenidae Polyommatinae Shijimiaeoides divina (Fixsen, 1887) KT897723 Cc 15259 -0,005 82,450 -0,174 17,544
251GO Papilionoidea Lycaenidae Theclinae Ahlbergia circe (Leech, 1893) MNO012968 Cc 15452 -0,040 82,701 -0,155 17,292 new annotation
251GO Papilionoidea Lycaenidae Theclinae Coreana raphaelis (Oberthiir 1880) DQ102703 C 15314 -0,047 82,663 -0,158 17,337
251GO Papilionoidea Lycaenidae Theclinae Favonius orientalis (Murray, 1875) MNO012986 C 15390 -0,036 81,683 -0,179 18,317 new annotation
251GO Papilionoidea Lycaenidae Theclinae Howarthia caelestis Leech, 1890 MNO012990 C 15383 -0,037 81,811 -0,180 18,189 new annotation
MIQGO* Papilionoidea Lycaenidae Theclinae Japonica lutea (Hewitson, 1865) KM655768 C 15225 -0,043 82,010 -0,159 17,990
MIQGO* Papilionoidea Lycaenidae Theclinae Protantigius superans (Oberthur, 1914) HQ184265 C 15248 -0,036 81,683 -0,174 18,317
251GO Papilionoidea Lycaenidae Theclinae Quercusia quercus (Linnaeus, 1758) KM592971 P 15366 -0,040 81,674 -0,168 18,326
MIQGO Papilionoidea Nymphalidae Apaturinae Apatura laverna (Leech, 1893) MF444860 C 15187 -0,006 79,884 -0,216 20,116
MIQGO Papilionoidea Nymphalidae Apaturinae Apatura metis Freyer, 1829 JF801742 C 15236 -0,012 80,441 -0,211 19,559
MIQGO Papilionoidea Nymphalidae Apaturinae Chitoria ulupi (Doherty, 1889) KP284554 C 15279 -0,026 79,809 -0,228 20,191

GO  Papilionoidea Nymphalidae  Apaturinae Euripus nyctelius (Doubleday, 1845) KR020515 C 15417 -0,006 79,990  -0,222 20,010
MIQGO Papilionoidea Nymphalidae ~ Apaturinae Herona marathus (Doubleday, 1848) KT279805 C 15487 -0,007 79,951 -0,248 20,049
MIQGO Papilionoidea Nymphalidae ~ Apaturinae Hestina assimilis (Linnaeus, 1758) MN182752 C 15262 -0,013 81,136 -0,205 18,864
MIQGO Papilionoidea Nymphalidae Apaturinae Sasakia charonda (Hewitson, 1863) JX119051 C 15233 -0,007 79,905 -0,219 20,095
MIQGO Papilionoidea Nymphalidae Apaturinae Sasakia funebris (Leech, 1891) JX131328 C 15233 -0,017 81,232 -0,193 18,768
MiQGO Papilionoidea Nymphalidae  Apaturinae Timelaea maculata (Bremer & Grey, [1852]) KC572131 C 15178 -0,036 81,032 -0,196 18,968
MIQGO Papilionoidea Nymphalidae  Biblidinae Ariadne ariadne (Linnaeus, 1763) MNO012967 Cc 15149 -0,025 80,091 -0,226 19,909 new annotation
MIQGO Papilionoidea Nymphalidae Biblidinae Ariadne ariadne (Linnaeus, 1763) KF990123 C 15179 -0,028 80,071 -0,216 19,929
MIQGO Papilionoidea Nymphalidae Biblidinae Hamadryas epinome (Felder & Felder, 1867) KM378244 C 15207 -0,031 81,502 -0,189 18,498
MIQGO Papilionoidea Nymphalidae  Calinaginae Calinaga davidis Oberthur, 1879 MN012976 C 15273 -0,045 80,613 -0,208 19,361 new annotation
MIQGO Papilionoidea Nymphalidae  Calinaginae Calinaga davidis Oberthar, 1879 HQ658143 C 15267 -0,044 80,455 -0,201 19,545
MIQGO Papilionoidea Nymphalidae Charaxinae Polyura arja C. Felder & R. Felder, 1867 KF590540 C 15363 -0,036 81,345 -0,188 18,655
MIQGO Papilionoidea Nymphalidae Charaxinae Polyura athamas (Drury) 1773 MNO013006 C 15404 -0,033 81,174 -0,196 18,826
MIQGO Papilionoidea Nymphalidae ~ Charaxinae Polyura nepenthes (Grose-Smith, 1883) MN013013 Cc 15310 -0,033 80,745 -0,204 19,242 new annotation
MIQGO Papilionoidea Nymphalidae Charaxinae Polyura nepenthes (Grose-Smith, 1883) KF990128 Cc 15333 -0,033 80,793 -0,199 19,207
MIQGO Papilionoidea Nymphalidae Cyrestinae Cyrestis thyodamas Boisduval, 1836 MNO012979 C 15249 -0,017 81,048 -0,188 18,952 new annotation
MIQGO Papilionoidea Nymphalidae Cyrestinae Cyrestis thyodamas Boisduval, 1836 KF990125 C 15254 -0,016 81,008 -0,188 18,992
MIQGO Papilionoidea Nymphalidae ~ Cyrestinae Dichorragia nesimachus (Doyere, 1840) KF590541 C 15355 -0,029 81,420 -0,188 18,333
MIQGO Papilionoidea Nymphalidae ~ Danainae Danaus chrysippus (Linnaeus, 1758) KF690637 C 15236 -0,031 80,369 -0,238 19,631
MIQGO Papilionoidea Nymphalidae Danainae Danaus genutia (Cramer, [1779]) MN012982 C 15247 -0,040 81,229 -0,203 18,771 new annotation
MIQGO Papilionoidea Nymphalidae  Danainae Danaus gilippus (Cramer, 1779) LR743664 C 15237 -0,033 79,937 -0,234 20,056 new annotation
MIQGO Papilionoidea Nymphalidae Danainae Danaus gilippus (Cramer, 1779) LR743665 P 14869 -0,030 79,595 -0,233 20,405 new annotation
MIQGO Papilionoidea Nymphalidae Danainae Danaus plexippus (Linnaeus, 1758) KC836923 C 15314 -0,048 81,363 -0,205 18,637
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Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae

SUBFAMILY
Danainae
Danainae
Danainae
Danainae
Danainae
Danainae
Danainae
Danainae
Danainae
Danainae
Heliconiinae
Heliconiinae
Heliconiinae
Heliconiinae
Heliconiinae
Heliconiinae
Heliconiinae
Heliconiinae
Heliconiinae
Heliconiinae
Heliconiinae
Heliconiinae
Heliconiinae
Heliconiinae
Heliconiinae
Heliconiinae
Heliconiinae
Heliconiinae
Heliconiinae
Heliconiinae
Heliconiinae
Heliconiinae
Heliconiinae
Heliconiinae
Heliconiinae
Heliconiinae
Heliconiinae
Heliconiinae
Heliconiinae
Heliconiinae
Heliconiinae
Heliconiinae
Heliconiinae
Heliconiinae
Heliconiinae
Heliconiinae
Heliconiinae
Heliconiinae
Libytheinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae
Limenitidinae

SPECIES

Euploea core (Cramer, 1780)

Euploea midamus (Linnaeus, 1758)
Euploea mulciber (Cramer, 1777)

Idea leuconoe Erichson, 1834

Idea leuconoe Erichson, 1834

Ideopsis similis (Linnaeus, 1758)

Parantica aglea (Stoll, 1782)

Parantica aglea aglea (Stoll, 1782)
Parantica sita (Kollar, 1844)

Parantica sita (Kollar, 1844)

Acraea (Acraea) zetes (Linnaeus, 1758)
Acraea (Alacria) parrhasia (Fabricius, 1793)
Acraea (Alacria) penelope Staudinger, 1896
Acraea (Alacria) perenna Doubleday, 1847

Acraea (Bematistes) alcinoe C. Felder & R. Felder, 1865

Acraea (Bematistes) epaea (Cramer, 1779)
Acraea (Bematistes) poggei Dewitz, 1879

Acraea (Bematistes) vestalis C. Felder & R. Felder, 1865

(

(

(

(

(

(

(

Acraea (Rubraea) egina (Cramer, 1775)
Acraea (Stephenia) rogersi Hewitson, 1873
Acraea (Telchinia) acerata Hewitson, 1874
Acraea (Telchinia) bonasia (Fabricius, 1775)
Acraea (Telchinia) circeis (Drury, 1782)
Acraea (Telchinia) jodutta (Fabricius, 1793)
Acraea (Telchinia) kalinzu Carpenter, 1936
Acraea (Telchinia) lycoa Godart, 1819
Acraea (Telchinia) pharsalus Ward, 1871
Acraea (Telchinia) polis Pierre, 1999
Acraea (Telchinia) serena (Fabricius, 1775)
Argynnis childreni Gray, 1831

Argynnis hyperbius (Linnaeus, 1763)
Argynnis hyperbius (Linnaeus, 1763)
Argynnis paphia (Linnaeus, 1758)
Boloria selene (Schiffermuller, 1775)
Cethosia biblis (Drury, 1773)

Cethosia biblis (Drury, 1773)

Cethosia cyane (Drury, 1773)

Damora sagana (Doubleday, 1847)
Fabriciana adippe (Schiffermuller, 1775)
Fabriciana nerippe (Felder & Felder, 1862)
Heliconius cydno (Doubleday 1847)
Heliconius hecale (Fabricius, 1776)
Heliconius ismenius Latreille, [1817]
Heliconius melpomene (Linnaeus, 1758)
Heliconius pachinus Salvin, 1871
Heliconius sara (Fabricius, 1793)

Issoria eugenia (Eversmann, 1847)
Issoria lathonia (Linnaeus, 1758)
Libythea celtis (Laicharting, 1782)
Abrota ganga Moore, 1857

Adelpha bredowii Geyer, 1837

Adelpha ethelda (Hewitson, 1867)
Adelpha iphiclus (Linnaeus, 1758)
Athyma asura Moore, 1858

Athyma cama Moore, 1858

Athyma disjuncta Leech, 1890

Athyma fortuna Leech, 1889

Athyma jina Moore, 1858

Athyma kanwa Moore, 1858

Athyma kasa Moore, 1858

Athyma libnites (Hewitson, 1859)
Athyma nefte (Cramer, 1780)

Athyma opalina (Kollar, 1844)

Athyma perius (Linnaeus, 1758)

Athyma pravara Moore, 1857

Athyma punctata Leech, 1890

Athyma ranga Moore, 1857

Athyma recurva Leech, 1893

Athyma selenophora (Kollar, 1844)
Athyma selenophora (Kollar, 1844)
Athyma sulpitia (Cramer, 1779)

Auzakia danava (Moore, [1858])
Bhagadatta austenia (Moore, 1872)
Chalinga pratti (Leech, 1890)

Dophla evelina (Stoll, 1790)

Euthalia irrubescens Grose-Smith, 1893
Lelecella limenitoides Oberthiir, 1890
Lexias dirtea Fabricius, 1793

Limenitis amphyssa Ménétriés, 1859
Limenitis archippus (Cramer, 1776)
Limenitis arthemis (Drury, 1773)
Limenitis camilla (Linnaeus, 1764)
Limenitis camilla (Linnaeus, 1764)
Limenitis ciocolatina Poujade, 1885
Limenitis cleophas Oberthiir, 1893
Limenitis doerriesi Staudinger, 1892
Limenitis doerriesi Staudinger, 1892
Limenitis elwesi Oberthir, 1884
Limenitis glorifica Fruhstorfer, 1909
Limenitis helmanni Lederer, 1853
Limenitis lorquini (Boisduval, 1852)
Limenitis moltrechti Kardakov, 1928
Limenitis moltrechti Kardakov, 1928
Limenitis populi (Linnaeus, 1758)
Limenitis reducta Staudinger, 1901
Limenitis sydyi Lederer, 1853

Limenitis sydyi Lederer, 1853

Limenitis weidemeyerii (W.H. Edwards, 1861)

Litinga cottini (Oberthir, 1884)
Litinga mimica (Poujade, 1885)
Moduza lysanias (Hewitson, 1859)
Moduza procris (Cramer, 1777)
Neptis alwina Bremer & Grey, 1852
Neptis clinia Moore, 1872

Neptis philyra Ménétriés, 1858
Neptis soma Linnaeus, 1758
Pandita sinope Moore, 1858
Pantoporia hordonia (Stoll, 1790)
Parasarpa albomaculata (Leech, 1891)
Parasarpa dudu (Doubleday, 1848)
Parasarpa zayla (Doubleday, 1848)
Parthenos sylvia (Cramer, [1776])
Patsuia sinensium (Oberthir 1876)

GenBank

KF590546
KJ866207

HQ378507
MN012994
KR815449
KJ476729

MH388505
MN938921
KF590544
MG571524
KT371361

KT371374
KT371367
KT371369
KT371373
KT371368
KT371366
KT371375
KT371359
KT371365
KT371360
KT371364
KT371362
KT371358
KT371376
KT371370
KT371363
KT371371

KT371372
KF590547
MNO012969
JF439070

KM592975
HG998571
KF990124
KR066948
MNO012975
KY971464
FR990011

JF504707

KM208636
KM068091
KP294327
KP100653
KM014809
KP281778
MK598743
HM243590
HQ378508
KF590536
MG747642
MG747609
MG747610
KF590542
KF590526
MG747630
MG747635
MG747636
MG747619
KF590524
MG747643
MG747634
KF590551

KF590528
MG747623
MG747626
MG747640
MG747627
KF590525
KF590529
JQ347260
MG747639
KF590545
MG747613
KF590532
KF590527
MN922294
KF590531

KY569555
MG747621
MG747622
LR990255
MG747618
MG747625
MG747638
KY569552
MG747637
MG747620
MG747615
KY290566
MG747641
KY569554
MG747633
MG747632
MG747617
KY569553
KY593939
MG747614
MG747631
MG747628
MG747612
KY593938
MG457128
KM244664
KF590552
KF590533
KF590530
KF590534
MG747629
KF590537
MG747624
KF590550
KY593937

C/P

OO0O0O00000000000000000000000000000000000000000000000000000000000000000000000000000TOOOOOOOOOOO0OO0O0O00000000000000O0000O0

Size
15192
15187
15166
15182
15278
15200
15219
15214
15211
15156
15228
15261
15271
15315
15729
15712
15361
15350
15405
15274
15281
15290
15235
15272
15260
15190
15224
15254
15258
15131
15158
15156
15208
15156
15211
15286
15259
15151
15118
15140
15367
15338
15346
15327
15369
15372
15206
15172
15164
15356
15187
15350
15263
15181
15269
15198
15192
15202
15278
15230
15216
15438
15240
15277
15100
15240
15265
15189
15200
15208
15268
15367
15615
15290
15320
15365
15203
15250
15164
15220
15279
15177
15129
15214
15228
15233
15176
15214
15177
15178
15228
15178
15192
15219
15175
15200
15209
15199
15205
15183
15238
15195
15226
15189
15164
15130
15257
15603
15272
15236
15269
15249
15192

AT-skew
-0,045
-0,036
-0,038
-0,050
-0,027
-0,041
-0,035
-0,035
-0,032
-0,035
-0,053
-0,013
-0,008
-0,017
0,011
0,004
-0,011
-0,006
-0,042
-0,035
-0,019
-0,012
-0,013
-0,022
-0,006
-0,021
-0,023
-0,001
-0,016
-0,021
-0,025
-0,025
-0,033
-0,011
-0,067
-0,067
-0,077
-0,030
-0,025
-0,027
-0,035
-0,033
-0,029
-0,037
-0,035
-0,024
-0,032
-0,031
-0,017
-0,048
-0,035
-0,037
-0,042
-0,033
-0,047
-0,034
-0,037
-0,032
-0,048
-0,041
-0,044
-0,049
-0,026
-0,037
-0,049
-0,044
-0,039
-0,033
-0,035
-0,035
-0,047
-0,057
-0,024
-0,047
-0,039
-0,042
-0,025
-0,046
-0,036
-0,034
-0,027
-0,041
-0,041
-0,020
-0,023
-0,043
-0,040
-0,045
-0,040
-0,043
-0,033
-0,036
-0,035
-0,039
-0,020
-0,038
-0,037
-0,034
-0,025
-0,031
-0,039
-0,048
-0,041
-0,031
-0,035
-0,024
-0,044
-0,036
-0,033
-0,031
-0,039
-0,039
-0,037

AT%
81,734
80,878
81,426
80,740
80,456
81,559
79,578
79,578
80,488
80,496
81,330
77,400
76,976
77,049
77,125
79,213
80,001
79,661
80,221
80,778
79,707
78,764
77,217
78,195
76,802
77,762
79,020
76,013
79,467
80,041
80,782
80,813
81,003
80,984
79,837
80,211
80,123
81,011
80,579
80,905
81,363
81,627
81,200
81,660
81,222
80,634
81,501
81,169
81,205
81,206
79,937
79,844
80,541
81,082
80,562
81,123
80,299
80,812
80,848
80,289
80,724
80,762
80,138
79,636
80,974
80,131
80,832
80,980
81,309
81,293
81,949
80,640
79,148
81,550
80,979
81,028
81,556
81,357
80,975
80,926
80,136
80,694
80,646
79,953
80,556
81,133
80,957
81,156
80,886
81,084
80,713
80,814
80,799
80,932
80,442
81,184
81,228
80,722
80,283
80,696
80,765
80,684
81,197
80,071
80,117
79,960
81,438
80,702
80,991
81,065
80,359
81,074
81,240

GC-skew
-0,187
-0,213
-0,209
-0,229
-0,232
-0,210
-0,241
-0,244
-0,234
-0,233
-0,190
-0,255
-0,269
-0,220
-0,326
-0,286
-0,280
-0,303
-0,214
-0,215
-0,223
-0,215
-0,258
-0,211
-0,261
-0,216
-0,224
-0,233
-0,205
-0,231
-0,219
-0,215
-0,200
-0,228
-0,221
-0,200
-0,212
-0,202
-0,223
-0,210
-0,184
-0,188
-0,200
-0,186
-0,182
-0,196
-0,197
-0,188
-0,184
-0,182
-0,207
-0,203
-0,180
-0,201
-0,198
-0,209
-0,213
-0,219
-0,188
-0,206
-0,197
-0,189
-0,225
-0,206
-0,186
-0,219
-0,202
-0,222
-0,185
-0,180
-0,176
-0,202
-0,228
-0,195
-0,211
-0,184
-0,184
-0,181
-0,201
-0,189
-0,218
-0,212
-0,213
-0,241
-0,239
-0,192
-0,209
-0,200
-0,205
-0,193
-0,203
-0,217
-0,217
-0,201
-0,232
-0,199
-0,201
-0,197
-0,226
-0,225
-0,192
-0,197
-0,183
-0,200
-0,197
-0,214
-0,186
-0,198
-0,215
-0,214
-0,222
-0,198
-0,204

GC%
18,253
19,122
18,574
19,260
19,538
18,434
20,422
20,422
19,512
19,504
18,670
22,600
23,024
22,951
22,875
20,787
19,999
20,339
19,779
19,222
20,293
21,236
22,783
21,805
23,198
22,238
20,980
23,981
20,533
19,939
19,211
19,187
18,339
19,016
20,163
19,776
19,837
18,989
19,421
19,095
18,637
18,373
18,800
18,340
18,778
19,366
18,499
18,824
18,795
18,794
20,063
20,130
19,459
18,885
19,425
18,877
19,701
19,169
19,139
19,711
19,223
19,161
19,856
19,840
18,947
19,869
19,168
19,014
18,691
18,707
18,051
19,334
20,781
18,443
19,014
18,633
18,444
18,643
19,025
19,074
19,864
19,306
19,347
20,047
19,444
18,867
19,037
18,838
19,088
18,916
19,287
19,186
19,194
19,068
19,539
18,816
18,772
19,278
19,711
19,304
19,235
19,316
18,803
19,751
19,843
20,033
18,562
19,298
19,009
18,929
19,641
18,919
18,760

NOTE

new annotation

new annotation
new annotation

new annotation

new annotation

new annotation



(c]o) SUPERFAMILY FAMILY SUBFAMILY SPECIES GenBank C/P Size AT-skew AT% GC-skew GC% NOTE

MIQGO  Papilionoidea Nymphalidae  Limenitidinae Phaedyma columella (Cramer, [1780]) KY593936 c 15197 -0,031 80,312 -0,204 19,688
MIQGO  Papilionoidea Nymphalidae  Limenitidinae Sumalia zulema (Doubleday, 1848) MG747611 C 15297 -0,032 79,996  -0,237 20,004
MIQGO Papilionoidea Nymphalidae Limenitidinae Tacola eulimene (Godart, 1824) MG747616 C 15669 -0,037 78,269 -0,231 21,731
MIQGO Papilionoidea Nymphalidae  Limenitidinae Tacola larymna (Doubleday, [1848]) MG747644 C 15503 -0,045 79,978 -0,234 20,015
MIQGO Papilionoidea Nymphalidae Limenitidinae Tanaecia julii Lesson, 1837 KF590548 Cc 15316 -0,043 81,209 -0,178 18,686
MIQGO Papilionoidea Nymphalidae Limenitidinae Tarattia gutama Moore, 1858 MG747608 Cc 15266 -0,048 81,194 -0,177 18,748
MIQGO Papilionoidea Nymphalidae Nymphalinae Aglais ladakensis (Moore, 1878) MN732892 C 15222 -0,008 80,535 -0,221 19,465
MIQGO Papilionoidea Nymphalidae ~ Nymphalinae Aglais urticae (Linnaeus, 1758) LR990014 C 15196 -0,006 80,482 -0,213 19,518 new annotation
MIQGO Papilionoidea Nymphalidae Nymphalinae Anartia jatrophae saturata Staudinger, 1885 MT712074 C 15297 -0,040 81,382 -0,192 18,618
MIQGO Papilionoidea Nymphalidae Nymphalinae Araschnia levana (Linnaeus, 1758) MT712075 C 15207 -0,009 81,647 -0,190 18,353
MIQGO Papilionoidea Nymphalidae ~ Nymphalinae Baeotus beotus (Doubleday, 1849) MW566598 C 15131 -0,010 80,457 -0,215 19,543
MIQGO Papilionoidea Nymphalidae ~ Nymphalinae Doleschallia melana Staudinger, 1886 MT704829 C 15269 0,006 80,018 -0,237 19,982
MIQGO Papilionoidea Nymphalidae ~ Nymphalinae Hypolimnas bolina (Linnaeus, 1758) KF990127 c 15260 0,018 79,672 -0,242 20,328
MIQGO Papilionoidea Nymphalidae  Nymphalinae Inachis io (Linnaeus, 1758) LR989926 C 15369 -0,003 80,688 -0,227 19,312 new annotation
MIQGO Papilionoidea Nymphalidae ~ Nymphalinae Inachis io (Linnaeus, 1758) KM592970 c 15250 -0,004 80,525 -0,226 19,462
MIQGO Papilionoidea Nymphalidae Nymphalinae Junonia almana (Linnaeus, 1758) KF590539 C 15256 -0,010 80,257 -0,227 19,736
MIQGO Papilionoidea Nymphalidae Nymphalinae Junonia almana (Linnaeus, 1758) KX267580 C 15232 -0,010 80,213 -0,227 19,761
MIQGO Papilionoidea Nymphalidae Nymphalinae Junonia coenia grisea Austin & J.F. Emmel, 1998 KX267578 C 15228 -0,017 80,667 -0,199 19,326
MIQGO Papilionoidea Nymphalidae ~ Nymphalinae Junonia coenia Hubner, [1822] KT380025 C 15222 -0,018 80,699 -0,198 19,301
MIQGO Papilionoidea Nymphalidae ~ Nymphalinae Junonia coenia Hubner, [1822] KX267572 C 15211 -0,016 79,456 -0,198 19,262
MIQGO Papilionoidea Nymphalidae Nymphalinae Junonia coenia Hibner, [1822] KX267579 C 15206 -0,018 80,633 -0,200 19,367
MIQGO Papilionoidea Nymphalidae Nymphalinae Junonia evarete flirtea (Fabricius, 1793) KX267569 C 15121 -0,017 80,597 -0,198 19,403
MIQGO Papilionoidea Nymphalidae Nymphalinae Junonia evarete zonalis C. Felder & R. Felder, [1867] KX267573 C 15240 -0,019 80,709 -0,197 19,291
MIQGO Papilionoidea Nymphalidae ~ Nymphalinae Junonia genoveva hilaris C. & R. Felder, [1867] KX267570 C 15224 -0,016 80,748 -0,201 19,233
MIQGO Papilionoidea Nymphalidae Nymphalinae Junonia genoveva hilaris C. & R. Felder, [1867] KX267571 C 15238 -0,017 80,883 -0,204 19,117
MIQGO  Papilionoidea ~ Nymphalidae ~ Nymphalinae Junonia iphita (Cramer, 1779) KU577289 P 14957 -0,001 79902  -0,215 20,004
MIQGO Papilionoidea Nymphalidae ~ Nymphalinae Junonia iphita (Cramer, 1779) KU577290 C 15190 -0,019 80,619 -0,198 19,335
MIQGO Papilionoidea Nymphalidae ~ Nymphalinae Junonia lemonias (Linnaeus, 1758) KP941756 C 15230 -0,009 80,374 -0,224 19,606
MIQGO Papilionoidea Nymphalidae Nymphalinae Junonia orithya (Linnaeus, 1758) KF199862 C 15214 -0,016 80,380 -0,180 19,620
MIQGO Papilionoidea Nymphalidae Nymphalinae Junonia orithya madagascariensis Guenée, 1865 KX267581 C 15231 -0,018 80,664 -0,199 19,322
MIQGO Papilionoidea Nymphalidae Nymphalinae Junonia rhadama (Boisduval, 1833) KX423732 P 15208 -0,017 79,964 -0,213 19,509
MIQGO Papilionoidea Nymphalidae Nymphalinae Junonia stygia (Aurivillius, 1894) MN623383 C 15233 -0,001 79,354 -0,248 20,442
MIQGO Papilionoidea Nymphalidae Nymphalinae Junonia vestina C. & R. Felder, [1867] KX267577 C 15224 -0,019 81,102 -0,193 18,891
MIQGO Papilionoidea Nymphalidae Nymphalinae Kallima inachus (Doyére, 1840) MNO012995 C 15172 -0,013 80,616 -0,212 19,384 new annotation
MIQGO Papilionoidea Nymphalidae ~ Nymphalinae Kallima inachus (Doyére, 1840) HM243591 C 15150 -0,012 80,601 -0,213 19,399
MIQGO Papilionoidea Nymphalidae Nymphalinae Kallima inachus (Doyere, 1840) JN857943 C 15183 -0,013 80,300 -0,212 19,700
MIQGO Papilionoidea Nymphalidae ~ Nymphalinae Kallima paralekta (Horsfield, [1829]) MW192438 C 15200 -0,002 79,533 -0,241 20,467
MIQGO Papilionoidea Nymphalidae ~ Nymphalinae Kallimoides rumia (Westwood, 1850) MT704827 c 15234  -0,007 80,898 -0,217 19,102
MIQGO Papilionoidea Nymphalidae ~ Nymphalinae Mallika jacksoni (Sharpe, 1896) MT704828 c 15193 -0,015 79,385 -0,227 20,615
MIQGO Papilionoidea Nymphalidae Nymphalinae Melitaea athalia (Rottemburg, 1775) HG992208 C 15157 -0,020 80,326 -0,216 19,674 new annotation
MIQGO Papilionoidea Nymphalidae Nymphalinae Melitaea cinxia (Linnaeus, 1758) HG992240 C 15173 0,006 79,826 -0,251 20,174 new annotation
MIQGO Papilionoidea Nymphalidae Nymphalinae Melitaea cinxia (Linnaeus, 1758) CMO002851 C 15171 0,004 79,810 -0,243 20,190
MIQGO Papilionoidea Nymphalidae ~ Nymphalinae Melitaea cinxia (Linnaeus, 1758) GQ398377 C 15170 0,007 80,013 -0,245 19,987
MIQGO Papilionoidea Nymphalidae ~ Nymphalinae Melitaea cinxia (Linnaeus, 1758) HM243592 C 15162 0,009 79,963 -0,247 20,037
MIQGO Papilionoidea Nymphalidae ~ Nymphalinae Melitaea yuenty Oberthiir, 1886 MN013001 C 15149 0,006 79,695 -0,246 20,305 new annotation
MIQGO Papilionoidea Nymphalidae ~ Nymphalinae Mellicta ambigua (Ménétriés, 1859) MK252271 C 15205 -0,019 80,572 -0,219 19,428
MIQGO Papilionoidea Nymphalidae ~ Nymphalinae Nymphalis polychloros (Linnaeus, 1758) HG992273 C 15249 0,007 79,730 -0,245 20,270 new annotation
MIQGO Papilionoidea Nymphalidae ~ Nymphalinae Polygonia ¢ aureum (Linnaeus, 1758) MT654530 C 15202 -0,006 80,614 -0,231 19,386 new annotation
MIQGO  Papilionoidea ~ Nymphalidae ~ Nymphalinae Polygonia c aureum (Linnaeus, 1758) KX096653 C 15208  -0,006 80,635  -0,231 19,365
MIQGO  Papilionoidea ~ Nymphalidae ~ Nymphalinae Polygonia c-aureum (Linnaeus, 1758) MF407452 C 15209  -0,006 80,604  -0,230 19,396
MIQGO Papilionoidea Nymphalidae ~ Nymphalinae Protogoniomorpha anacardii duprei (Vinson, 1863) MT702382 C 15220 0,002 80,033 -0,233 19,967
MIQGO Papilionoidea Nymphalidae ~ Nymphalinae Vanessa atalanta (Linnaeus, 1758) LR990581 C 15240 -0,001 80,400 -0,226 19,600 new annotation
MIQGO Papilionoidea Nymphalidae Nymphalinae Vanessa cardui (Linnaeus, 1758) LR999956 C 15303 -0,022 81,036 -0,192 18,964 new annotation
MIQGO Papilionoidea Nymphalidae Nymphalinae Vanessa indica (Herbst, 1794) MG736927 C 15191 0,002 80,074 -0,234 19,926
MIQGO Papilionoidea Nymphalidae Nymphalinae Yoma sabina (Cramer, 1780) KF590535 C 15191 0,002 80,074 -0,188 18,801
MIQGO Papilionoidea Nymphalidae Satyrinae Callerebia suroia Tytler, 1914 KF906483 Cc 15208 -0,042 79,484 -0,223 20,516
MIQGO  Papilionoidea Nymphalidae  Satyrinae Coenonympha amaryllis (Stoll, 1782) MN756798 C 15125 0,039 79425  -0,226 20,575
MiQGo Papilionoidea Nymphalidae ~ Satyrinae Davidina armandi Oberthir, 1879 KF881046 C 15214 -0,023 79,696 -0,241 20,304
MIQGO Papilionoidea Nymphalidae ~ Satyrinae Elymnias hypermnestra (Linnaeus, 1763) KF906484 C 15167 -0,044 80,458 -0,200 19,542
MIQGO Papilionoidea Nymphalidae  Satyrinae Faunis aerope (Leech, 1890) MNO012985 C 16381 -0,056 80,838 -0,214 19,150 new annotation
MIQGO Papilionoidea Nymphalidae Satyrinae Hipparchia autonoe (Esper, 1783) MT090762 C 15300 -0,017 78,876 -0,239 21,124
MIQGO  Papilionoidea Nymphalidae  Satyrinae Hipparchia autonoe (Esper, 1784) GQ868707 C 15489  -0,016 79,088  -0,243 20,912
MIQGO Papilionoidea Nymphalidae Satyrinae Lasiommata deidamia (Eversmann, 1851) MG880214 C 15244 -0,034 81,120 -0,194 18,880
MIQGO Papilionoidea Nymphalidae Satyrinae Lasiommata majuscula (Leech, 1892) MNO012997 C 15263 -0,038 81,629 -0,190 18,371 new annotation
MIQGO Papilionoidea Nymphalidae Satyrinae Lethe albolineata (Poujade, 1884) KF881051 C 15248 -0,034 79,164 -0,240 20,836
MIQGO Papilionoidea Nymphalidae  Satyrinae Lethe baileyi South, 1913 MN611526 C 15225 -0,023 79,074 -0,238 20,926
MIQGO Papilionoidea Nymphalidae  Satyrinae Lethe baucis Leech, 1891 MN611527 C 15251 -0,031 78,736 -0,248 21,264
MIQGO Papilionoidea Nymphalidae  Satyrinae Lethe confusa Aurivillius, 1897 MT654529 P 14945 -0,056 80,422 -0,201 19,578 new annotation
MIQGO Papilionoidea Nymphalidae Satyrinae Lethe dura Marshall 1882 KF906485 C 15259 -0,035 79,265 -0,243 20,735
MIQGO Papilionoidea Nymphalidae  Satyrinae Lethe hayashii Koiwaya, 1993 MN611528 C 15246  -0,036 79,070 -0,235 20,930
MIQGO Papilionoidea Nymphalidae Satyrinae Lethe helle Leech, 1891 MN611529 Cc 15253 -0,019 78,588 -0,258 21,412
MIQGO Papilionoidea Nymphalidae Satyrinae Lethe marginalis Motschulsky, 1860 MN611530 C 15229 -0,042 80,189 -0,231 19,811
MIQGO Papilionoidea Nymphalidae Satyrinae Lethe nigrifascia Leech, 1890 MN611531 C 15239 -0,023 79,316 -0,244 20,684
MIQGO Papilionoidea Nymphalidae Satyrinae Lethe oculatissima (Poujade, 1885) MN611532 C 15243 -0,037 79,276 -0,233 20,724
MIQGO Papilionoidea Nymphalidae  Satyrinae Lethe satyrina Butler, 1871 MNG611533 C 15271 -0,041 78,764 -0,218 21,236
MIQGO Papilionoidea Nymphalidae  Satyrinae Lethe syrcis Hewitson, 1863 MN611534 C 15252 -0,038 79,144 -0,245 20,856
MIQGO Papilionoidea Nymphalidae Satyrinae Lethe titania Leech, 1891 MN611535 C 15257 -0,028 78,469 -0,244 21,531
MIQGO Papilionoidea Nymphalidae Satyrinae Lethe uemurai (Sugiyama, 1994) MN611536 C 15272 -0,022 78,529 -0,250 21,471
MIQGO Papilionoidea Nymphalidae Satyrinae Lethe uemurai (Sugiyama, 1994) MN611537 C 15262 -0,022 78,522 -0,251 21,478
MIQGO  Papilionoidea Nymphalidae  Satyrinae Lethe verma (Kollar, 1844) MN611538 C 15239 -0,042 79270  -0,227 20,730
MIQGO Papilionoidea Nymphalidae  Satyrinae Lethe verma (Kollar, 1844) MN611539 C 15238  -0,041 79,275 -0,226 20,725
MIQGO Papilionoidea Nymphalidae Satyrinae Lopinga achine (Scopoli, 1763) ONO087695 C 15411 -0,028 79,781 -0,234 20,219 new mitogenome
MIQGO Papilionoidea Nymphalidae  Satyrinae Maniola jurtina (Linnaeus, 1758) HG995237 C 15256 -0,038 79,719 -0,234 20,281 new annotation
MIQGO Papilionoidea Nymphalidae  Satyrinae Melanargia asiatica (Oberthir & Houlbert, 1922) KF906486 C 15142 -0,036 79,045 -0,239 20,955
MIQGO Papilionoidea Nymphalidae  Satyrinae Melanargia caoi Lang, 2018 MNO012999 C 15469 -0,028 79,766 -0,251 20,234 new annotation
MIQGO Papilionoidea Nymphalidae Satyrinae Melanitis leda (Linnaeus, 1758) JF905446 C 15122 -0,037 79,804 -0,240 20,196
MIQGO Papilionoidea Nymphalidae Satyrinae Melanitis phedima (Cramer, 1780) KF590538 C 15142 -0,037 79,937 -0,242 20,063
MIQGO Papilionoidea Nymphalidae Satyrinae Minois dryas Scopoli, 1763 MK521433 C 15195 -0,028 80,191 -0,222 19,809
MIQGO Papilionoidea Nymphalidae Satyrinae Mycalesis intermedia Moore, 1892 MN610565 C 15386 -0,029 80,859 -0,235 19,141
MIQGO Papilionoidea Nymphalidae Satyrinae Mycalesis mineus (Linnaeus, 1758) KM244676 C 15267 -0,030 80,795 -0,231 19,205
MIQGO Papilionoidea Nymphalidae Satyrinae Neope pulaha (Moore, [1858]) KF590543 C 15209 -0,039 79,151 -0,236 20,718
MIQGO Papilionoidea Nymphalidae  Satyrinae Ninguta schrenckii (Ménétriés, 1859) KF881052 C 15261 -0,053 80,159 -0,226 19,822
MIQGO Papilionoidea Nymphalidae Satyrinae Oeneis urda (Eversmann, 1847) MN917147 C 15248 -0,022 79,958 -0,214 20,042
MIQGO Papilionoidea Nymphalidae Satyrinae Pararge aegeria (Linnaeus, 1758) KJ547676 C 15240 -0,034 80,459 -0,212 19,541
MIQGO Papilionoidea Nymphalidae Satyrinae Pararge aegeria Linnaeus, 1758 LR990920 C 15237 -0,034 80,495 -0,213 19,505 new annotation
MIQGO Papilionoidea Nymphalidae Satyrinae Ypthima akragas Fruhstorfer, 1911 KF590553 C 15227 -0,054 81,861 -0,194 18,113
MIQGO Papilionoidea Nymphalidae Satyrinae Ypthima baldus (Fabricius, 1775) MN708051 C 15304 -0,045 80,809 -0,217 19,185
MIQGO Papilionoidea Nymphalidae Satyrinae Ypthima motschulskyi (Bremer & Grey, 1852) MN242788 C 15232 -0,051 81,847 -0,207 18,153
MIQGO Papilionoidea Papilionidae Baroniinae Baronia brevicornis Bryk, 1913 LT999970 P 14918 0,003 80,111 -0,181 18,789
MIQGO Papilionoidea Papilionidae Papilioninae Atrophaneura alcinous (Klug, 1836) KJ540880 C 15266 -0,048 81,082 -0,217 18,918
MIQGO Papilionoidea Papilionidae Papilioninae Atrophaneura alcinous (Klug, 1836) LT999969 C 15779 -0,056 80,164 -0,196 19,836
MIQGO Papilionoidea Papilionidae Papilioninae Atrophaneura dixoni (Grose-Smith, 1900) LT999977 C 15238 -0,056 80,175 -0,215 19,707
MiQGO Papilionoidea Papilionidae Papilioninae Atrophaneura hedistus (Matsumura, 1910) MNO012972 C 15135 -0,058 80,866 -0,210 19,134 new annotation
MIQGO Papilionoidea Papilionidae Papilioninae Battus polydamas (Linnaeus, 1758) LS974637 C 15462 -0,013 79,091 -0,235 20,903
4QGO Papilionoidea Papilionidae Papilioninae Bhutanitis thaidina Blanchard, 1871 MNO012973 c 16044 -0,020 81,339 -0,236 18,661 new annotation
MIQGO  Papilionoidea Papilionidae  Papilioninae Euryades corethrus (Boisduval, 1836) LT999972 C 15133  -0,052 81,174  -0,204 18,826
MIQGO Papilionoidea Papilionidae Papilioninae Eurytides dolicaon (cramer, 1776) LR031513 C 15354 0,007 79,836 -0,195 20,040
MIQGO Papilionoidea Papilionidae Papilioninae Graphium androcles (Boisduval, 1836) LT999976 C 15104 -0,033 80,204 -0,204 18,922
iGO Papilionoidea Papilionidae Papilioninae Graphium antiphates (Cramer, 1775) MNO013005 P 14642 -0,019 80,208 -0,225 19,792 new annotation
MIQGO Papilionoidea Papilionidae Papilioninae Graphium chironides (Honrath, 1884) KP159289 C 15235 -0,014 80,400 -0,216 19,600
MiQGO Papilionoidea Papilionidae Papilioninae Graphium confucius Hu, Duan & Cotton, 2018 MNO013012 C 15242 0,008 79,156 -0,226 20,844 new annotation
MIQGO Papilionoidea Papilionidae Papilioninae Graphium doson (Felder & Felder, 1864) MK144328 C 15285 -0,016 80,877 -0,202 19,123
MIQGO Papilionoidea Papilionidae Papilioninae Graphium eurous asakurae (Matsumura, 1908) MW549198 C 15228 -0,010 80,391 -0,200 19,609
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SPECIES

Graphium eurypylus (Linnaeus, 1758)
Graphium leechi (Rothschild, 1895)
Graphium mullah chungianus (Murayama, 1961)
Graphium nomius (Esper, 1793)

Graphium parus (de Nicéville, 1886)
Graphium sarpedon (Linnaeus, 1758)
Graphium timur (Ney, 1911)

Iphiclides podalirius (Linnaeus, 1758)
Lamproptera curius (Fabricius, 1787)
Lamproptera meges (Zinken-Sommer, 1831)
Losaria neptunus (Guérin-Méneville, 1840)
Meandrusa payeni (Boisduval, 1836)
Meandrusa sciron (Leech, 1890)
Mimoides lysithous (Hibner, [1821])
Ornithoptera priamus (Linnaeus, 1758)
Ornithoptera richmondia (Gray, [1853])
Pachliopta aristolochiae (Fabricius, 1775)
Papilio bianor Cramer, 1777

Papilio bianor Cramer, 1777

Papilio bianor Cramer, 1777

Papilio dardanus Brown, 1776

Papilio dardanus Brown, 1776

Papilio dardanus Brown, 1776

Papilio dardanus polytrophus Rothschild & Jordan, 1903

Papilio demoleus Linnaeus, 1758

Papilio demoleus Linnaeus, 1758

Papilio glaucus Linnaeus, 1758

Papilio helenus Linnaeus, 1758

Papilio helenus Linnaeus, 1758

Papilio maackii Ménétries, 1859

Papilio machaon Linnaeus, 1758

Papilio maraho (Shiraki & Sonan, 1934)
Papilio memnon Linnaeus, 1758

Papilio memnon Linnaeus, 1758

Papilio paris Linnaeus, 1758

Papilio polytes Linnaeus, 1758

Papilio protenor Cramer, 1775

Papilio protenor Cramer, 1775

Papilio rex Oberthur, 1886

Papilio slateri Hewitson, 1857

Papilio syfanius Oberthir, 1886

Papilio thoas Linnaeus, 1771

Papilio xuthus Linnaeus, 1767

Papilio xuthus Linnaeus, 1767

Papilio xuthus Linnaeus, 1767

Parides ascanius (Cramer, 1775)
Pharmacophagus antenor (Drury, 1775)
Protesilaus protesilaus (Linnaeus, 1758)
Protographium marcellus (Cramer, 1777)
Teinopalpus aureus Mell, 1923
Teinopalpus aureus Mell, 1923
Teinopalpus aureus Mell, 1923
Teinopalpus aureus Mell, 1923
Teinopalpus aureus Mell, 1923
Teinopalpus aureus Mell, 1923
Teinopalpus aureus Mell, 1923
Teinopalpus aureus Mell, 1923
Teinopalpus imperialis Hope, 1843
Teinopalpus imperialis Hope, 1843
Allancastria cerisyi Godart, 1824

Archon apollinus (Herbst, 1789)
Bhutanitis mansfieldi (Riley 1939)
Luehdorfia chinensis Leech, 1893
Luehdorfia chinensis Leech, 1893
Luehdorfia chinensis Leech, 1893
Luehdorfia japonica Leech, 1889
Luehdorfia taibai Chou, 1994

Parnassius apollo (Linnaeus, 1758)
Parnassius apollo (Linnaeus, 1758)
Parnassius apollonius (Eversmann, 1847)
Parnassius bremeri Bremer, 1864
Parnassius bremeri Bremer, 1864
Parnassius cephalus Grumm-Grshimailo, 1891
Parnassius choui Huang & Shi, 1994
Parnassius epaphus Oberthiir, 1879
Parnassius imperator Oberthir, 1883
Parnassius mercurius Grum-Grshimailo, 1891
Parnassius nomion von Waldheim, 1823
Parnassius smintheus Doubleday, [1847]
Sericinus montela Gray, 1852

Zerynthia polyxena (Denis & Schiffermuller, 1775)
Catopsilia pomona (Fabricius, 1775)
Catopsilia pomona Fabricius, 1775
Colias croceus (Geoffroy in Fourcroy, 1785)
Colias croceus (Geoffroy in Fourcroy, 1785)
Colias erate (Esper, 1805)

Colias fieldii Ménétriés, 1855

Eurema blanda Boisduval, 1836

Eurema hecabe (Linnaeus, 1758)
Eurema hecabe (Linnaeus, 1758)
Gandaca harina (Horsfield, 1829)
Gonepteryx mahaguru Gistel, 1857
Gonepteryx rhamni (Linnaeus, 1758)
Gonepteryx rhamni (Linnaeus, 1758)
Zerene cesonia (Stoll, 1790)

Leptidea morsei (Fenton, 1881)

Leptidea morsei (Fenton, 1881)

Leptidea sinapis (Linnaeus, 1758)
Anthocharis bambusarum (Oberthir, 1876)
Anthocharis cardamines (Linnaeus, 1758)
Anthocharis scolymus (Butler, 1866)
Aporia bieti (Oberthiir, 1884)

Aporia bieti (Oberthir, 1884)

Aporia crataegi (Linnaeus, 1758)

Aporia crataegi (Linnaeus, 1758)

Aporia hippia (Bremer, 1861)

Aporia intercostata O. Bang-Haas, 1927
Aporia largeteaui (Oberthur, 1881)
Aporia martineti (Oberthir, 1884)

Appias albina (Boisduval, 1836)

Appias lyncida Cramer, 1777

Appias nero (Wallace, 1867)

Appias remedios Schrdder, H & Treadaway, 1980

GenBank

MN012987
KX011066
MW549197
MNO013014
MT 198821

MNO012989
KJ472924

MK507891
KJ141168

LT999978

LT999979

MNO013000
LS975123
LT999982

LT999981

LT999980

KU950357
MNO013007
JNO019809
KC433409
KX033351

KX033352
KX033358
KX033353
MNO013008
KR024009
KR822739
MNO013010
KM244656
KC433408
LS975121

FJ810212

LD700014
MH981597
MN629008
KM014701
MNO013015
KY272622
KX033354
LT999985

KJ396621
MW548255
KT922004
KU356933
MW548256
LS974638
LS975119
LT999984

MK507890
HM563681
KP941013
KP941014
KP941015
KP941016
KP941017
KP941018
KP941019
KR018842
LS975139
LS974636
LT999971

LT999973

KM453725
KM453726
KM453727
LT999996

KC952673
ON087696
KF746065
MG252290
FJ871125

HM243588
KP100655
KY072797
KM373898
KM507326
MN728989
MF496134
LT999983

HQ259122
MK507888
MN012978
JX274649

HG991990
KM592967
KP715146
MT371042
KU160635
KF881047
KX681479
MN012988
KF881048
KC461234
MF536894
CM022631
MNO012998
JX274648

FR990201

KC465748
FR989981

MT499329
MNO012970
KX495165
JN796473
MF576059
KX495166
KC461928
MW284889
KX495167
MN643595
MK263224
MK263223
MF576060

C/P
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Size
15193
15836
15240
15113
15231
15306
15226
14914
15277
15113
14901
15249
14875
15038
14804
14763
15232
15339
15340
15332
15349
15311
15346
15084
15216
15249
15306
15352
15349
15357
15179
16094
15296
15262
15363
15256
15257
15268
15239
14821
15359
15258
15359
15359
15350
15212
15096
14964
14784
15242
15234
15234
15234
15234
15234
15235
15234
15229
15229
15279
14971
14994
16028
15580
15580
15347
15553
15352
15404
15381
15389
15390
15343
15367
15458
15424
15372
15362
15411
15243
15092
15145
15142
15183
15254
15184
15150
15123
15112
15124
15219
15221
15203
15223
15138
15688
15122
15959
15180
15204
15230
15139
15147
15140
15148
15154
15144
15143
15192
15193
15082
15099
15118

AT-skew
-0,015
-0,012
-0,009
-0,037
0,003
-0,005
-0,008
0,013
-0,008
0,006
-0,041
0,004
-0,006
-0,008
-0,040
-0,042
-0,037
-0,013
-0,015
-0,014
-0,014
-0,013
-0,007
-0,005
-0,031
-0,028
-0,006
-0,004
-0,005
-0,014
-0,026
0,006
0,007
-0,008
-0,016
-0,023
-0,016
-0,018
-0,021
-0,010
-0,020
-0,009
-0,013
-0,013
-0,013
-0,054
-0,048
-0,004
-0,007
-0,005
-0,003
-0,003
-0,004
-0,003
-0,004
-0,004
-0,004
-0,005
-0,004
-0,021
-0,020
-0,017
-0,008
-0,007
-0,007
-0,011
-0,009
-0,012
-0,016
-0,014
-0,011
-0,019
-0,012
-0,011
-0,018
-0,013
-0,014
-0,016
-0,012
-0,008
-0,024
-0,031
-0,029
-0,017
-0,017
-0,019
-0,017
-0,020
-0,027
-0,028
-0,040
-0,034
-0,027
-0,034
-0,018
-0,038
-0,040
-0,038
-0,025
-0,029
-0,032
-0,015
-0,010
-0,024
-0,024
0,001
-0,004
0,001
-0,015
-0,029
-0,037
-0,026
-0,017

AT%
80,833
81,031
80,965
80,097
79,929
80,655
80,363
80,636
80,474
80,811
80,632
80,156
79,408
80,842
79,202
79,293
81,624
80,631
80,554
80,648
79,393
80,511
79,063
78,275
80,935
80,884
80,426
80,113
80,096
80,693
80,302
80,496
79,812
79,741
80,525
81,142
80,514
80,495
79,526
80,595
80,604
80,646
80,526
80,467
80,469
79,306
80,975
81,917
78,355
79,806
79,828
79,848
79,795
79,808
79,828
79,810
79,815
79,592
79,565
80,575
81,077
81,539
81,963
81,624
81,605
81,449
81,463
81,364
81,304
81,737
81,266
81,046
81,399
81,460
81,395
81,088
81,447
81,324
80,618
80,955
80,625
81,367
81,290
81,328
80,766
81,342
80,964
80,566
80,545
80,508
81,175
80,875
80,293
80,845
80,790
80,928
80,241
81,120
80,211
80,538
80,499
80,659
80,049
81,255
81,238
79,557
80,388
79,872
80,602
79,570
80,188
78,840
80,196

GC-skew
-0,203
-0,212
-0,201
-0,207
-0,218
-0,219
-0,197
-0,184
-0,193
-0,195
-0,186
-0,237
-0,219
-0,203
-0,254
-0,246
-0,199
-0,213
-0,212
-0,213
-0,249
-0,226
-0,265
-0,272
-0,189
-0,186
-0,221
-0,249
-0,250
-0,214
-0,205
-0,262
-0,246
-0,246
-0,228
-0,208
-0,233
-0,228
-0,236
-0,208
-0,205
-0,225
-0,228
-0,226
-0,229
-0,213
-0,212
-0,173
-0,179
-0,238
-0,241
-0,241
-0,240
-0,240
-0,240
-0,241
-0,240
-0,232
-0,236
-0,205
-0,175
-0,213
-0,211
-0,208
-0,209
-0,196
-0,202
-0,194
-0,190
-0,190
-0,194
-0,194
-0,193
-0,198
-0,195
-0,207
-0,194
-0,190
-0,195
-0,223
-0,214
-0,185
-0,183
-0,199
-0,200
-0,199
-0,196
-0,242
-0,224
-0,222
-0,195
-0,198
-0,206
-0,197
-0,204
-0,205
-0,197
-0,205
-0,218
-0,217
-0,220
-0,236
-0,236
-0,219
-0,220
-0,263
-0,246
-0,260
-0,237
-0,216
-0,220
-0,236
-0,214

GC%
19,167
18,969
19,035
19,903
20,071
19,228
19,637
18,338
19,526
19,189
19,368
19,844
20,578
19,158
20,798
20,687
18,376
19,369
19,446
19,352
20,451
19,333
20,937
21,062
19,065
19,116
19,574
19,887
19,904
19,307
19,685
19,430
20,188
20,259
19,417
18,858
19,486
19,505
20,474
19,398
19,396
19,347
19,474
19,533
19,466
19,005
18,866
18,083
18,676
20,194
20,172
20,146
20,205
20,192
20,172
20,190
20,185
20,408
20,356
18,738
18,229
18,447
18,037
18,376
18,395
18,551
18,537
18,636
18,696
18,263
18,734
18,954
18,601
18,540
18,605
18,912
18,553
18,676
18,889
19,045
19,368
18,633
18,710
18,672
18,579
18,658
19,036
19,434
19,455
19,492
18,825
19,125
19,707
19,155
19,210
19,072
19,759
18,880
19,789
19,462
19,501
19,341
19,951
18,745
18,762
20,443
19,612
20,128
19,398
20,430
19,812
21,160
19,804

NOTE

new annotation

new annotation

new annotation

new annotation

new annotation

new annotation

new annotation

new annotation

new mitogenome

new annotation

new annotation

new annotation

new annotation
new annotation

new annotation

new annotation

new annotation



(c]o) SUPERFAMILY FAMILY SUBFAMILY SPECIES GenBank C/P Size AT-skew AT% GC-skew GC% NOTE

MIQGO Papilionoidea Pieridae Pierinae Baltia butleri Alphéraky, 1889 MH380204 C 15124 0,013 79,708 -0,251 20,292
MIQGO Papilionoidea Pieridae Pierinae Cepora nadina (H. Lucas, 1852) MNO012977 C 15229 -0,014 79,526 -0,236 20,474 new annotation
MIQGO Papilionoidea Pieridae Pierinae Delias hyparete (Linnaeus, 1758) JX094279 C 15186 -0,017 79,843 -0,229 20,157
MIQGO Papilionoidea Pieridae Pierinae Delias pasithoe (Linnaeus, 1767) MNO012983 C 15204 0,000 79,203 -0,264 20,797 new annotation
MIQGO Papilionoidea Pieridae Pierinae Delias pasithoe (Linnaeus, 1767) MK252291 Cc 15203 -0,001 79,195 -0,263 20,805
MIQGO Papilionoidea Pieridae Pierinae Hebomoia glaucippe (Linnaeus, 1758) MNO012992 Cc 15138 -0,034 79,647 -0,235 20,353 new annotation
MIQGO Papilionoidea Pieridae Pierinae Mesapia peloria (Hewitson, 1853) KX495168 P 15159 -0,018 81,107 -0,229 18,893
MIQGO Papilionoidea Pieridae Pierinae Pieris brassicae (Linnaeus, 1758) LR989948 C 15324 0,016 79,340 -0,226 20,660 new annotation
MIQGO Papilionoidea Pieridae Pierinae Pieris canidia (Sparrman, 1768) KP162184 C 15153 0,013 79,661 -0,226 20,339
MIQGO Papilionoidea Pieridae Pierinae Pieris melete Menetries, 1857 EUS97124 c 15140 0,012 79,782 -0,222 20,218
MIQGO Papilionoidea Pieridae Pierinae Pieris napi (Linnaeus, 1758) HG993187 C 15095 0,011 80,139 -0,227 19,861 new annotation
MIQGO Papilionoidea Pieridae Pierinae Pieris napi (Linnaeus, 1758) MT576638 C 15178 0,011 80,076 -0,224 19,924
MIQGO Papilionoidea Pieridae Pierinae Pieris rapae (Linnaeus, 1758) LR990608 C 15161 0,014 79,665 -0,233 20,335 new annotation
MIQGO Papilionoidea Pieridae Pierinae Pieris rapae Linnaeus, 1758 GQ398376 C 15164 0,014 79,662 -0,232 20,338
MIQGO Papilionoidea Pieridae Pierinae Pieris rapae Linnaeus, 1758 HM156697 C 15157 0,014 79,739 -0,232 20,261
MIQGO Papilionoidea Pieridae Pierinae Pontia callidice Hiibner, 1799-1800 MH380206 C 15109 -0,003 79,866 -0,229 20,134
MIQGO Papilionoidea Pieridae Pierinae Pontia daplidice (Linnaeus, 1758) MH380207 C 15124 -0,001 79,926 -0,218 20,074
MIQGO Papilionoidea Pieridae Pierinae Pontia edusa Fabricius, 1777 MNO013009 c 15127 -0,001 79,903 -0,219 20,097 new annotation
MIQGO Papilionoidea Pieridae Pierinae Pontia edusa Fabricius, 1777 MK252290 C 15125 -0,001 79,914 -0,218 20,086
MIQGO Papilionoidea Pieridae Pierinae Prioneris clemanthe Doubleday, 1846 MK263225 C 15131 -0,022 80,761 -0,233 19,239
MIQGO Papilionoidea Pieridae Pierinae Talbotia nagana (Moore 1884) MH380205 C 15155 0,002 79,815 -0,221 20,185
MIQGO Papilionoidea Pieridae Pierinae Talbotia nagana (Moore 1884) MW013541 C 15155 0,002 79,729 -0,220 20,271
MIQGO Papilionoidea Riodinidae Nemeobiinae Abisara fylloides Moore, 1902 HQ259069 C 15301 -0,028 81,171 -0,203 18,829
MIQGO Papilionoidea Riodinidae Nemeobiinae Dodona durga (Kollar, 1844) MN012981 Cc 15349 -0,025 82,018 -0,149 17,982 new annotation
MIQGO  Papilionoidea Riodinidae Nemeobiinae Dodona eugenes Bates, 1868 MT890732 C 15680  -0,019 81,014  -0,167 18,986
MIQGO  Papilionoidea Riodinidae Nemeobiinae Zemeros flegyas (Cramer, 1780) MK521434 C 15219 0,035 81,792  -0,160 18,208
MIQGO Papilionoidea Riodinidae Riodininae Apodemia mormo (Felder & Felder, 1859) KJ647171 C 15262 -0,047 81,523 -0,192 18,477

Complete/Partial genome
Size Genome Size
AT-skew

AT% percentage of A+T
GC-skew

GC% percentage of G+C

Table S2. Mitogenomes of Papilionoidea excluded from the final data set.

GO SUPERFAMILY FAMILY SUBFAMILY SPECIES GenBank C/P Size NOTE
MIQGO Papilionoidea Hesperiidae Hesperiinae Ampittia dioscorides (Fabricius, 1793) KM102732 C 15313 bad atp6 and cox3; excluded form final data set
251GO Papilionoidea Hesperiidae Pyrginae Ctenoptilum vasava (Moore, [1866]) JF713818 C 15468 bad cox1 and trnK; excluded form final data set
iGO Papilionoidea Hesperiidae Pyrginae Pyrgus armoricanus (Oberthur, 1910) MT628570 P 9120 Incomplete gene order iGO; excluded form final data set
MIQGO Papilionoidea Nymphalidae  Apaturinae Apatura ilia (Denis & Schiffermuiller, 1775) JF437925 (o3 15245 bad atp6; excluded form final data set
iGO Papilionoidea Nymphalidae = Charaxinae Polyura schreiber (Godart, [1824]) KT232257 C 15420 iGO no trnF; excluded form final data set
iGO Papilionoidea Nymphalidae  Cyrestinae Dichorragia nesimachus (Doyere, 1840) KF990126 P 14367 iGO , some genes lacking; excluded form final data set
MIQGO Papilionoidea Nymphalidae  Danainae Tirumala limniace (Cramer, [1775]) KJ784473 C 15285 bad trnH; excluded form final data set
MIQGO Papilionoidea Nymphalidae  Danainae Tirumala limniace (Cramer, [1775]) KM593191 C 15275 bad sequence, multiple framshifts; excluded form final data set
MIQGO Papilionoidea Nymphalidae  Danainae Tirumala limniace (Cramer, [1775]) KX889069 C 15278 bad sequence, multiple framshifts; excluded form final data set
MIQGO Papilionoidea Nymphalidae  Heliconiinae Acraea (Pareba) issoria (Hubner, 1819) GQ376195 C 15245 bad nad5; excluded form final data set
MIQGO Papilionoidea Nymphalidae  Heliconiinae Heliconius clysonymus Latreille, [1817] KP784455 C 15302 bad rrnS and CoRe; excluded form final data set
iGO Papilionoidea Nymphalidae = Nymphalinae Junonia genoveva (Cramer, [1780]) KX267576 P 15206 iGO; excluded form final data set
iGO Papilionoidea Nymphalidae  Nymphalinae Junonia genoveva genoveva Cramer, [1780] KX423729 C 15233 iGO; excluded form final data set
MIQGO Papilionoidea Nymphalidae = Nymphalinae Junonia genoveva infuscata C. & R. Felder, [1867] KX423730 P 15145 multiple unresolved bases; excluded form final data set
MIQGO Papilionoidea Nymphalidae ~ Nymphalinae Junonia litoralis Brevignon, 2009 KX267568 P 15214 multiple unresolved bases; excluded form final data set
MIQGO Papilionoidea Nymphalidae ~ Nymphalinae Junonia litoralis Brevignon, 2010 KX267574 C 15177 multiple unresolved bases and bad trnF; excluded form final data set
MIQGO Papilionoidea Nymphalidae  Nymphalinae Junonia vestina vestina C. Felder & R. Felder, 1867 KX423728 C 15191 bad nad3 and trnE; excluded form final data set
MIQGO Papilionoidea Nymphalidae  Nymphalinae Precis andremiaja (Boisduval, 1833) MH917706 C 15239 bad trnL1 and trnC; excluded form final data set
MIQGO Papilionoidea Nymphalidae  Nymphalinae Salamis anteva (Ward, 1870) MH917707 C 15201 bad trnA and trnC; excluded form final data set
MIQGO Papilionoidea Nymphalidae  Satyrinae Stichophthalma louisa Wood-Mason, 1877 KP247523 C 15721 bad nad3 and trnH; excluded form final data set
MIQGO Papilionoidea Nymphalidae  Satyrinae Triphysa phryne (Pallas, 1771) KF906487 Cc 15143 bad nad2; excluded form final data set
MIQGO Papilionoidea Papilionidae Papilioninae Graphium sarpedon (Linnaeus, 1758) LT999975 P 15098 bad sequence; excluded form final data set
iGO Papilionoidea Papilionidae Papilioninae Pachliopta kotzebuea (Eschscholtz, 1821) LS975120 C 15045 iGO, trnE lacking; excluded form final data set
MIQGO Papilionoidea Papilionidae Papilioninae Papilio bianor Cramer, 1777 KF859738 C 15357 different than conspecific sequences; excluded form final data set
MIQGO Papilionoidea Papilionidae Papilioninae Papilio dardanus Brown, 1776 JX313686 C 15337 multiple unresolved bases; excluded form final data set
MIQGO Papilionoidea Papilionidae Papilioninae Papilio dardanus Brown, 1776 KX033355 C 15338 multiple unresolved bases; excluded form final data set
MIQGO Papilionoidea Papilionidae Papilioninae Papilio helenus Linnaeus, 1758 KP247522 C 15607 bad sequence; excluded form final data set
MIQGO Papilionoidea Papilionidae Papilioninae Papilio machaon Linnaeus, 1758 HM243594 C 15185 bad na5, rrnS, and CoRe; excluded form final data set
MIQGO Papilionoidea Papilionidae Papilioninae Papilio polytes Linnaeus, 1758 KM215138 Cc 15260 bad nad1l, trnV and nad2; excluded form final data set
iGO Papilionoidea Papilionidae Papilioninae Papilio xuthus Linnaeus, 1767 EF621724 P 13964 iGO; excluded form final data set
iGO Papilionoidea Papilionidae Papilioninae Trogonoptera brookiana Wallace, 1855 LT999986 C 15005 iGO; excluded form final data set
MIQGO Papilionoidea Papilionidae Parnassiinae Hypermnestra helios (Nickerl, 1846) LS975127 P 14919 bad sequence; excluded form final data set
MIQGO Papilionoidea Papilionidae Parnassiinae Luehdorfia chinensis Leech, 1893 KU360130 C 15550 bad sequence; excluded form final data set
MIQGO Papilionoidea Pieridae Coliadinae Eurema hecabe (Linnaeus, 1758) KC257480 Cc 15160 nad2 very different than conspecific taxa; excluded form final data set
iGO Papilionoidea Pieridae Pierinae Delias pasithoe parthenope Wallace, 1867 KM244698 P 13155 iGO; excluded form final data set
MIQGO Papilionoidea Pieridae Pierinae Hebomoia glaucippe (Linnaeus, 1758) KC489093 C 15701 bad trnL1; excluded form final data set
iGO Papilionoidea Pieridae Pierinae Pieris brassicae (Linnaeus, 1758) KM592974 C 12887 iGO; excluded form final data set
iGO Papilionoidea Pieridae Pierinae Pieris rapae Linnaeus, 1758 KM592973 P 9751 iGO; excluded form final data set
' |
iGO incomplete gene order



Table S3.

Mitogenomes of Outgroups included in the final data set.

FAMILY

MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
LacoGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO
MIQGO

SUPERFAMILY

Alucitoidea

Bombycoidea
Bombycoidea
Bombycoidea
Bombycoidea
Bombycoidea
Bombycoidea
Bombycoidea
Bombycoidea
Bombycoidea
Bombycoidea
Bombycoidea
Bombycoidea
Bombycoidea
Bombycoidea
Bombycoidea
Bombycoidea
Bombycoidea
Bombycoidea
Bombycoidea
Bombycoidea
Bombycoidea
Bombycoidea
Bombycoidea
Bombycoidea
Bombycoidea
Bombycoidea
Bombycoidea
Bombycoidea

Copromorphoidea

Cossoidea
Drepanoidea
Gelechioidea
Gelechioidea
Gelechioidea
Gelechioidea
Gelechioidea
Gelechioidea
Gelechioidea
Gelechioidea
Gelechioidea
Gelechioidea
Gelechioidea
Gelechioidea
Geometroidea
Geometroidea
Geometroidea
Geometroidea
Geometroidea
Geometroidea
Geometroidea
Geometroidea
Geometroidea
Gracillarioidea
Gracillarioidea

Lasiocampoidea
Lasiocampoidea
Lasiocampoidea

Mimallonoidea
Noctuoidea
Noctuoidea
Noctuoidea
Noctuoidea
Noctuoidea
Noctuoidea
Noctuoidea
Noctuoidea
Noctuoidea
Noctuoidea
Noctuoidea
Noctuoidea
Noctuoidea
Noctuoidea
Noctuoidea
Noctuoidea
Noctuoidea
Noctuoidea
Noctuoidea
Noctuoidea
Noctuoidea
Noctuoidea
Noctuoidea
Noctuoidea
Noctuoidea
Noctuoidea
Noctuoidea
Noctuoidea
Noctuoidea
Pterophoroidea
Pyraloidea
Pyraloidea
Pyraloidea
Pyraloidea
Pyraloidea
Pyraloidea
Pyraloidea
Pyraloidea
Pyraloidea
Pyraloidea
Pyraloidea
Pyraloidea
Pyraloidea
Pyraloidea
Pyraloidea
Pyraloidea
Pyraloidea
Pyraloidea
Pyraloidea
Pyraloidea
Pyraloidea

Alucitidae
Bombycidae
Bombycidae
Bombycidae
Bombycidae
Bombycidae
Bombycidae
Bombycidae
Bombycidae
Brahmaeidae
Endromidae
Eupterotidae
Saturniidae
Saturniidae
Saturniidae
Saturniidae
Saturniidae
Saturniidae
Saturniidae
Saturniidae
Saturniidae
Sphingidae
Sphingidae
Sphingidae
Sphingidae
Sphingidae
Sphingidae
Sphingidae
Sphingidae
Carposinidae
Cossidae
Drepanidae
Autostichidae

Cosmopterigidae

Elachistidae
Elachistidae
Gelechiidae
Gelechiidae
Gelechiidae
Gelechiidae
Oecophoridae
Oecophoridae

Stathmopodidae
Stathmopodidae

Geometridae
Geometridae
Geometridae
Geometridae
Geometridae
Geometridae
Geometridae
Geometridae
Geometridae
Gracillariidae
Gracillariidae
Lasiocampidae
Lasiocampidae
Lasiocampidae
Mimallonidae
Doidae
Erebidae
Erebidae
Erebidae
Erebidae
Erebidae
Erebidae
Erebidae
Erebidae
Erebidae
Erebidae
Erebidae
Lymantriidae
Lymantriidae
Lymantriidae
Lymantriidae
Noctuidae
Noctuidae
Noctuidae
Noctuidae
Noctuidae
Noctuidae
Noctuidae
Noctuidae
Noctuidae
Nolidae
Nolidae
Notodontidae
Notodontidae
Pterophoridae
Crambidae
Crambidae
Crambidae
Crambidae
Crambidae
Crambidae
Crambidae
Crambidae
Crambidae
Crambidae
Crambidae
Crambidae
Crambidae
Crambidae
Crambidae
Crambidae
Crambidae
Crambidae
Crambidae
Crambidae
Crambidae

SUBFAMILY

Bombycinae
Bombycinae
Bombycinae
Bombycinae
Oberthuerinae
Oberthuerinae
Oberthuerinae
Oberthuerinae

Saturniinae
Saturniinae
Saturniinae
Saturniinae
Saturniinae
Saturniinae
Saturniinae
Saturniinae
Saturniinae
Macroglossinae
Macroglossinae
Macroglossinae
Smerinthinae
Sphinginae
Sphinginae
Sphinginae
Sphinginae

Cossinae
Drepaninae
Symmocinae
Chrysopeleiinae
Ethmiinae
Stenomatinae
Anacampsinae
Dichomeridinae
Gelechiinae
Pexicopiinae
Oecophorinae
Oecophorinae

Ennominae
Ennominae
Ennominae
Ennominae
Ennominae
Ennominae
Ennominae
Larentiinae
Larentiinae

Aganainae
Arctiinae
Arctiinae
Arctiinae
Arctiinae
Arctiinae
Arctiinae
Arctiinae
Arctiinae
Herminiinae
Hypeninae

Amphipyrinae
Amphipyrinae
Catocalinae
Hadeninae
Heliothinae
Heliothinae
Noctuinae
Noctuinae
Plusiinae
Chloephorinae
Risobinae
Pygaerinae

Thaumetopoeinae

Pterophorinae
Crambinae
Crambinae
Crambinae
Evergestinae
Nymphulinae
Nymphulinae
Nymphulinae
Pyraustinae
Pyraustinae
Schoenobiinae
Scopariinae
Spilomelinae
Spilomelinae
Spilomelinae
Spilomelinae
Spilomelinae
Spilomelinae
Spilomelinae
Spilomelinae
Spilomelinae
Spilomelinae

SPECIES

Alucita montana Barnes & Lindsey, 1921
Bombyx mandarina (Moore, 1872)
Ernolatia moorei (Moore, 1879)

Ocinara albicollis (Walker, 1862)

Rondotia menciana Moore, 1885

Andraca olivacea Matsumura, 1927
Mustilia undulosa Yang & Mao, 1995
Mustilizans hepatica (Moore, 1879)
Oberthueria jiatongae Zolotuhin & Xing Wang, 2013
Brahmaea hearseyi (White, 1862)
Prismosticta fenestrata Butler, 1880
Ganisa cyanogrisea Mell, 1929

Actias artemis aliena (Butler, 1879)
Antheraea assamensis Helfer, 1837
Attacus atlas (Linnaeus, 1758)

Cricula trifenestrata Helfer, 1837

Eriogyna pyretorum Westwood, 1847
Neoris haraldi Schawerda, 1922

Samia canningi (Hutton, 1860)

Saturnia boisduvalii Eversmann, 1847
Saturnia jonasii (Butler, 1877)
Ampelophaga rubiginosa Bremer & Grey, 1853
Macroglossum stellatarum Linnaeus, 1758
Theretra japonica (Boisduval, 1869)
Parum colligata (Walker, 1856)

Manduca sexta (Linnaeus, 1763)
Notonagemia analis scribae (Austaut, 1911)
Psilogramma increta (Walker 1865)
Sphinx morio (Rothschild & Jordan, 1903)
Carposina sasakii Matsumura, 1900

Eogystia hippolophaecolus (Hua, Chou, Fang & Chen, 1990)

Drepana arcuata Walker, 1855

Oegoconia novimundi (Busck, 1915)
Perimede sp.

Ethmia eupostica Powell, 1985
Promalactis suzukiella (Matsumura, 1931)
Mesophleps albilinella (Park, 1990)
Dichomeris ustalella (Fabricius, 1794)
Tecia solanivora (Povolny, 1973)
Pectinophora gossypiella Saunders, 1843
Endrosis sarcitrella (Linnaeus, 1758)
Stathmopoda auriferella (Walker, 1864)
Atrijuglans hetaohei Yang, 1977
Hieromantis kurokoi Yasuda, 1988
Abraxas suspecta (Warren, 1894)
Apocheima cinerarius Erschoff, 1874
Biston panterinaria (Bremer & Grey, 1853)
Celenna sp.

Ectropis obliqua Prout, 1915

Jankowskia athleta Oberthur, 1884
Phthonandria atrilineata (Butler, 1881)
Dysstroma truncata (Hufnagel, 1767)
Operophtera brumata (Linnaeus, 1758)
Cameraria ohridella Deschka & Dimic, 1986
Phyllonorycter froelichiella (Zeller, 1839)
Apatelopteryx phenax De Lajonquiéere, 1968
Dendrolimus houi De Lajonquiere, 1979
Euthrix laeta (Walker, 1855)

Lacosoma valva Schaus, 1905

Doa sp.

Asota plana lacteata Butler, 1881
Aglaomorpha histrio (Walker, 1855)
Amata formosae Butler, 1876

Callimorpha dominula (Linnaeus, 1758)
Cyana sp.

Hyphantria cunea (Drury, 1773)

Lemyra melli (Daniel, 1943)

Paraona staudingeri Alphéraky, 1897
Vamuna virilis (Rothschild, 1913)
Hydrillodes lentalis Guenee, 1854
Paragabara curvicornuta Kononenko & Matov, 2010
Euproctis cryptosticta Collenette, 1934
Gynaephora alpherakii (Grum-Grzhimailo, 1891)
Lymantria dispar (Linnaeus, 1758)
Somena scintillans (Walker, 1856)
Sesamia inferens (Walker, 1856)
Spodoptera exigua (Hibner, 1808)
Eudocima phalonia (Linnaeus, 1763)
Mythimna separata Walker, 1865
Australothis rubrescens Walker, 1858
Helicoverpa armigera (Hibner, [1808])
Agrotis ipsilon (Hufnagel, 1766)

Striacosta albicosta (Smith, 1888)
Ctenoplusia limbirena (Guenée, 1852)
Gabala argentata Butler, 1878

Risoba prominens Moore, 1881

Clostera anachoreta (Denis & Schiffermiller, 1775)
Ochrogaster lunifer Herrich-Schaffer, 1855
Emmelina monodactyla (Linnaeus, 1758)
Chilo suppressalis (Walker, 1863)
Diatraea saccharalis (Fabricius, 1794)
Pseudargyria interruptella (Walker, 1866)
Evergestis junctalis (Warren, 1892)
Elophila interruptalis (Pryer, 1877)
Paracymoriza distinctalis (Leech, 1889)
Parapoynx crisonalis (Walker, 1859)
Cnaphalocrocis medinalis (Guenée, 1854)
Loxostege sticticalis (Linnaeus, 1761)
Scirpophaga incertulas (Walker, 1863)
Eudonia angustea (J. Curtis, 1827)
Conogethes punctiferalis (Guenée, 1854)
Glyphodes quadrimaculalis Bremer & Grey, 1853
Haritalodes derogata (Fabricius, 1775)
Maruca testulalis (Geyer, 1832)
Nomophila noctuella (Denis & Schiffermuller, 1775)
Omiodes indicata (Fabricius, 1775)
Palpita hypohomalia Inoue, 1996
Pycnarmon lactiferalis (Walker, 1859)
Spoladea recurvalis (Fabricius, 1775)
Tyspanodes striata (Butler, 1879)

GenBank
KJ508059
AB070263
MF100139
MF100144
KC881286
MF100135
MF100142
MF100141
MF100143
KU884326
MF100145
MF100140
KF927042
KU301792
KF006326
KY644697
FJ685653
MF664471
KJ159909
EF622227
MF346379
KT153024
MG747645
MG655620
MG888667
EU286785
KU934302
MF974243
KC470083
HQ840719
KC831443
KJ508053
KJ508036
KJ508041
KJ508047
KM875542
KU366707
KU366706
KT326187
KM225795
KJ508037
KX138529
KT581634
KUB05775
KY095828
KR478686
JX406146
KM244697
MF417804
KR822683
EU569764
KJ508061
KP027400
KJ508042
KJ508048
KJ508055
KY000409
KU870700
KJ508050
KJ508058
KJ173908
KY800518
KC513737
KP973953
KM244679
GU592049
KP307017
KY827330
KJ364659
MHO013484
KT362742
KY996558
KJ957168
FJ617240
MH051839
JN039362
JX316220
KY196412
KF730242
KF977797
GuU188273
KF163965
KM488268
KM244665
KJ410747
KJ396197
KX108766
AM946601
KJ508063
HQ860290
FJ240227
KP071469
KP347976
KC894961
KF859965
KT443883
JN246082
KR080490
KF751706
KJ508052
JX448619
KF234079
KR233479
KJ623250
KM244688
MG770232
MG869628
KX426346
KJ739310
KP347977

C/P

OO0 TOOOOOOOOOODOTOOOOOOOOOHOHOHOOOOOOOOOOOODOOOOO TTOOTTITOTOOOOOOOOOOTOOOOO VT ITTOOOOHOHOHOHOHOHOHOOOOOOOOOOOOOOHOHOOOOOT

Size
15272
15928
15377
15439
15301
15880
15720
15745
15673
15442
15772
15250
15243
15312
15282
15425
15327
15383
15384
15360
15261
15282
15290
15399
15288
15516
15303
15252
15299
15611
15431
15302
15408
15131
15347
15507
15274
15410
15251
15202
15317
15456
15379
15208
15537
15661
15517
15403
15475
15534
15499
15828
15748
15513
15538
15552
15381
15368
16108
15228
15416
15472
15463
15496
15494
15481
15418
15427
15417
15570
15532
15462
15755
15569
15410
15413
15365
15575
15332
15382
15347
15377
15553
15306
15337
15343
15456
15593
15252
15465
15490
15231
15438
15351
15354
15374
15388
15218
15220
15386
15355
15255
15253
15110
15309
15367
15271
15219
15273
15255

AT-skew

0,001

0,055
0,016
0,004
0,050
0,033
0,030
0,017
0,014
-0,007
0,016
-0,001
-0,013
-0,018
0,004
0,011

-0,031
-0,011
-0,007
-0,024
-0,018
0,017
0,002
0,023
0,005
-0,005
0,025
0,025
0,001

0,031

0,030
0,005
-0,032
-0,057
-0,014
-0,025
-0,061
-0,037
-0,013
-0,007
-0,010
-0,059
-0,034
-0,045
0,021

0,029
0,064
0,037
0,006
0,042
0,007
-0,008
0,005
0,019
0,010
0,027
0,030
0,019
0,022
0,005
-0,002
-0,003
-0,027
-0,011
-0,014
0,010
0,001

0,009
0,000
-0,020
-0,008
0,011

0,004
0,016
-0,009
-0,001
0,010
-0,012
-0,011
0,000
0,001

-0,006
0,012
-0,036
-0,029
-0,007
-0,019
0,030
-0,018
0,008
0,021

-0,011
-0,015
-0,011
-0,002
0,017
-0,015
0,002
0,029
-0,022
-0,025
-0,007
0,002
-0,005
0,002
-0,012
-0,001
-0,004
-0,024
-0,018

AT%
79,970
81,680
80,757
81,378
78,864
79,509
80,134
80,210
79,678
80,806
81,176
79,121
78,620
80,179
79,302
77,679
80,818
79,510
79,875
80,625
79,484
81,534
81,164
80,356
81,057
81,787
80,246
80,330
81,169
81,500
78,433
81,127
77,603
80,424
79,553
81,486
80,536
81,116
78,264
80,687
79,611
81,496
81,319
80,260
80,871
80,538
79,551
80,751
80,931
79,529
81,025
79,953
79,966
81,113
82,025
80,331
79,930
80,193
80,873
80,437
80,345
79,899
79,493
81,021
81,199
80,389
78,668
80,191
80,392
81,079
80,440
79,860
81,441
79,877
80,818
80,237
80,931
80,687
80,987
81,355
80,973
81,251
79,329
80,994
81,691
81,066
80,719
77,843
80,488
79,703
80,019
79,397
81,079
80,321
82,265
82,028
81,940
80,819
77,168
81,431
80,599
80,800
80,699
80,814
81,410
81,577
81,029
81,681
80,894
81,383

GC-skew
-0,198
-0,213
-0,227
-0,200
-0,260
-0,258
-0,242
-0,214
-0,224
-0,221
-0,189
-0,246
-0,251
-0,222
-0,241
-0,277
-0,205
-0,219
-0,227
-0,217
-0,214
-0,189
-0,193
-0,245
-0,192
-0,181
-0,212
-0,221
-0,195
-0,162
-0,269
-0,180
-0,329
-0,229
-0,237
-0,183
-0,229
-0,179
-0,224
-0,204
-0,226
-0,197
-0,186
-0,203
-0,191
-0,192
-0,260
-0,211
-0,178
-0,217
-0,192
-0,201
-0,209
-0,178
-0,185
-0,207
-0,243
-0,213
-0,196
-0,200
-0,238
-0,254
-0,266
-0,201
-0,223
-0,230
-0,225
-0,251
-0,229
-0,207
-0,226
-0,245
-0,263
-0,247
-0,248
-0,230
-0,195
-0,219
-0,196
-0,187
-0,192
-0,177
-0,238
-0,174
-0,174
-0,176
-0,217
-0,318
-0,157
-0,243
-0,258
-0,216
-0,168
-0,229
-0,155
-0,153
-0,175
-0,191
-0,320
-0,190
-0,207
-0,192
-0,218
-0,171
-0,176
-0,162
-0,196
-0,173
-0,183
-0,177

GC%
19,880
18,320
19,243
18,622
21,136
20,491
19,866
19,790
20,322
19,194
18,824
20,380
21,380
19,821
20,698
22,314
19,182
20,230
20,125
19,375
20,516
18,466
18,836
19,644
18,943
18,213
19,754
19,670
18,831
18,500
21,567
18,723
22,209
19,397
20,317
18,514
19,464
18,884
21,736
19,313
20,232
18,504
18,681
19,740
19,129
19,462
20,442
19,249
19,069
20,471
18,975
19,901
20,034
18,739
17,827
19,515
20,070
19,807
18,922
19,412
19,655
20,088
20,507
18,979
18,801
19,611
21,332
19,809
19,608
18,921
19,553
20,140
18,559
20,123
19,182
19,763
19,069
19,313
19,013
18,645
19,027
18,749
20,671
19,006
18,309
18,934
19,281
22,157
19,361
20,297
19,981
20,603
18,921
19,679
17,735
17,972
18,060
19,181
22,832
18,419
19,401
19,200
19,301
19,186
18,590
18,423
18,971
18,319
19,106
18,617



(c]o) SUPERFAMILY FAMILY SUBFAMILY SPECIES GenBank C/P Size AT-skew AT% GC-skew GC%

MIQGO Pyraloidea Pyralidae Epipaschiinae Lista haraldusalis (Walker, 1859) KF709449 C 15213 -0,007 81,516 -0,171 18,484
MIQGO Pyraloidea Pyralidae Galleriinae Galleria mellonella (Linnaues, 1758) KT750964 C 15320 -0,039 80,418 -0,237 19,582
MiQGO Pyraloidea Pyralidae Phycitinae Amyelois transitella (Walker, 1863) KT692987 Cc 15205 -0,048 79,638 -0,237 20,362
MiQGO Pyraloidea Pyralidae Phycitinae Ephestia elutella (Hibner, 1796) MG748858 Cc 15346 -0,043 80,653 -0,217 19,347
MIQGO Pyraloidea Pyralidae Phycitinae Euzophera pyriella Yang, 1994 KY825744 C 15184 -0,052 79,814 -0,242 20,179
MIQGO Pyraloidea Pyralidae Phycitinae Meroptera pravella (Grote, 1878) MF073207 C 15260 -0,019 80,550 -0,199 19,332
MIQGO Pyraloidea Pyralidae Phycitinae Plodia interpunctella (Hibner, 1813) KP729178 C 15287 -0,049 80,153 -0,231 19,847
MIQGO Pyraloidea Pyralidae Pyralinae Hypsopygia regina (Butler, 1879) KP327714 C 15212 -0,037 78,655 -0,228 21,345
MIQGO Thyridoidea Thyrididae Pyrinioides aurea Butler, 1881 KT337662 Cc 15362 0,000 79,938 -0,216 20,062
MIQGO Thyridoidea Thyrididae Rhodoneura mellea (Saalmdiller, 1881) KJ508038 P 15615 -0,023 80,666 -0,232 19,167
MiQGO Tortricoidea Tortricidae Olethreutinae Cydia pomonella (Linnaeus, 1758) JX407107 Cc 15253 -0,004 80,128 -0,207 19,872
MiQGO Tortricoidea Tortricidae Olethreutinae Grapholita dimorpha Komai, 1979 KJ671625 Cc 15813 -0,011 80,845 -0,189 19,155
MIQGO Tortricoidea Tortricidae Olethreutinae Retinia pseudotsugaicola Liu & Wu, 2001 KF498969 C 15282 -0,005 79,774 -0,224 20,226
MIQGO Tortricoidea Tortricidae Olethreutinae Spilonota lechriaspis Meyrick, 1932 HM204705 C 15368 -0,018 81,195 -0,188 18,805
MIQGO Tortricoidea Tortricidae Tortricinae Acleris fimbriana (Thunberg & Becklin, 1791) HQ662522 C 15933 -0,012 80,951 -0,169 19,049
MIQGO Tortricoidea Tortricidae Tortricinae Adoxophyes orana (Fischer von Réslerstamm, 1834) JX872403 C 15343 -0,001 79,958 -0,211 20,042
MIQGO Tortricoidea Tortricidae Tortricinae Choristoneura longicellana (Walsingham, 1900) HQ452340 C 15759 0,010 81,141 -0,193 18,859
MIQGO Urodoidea Urodidae Urodus decens Meyrick, 1925 KJ508062 P 15279 -0,018 80,202 -0,205 19,668
MiQGO Yponomeutoidea Lyonetiidae Leucoptera malifoliella Costa, 1836 JN790955 Cc 15646 0,016 82,564 -0,199 17,436
MiQGO Yponomeutoidea Lyonetiidae Lyonetia clerkella Linnaeus, 1758 MF045483 Cc 15259 0,017 79,920 -0,180 20,080
MIQGO Yponomeutoidea Plutellidae Plutella australiana Landry & Hebert, 2013 MG787473 Cc 15962 0,014 80,673 -0,185 19,327
MIQGO Yponomeutoidea Yponomeutidae Praydinae Prays oleae Bernard, 1788 KM874804 Cc 16499 0,019 81,817 -0,179 18,183
MIQGO Zygaenoidea Limacodidae Monema flavescens Walker, 1855 KU946971 C 15396 0,013 80,475 -0,226 19,525
ParaGO Zygaenoidea Limacodidae Parasa consocia Walker, 1865 KX108765 C 15296 -0,001 80,583 -0,238 19,417
ChalGO Zygaenoidea Zygaenidae Chalcosiinae Eterusia aedea Clerck, 1759 MH316560 C 15196 -0,005 79,606 -0,211 20,394
ChalGO Zygaenoidea Zygaenidae Chalcosiinae Histia rhodope (Cramer, 1775) MF542357 C 15209 0,015 78,447 -0,243 21,553
ChalGO Zygaenoidea Zygaenidae Chalcosiinae Pidorus atratus Butler, 1877 MG882482 C 15383 0,010 79,861 -0,207 20,139
ChalGO Zygaenoidea Zygaenidae Chalcosiinae Rhodopsona rubiginosa (Leech, 1898) KM244668 C 15248 0,010 78,922 -0,228 21,078
|
cP Comé)éitc')eéquartlal
Size Genome Size
AT-skew
AT% percentage of A+T
GC-skew
GC% percentage of G+C




Alignment S1
nad2 vs ISP trnQ-nad2 pairwise alignments in Lopinga achine (Nymphalidae, Satyrinae)

Segment (Starting nucleotide-ending nucleotide)

nad2 segment A (18-79)

40
|

10 20 30 50 60

| | | | |
Lopinga achine new00000 nad2 segment A  RICIAATNNATTTTTTYTE Ales TTTYTE AR Cl —LCIRICTA
Lopinga achine new00000 ISP trnQ-nad2 T AAIAAAA GA--- A CCC ARTARITEA Cllm -LTTA

Alignment length: 64; identity: 40 (62.50%); different 24 (37.50 %).

nad2 segment B (233-288)

10 20 30 40 50 60

| | | |
Lopinga achine new00000 nad2 segment B AAGATTATTTTYAREAAA -~ NS T- T TTIEATEG-ANFAA - ARIC A A
Lopinga achine new00000 ISP trnQ-nad2 AANALYVIALVEE T CATAAI N RIAAATOT(e(ele TAZNGIYAATAA - A A

Alignment length: 61; identity: 35 (57.38%); different: 26 (42.62%)

nad2 segment C (684-738)

40
|

10 20 30 50 60

| | | | |

Lopinga achine new00000 nad2 segment C  [REREATATTYSITTUCT R -AYNI--UTTEAT TATATIEANI - s A
Lopinga achine new00000 ISP trnQ-nad2 TTTT“AAA G. EA AAAJICAIC A-—QGM A

Alignment length: 60; identity: 41 (68.33%); different: 19 (31.67%).

nad2 segment D (900-955)
10 20 30 40 50 60
| | | | | |
Lopinga achine new00000 nad2 segment D  [RERVYATT TSN -- AN TTEIAT - - SN -ini -k A
Lopinga achine new00000 ISP trnQ-nad2 TTTTAAALY Y AAATGATEYAT TPHAAATORA TSSO TAAEAAATAA (CTTARTTRTESTTA

Alignment length: 62; identity: 44 (70.97%); different: 18 (29.03%)



Alignment S2

nad2 vs ISP trnQ-nad2 pairwise alignments in Parnassius apollo (Papilionidae, Parnassiinae)

Segment (Starting nucleotide-ending nucleotide)

nad2 segment A (3-44)

0 30
|

1 20 40
Parnassius apollo new00000 nad2 segment A [l NN T CAA TV -ATTTTT AT
Parnassius apollo new00000 ISP trnQ-nad2 TT [CAATTTAAATEERA Cm AACCCC Alel
Alignment length: 43; identity: 29 (67.44%); different: 14 (32.56 %).
nad2 segment B (102-146)
10 20 30 40
) | I | |
Parnassius apollo newO0000 nad2 segment B GG AA NVACH TATTNAGAT T A CCA
Parnassius apollo newO0000 ISP trnQ-nad2 T RCAA AA A&C-HA&C- A ARTTTHERAC]
Alignment length: 45; identity: 28 is (62.22%); different: 17 (37.78 %).
nad2 segment C (249-289)
10 2 30 40
| | |
Parnassius apollo newO0000 nad2 segment C AIREAAAYN R TGN TR TR T - TR T T T A
Parnassius apollo new00000 ISP trnQ-nad2 [TTALRKEAAT T TRERAAA —“CMAA saccec Alel

Alignment length: 43; ldentity: 27 (62.79%); Different: 16 (37.21%).

0
|

nad2 segment D (585-626)

10 20 30 40

| | | |
Parnassius apollo new00000 nad2 segment D RV -EVSERITTTATTATAATA-IA-TTEATTH-
Parnassius apollo new00000 ISP trnQ-nad2 TTTATQGAATTTEEEA ANACAALCIFAACCE-CC ——
Alignment length: 46; ldentity: 28 (60.87%); Different: 18 (39.13%).
nad2 segment E (718-760)

10 20 30

) 1 I | 1

Parnassius apollo new0O0000 nad2 segment E BAATTTIRRIA TS RIACCACAITAGCCCCCTRTTTTAG
Parnassius apollo new00000 ISP trnQ-nad2 CAATTTEREATEEEEA Cﬁ ASTANCCCCCTRTTTTAG
Alignment length: 45; ldentity: 29 (64.44%); Different: 16 (35.56%).

nad2 segment F (942-983)
20

10 30 40
) | I | |
Parnassius apollo newO0000 nad2 segment F SAATTATAAATAIRRICAACAASTAAIRRECTE
Parnassius apollo new00000 ISP trnQ-nad2 [CAATTETAAATARSECAASAAGTAAE -

Alignment length: 45; identity: 31 (68.89%); different: 14 (31.11%).



Alignment S3

nad2 vs ISP trnQ-nad2 pairwise alignments in Choaspes benjaminii (KJ629164) (Hesperiidae, Coliadinae)
Segment (Starting nucleotide-ending nucleotide)
nad2 segment A (9-78)
10 20 30 40 50 80
Choaspes benjaminii KJ629164 nad2 segment A A ‘TF‘C AA ‘!F‘—‘ —! ——— T - !— TI NAGIYACCCTINN TTCI/ARRICL Cé
Choaspes benjaminii KJ629164 ISP trnQ-nad2 6 x (TA) + ATAAT g%ﬂm@gm—ﬂﬁmn—ﬂ—"—ﬂ

Alignment length: 80; ldentity: 53 (66.25%); Different: 27 (33.75%).

60 70
|

nad2 segment B (236-303)

10 20 30 40 50 60 70
Choaspes benjaminii KJ629164 nad2 segment B m%m—-éﬂ!@cé
Choaspes benjaminii KJ629164 ISP trnQ-nad2 6 x (TA) + I NN TN TATA LLAYAAAT TIUATAATTTATTTREERATTTTAATAAAT T TA
Alignment length: 73; identity: 57 (78.08%); different: 16 (21.92%).
nad2 segment C (572-646)

10 20 30 40 50 60 70 80
Choaspes benjaminii KJ629164 nad2 segment C VAT AGAG! T I ALRITR I - TTTA T I—C AINT ‘AA TF‘TF‘TG'I’ TTATTTT é
Choaspes benjaminii KJ629164 ISP trnQ-nad2 6 x (TA) + E—i—a——mm&&ﬁ— [TAA A&—&—A—A
Alignment length: 80; identity: 54 (67.50%); different: 26 (32.50%).
nad2 segment D (651-733) (Kim et al. 2014, segment)

10 20 30 40 50 60 70 80
Choaspes benjaminii KJ629164 nad2 segment D TCAﬁTmATCEAWT'!'TAETWC—
Choaspes benjaminii KJ629164 ISP trnQ-nad2 6 x (TA) + LAANYNIAAL--HERPPYNI--A- Bt | | AR ATAAATTTEEESATESAATTTATTETAT FTHATAA -lA
Alignment length: 88; identity: 61 (69.32%); different: 27 (30.68%)-

nad2 segment E (917-994)
10 20 30 40 50 60 70 80
o | 1 1 | | I I I
Choaspes benjaminii KJ629164 nad2 segment E AAAATES C A ASATTIA ATGUTTA A A A TCCIREAAIFAGGYA A
Choaspes benjaminii KJ629164 ISP trnQ-nad2 6 X (TA) + AL B | TALJAAATALIAT TRE AR - AR AT TREETTAATARRAATHA A

Alignment length: 81; identity: 58 (71.60%); different: 23 (28.40%).

6 x (TA), repeated dinucleotide not considered in the alignment

Kim, J.M, Whang, A.R., Park, J.S., Kim, I. Complete mitochondrial genomes of five skippers (Lepidoptera: Hesperiidae) and phylogenetic reconstruction of Lepidoptera. Gene 2014, 549, 97-112.



Alignment S4

nad2 vs ISP trnQ-nad?2 pairwise alignments in Lobocla bifasciatus (KJ629166) (Hesperiidae, Eudaminae)
Segment (Starting nucleotide-ending nucleotide)

nad2 segment A (230-302)

10 20 30 40 50 60 70

o | | | | | | |
Lobocla bifasciatus KJ629166 nad2 segment A TTALIAAAAATAATTTYA LCEAAATAAATIAYATTTES - TIATIE CClIC.
Lobocla bifasciatus KJ629166 ISP trnQ-nad2 11 x (TA) + HAIRIAAALSSSNNEANEE T-—--1 ERAAATAAATIETT Aﬂﬁ ART TRETIE

Alignment length: 76; identity: 52 (68.42%); different: 24 (31.58%).

nad2 segment B (641-717) (Kim et al. 2014, segment)

10 20 30 40 50 60 70
| |
Lobocla bifasciatus KJ629166 nad2 segment B LT TATATTTT TR - A ?ﬁTOAA ALRRIATTTTTAATAAYAAT(@ AAALITE
Lobocla bifasciatus KJ629166 ISP trnQ-nad2 11 x (TA) + JLAlL ALVALEEEEAATA A AR AATRARERATTTTTAATH TRAT TR AAA E

Alignment length: 79; identity: 53 (67.09%); different: 26 (32.91%).

nad2 segment C (901-972)

0
|

2 30 40 50 60 70
| | | | I
Lobocla bifasciatus KJ629166 nad2 segment C A AAALIIAAAATIEA AAAATINERISRIAANNNFYNSIAIRRICIIC AASE
Lobocla bifasciatus KJ629166 ISP trnQ-nad2 11 x (TA) + [ EAAAA A ATT TAT TIEAAATAAATET TS AAINS --

Alignment length: 77; identity: 58 (75.32%); different: 19 (24.68%).

10
|

11 x (TA), repeated dinucleotide not considered in the alignment

Kim, J.M, Whang, A.R., Park, J.S., Kim, I. Complete mitochondrial genomes of five skippers (Lepidoptera: Hesperiidae) and phylogenetic reconstruction of Lepidoptera. Gene 2014, 549, 97-112.



nad2 vs ISP trnQ-nad?2 pairwise alignments in Euschemon rafflesia (KY513288) (Hesperiidae, Euschemoninae)

Segment (Starting nucleotide-ending nucleotide)

nad2 segment A (7-85)

Euschemon rafflesia KY513288 nad2 segment A
Euschemon rafflesia KY513288 ISP trnQ-nad2

Alignment length: 79; identity: 48 (60.76%);

nad2 segment B (179-250)

Euschemon rafflesia KY513288 nad2 segment B
Euschemon rafflesia KY513288 ISP trnQ-nad2

Alignment length: 76; identity: 52 (68.42%);

nad2 segment C (391-466)

Euschemon rafflesia KY513288 nad2 segment C
Euschemon rafflesia KY513288 ISP trnQ-nad2
Alignment length: 80; identity: 54 (67.50%);

nad2 segment D (572-645)

Euschemon rafflesia KY513288 nad2 segment D
Euschemon rafflesia KY513288 ISP trnQ-nad2

Alignment length: 74; identity: 48 (64.86%);

nad2 segment E (650-723)

Euschemon rafflesia KY513288 nad2 segment E
Euschemon rafflesia KY513288 ISP trnQ-nad2

Alignment length: 75; identity: 54 (72.00%);

nad2 segment F (830-902)

Euschemon rafflesia KY513288 nad2 segment E
Euschemon rafflesia KY513288 ISP trnQ-nad2

Alignment length: 73; identity: 51 (69.86%);

Alignment S5

10 20 30 40 50 60 70
| | | | | | |
ACTTAALATHAATTGYYXCAAAITTA T A AGAACC CAAJCLCAGCIE

C AN AA AAAT _____ AA A —| C A I /\ Ji\ /\ [— A AA A

different: 31 (39.24%).

10 20 30 40 50 60 70

| | | I | I |
CTRTTAAAATALREEIT TAABTIBAA GCE-| BTAA T C - GAANNIANIL
CTIATTAAAATAIN ST TAARTIAATYTRT TR - AA Aﬂ BT AATYATT

different: 24 (31.58%).

20 4
|

10 30 0 50 60 70 80
| I I | I | |
BTl TTEARAA NSRRI TAATTTTIAT TIVNIATTATATAAATI L MAAATTTRTE ATTAATTATINAT T
C ANAAIAAAT AT g o 7T TRl TG A TTATATAAATIRRIAAATT TTAATTATEST TS

different: 26 (32.50%).

10 2

0 30 40 50 60 70
| 1 I I I I I
W AT TACAAAATTIAIEAT TALIIA INRITTATATIOUTT T THAATTIE GO T
AT T AN AAATTE AN 7 AN TR T T T TAT AT TT TAT. -uT

different: 26 (35.14%).

40 50 60 70

10 20 30
% TTTTTARASIC REATATAAATTTTAYATTAARATTATTTTTAATA
C AANATIYYATTIVAAT TAATEES R ATATAAATTTTARATTUAPATTATTTTTAATRA

different: 21 (28.00%).-

10 20 30 40 50 60
| | | |

AIRIATAAERTIAAT@A WITTATATUECAATIINT TTASIETTETAT@ATINTTTAATTATT

o TATTANSATAAI TR AATAN OATTATATEN A TR 77

ATUTTTAATTATT
Different: 22 (30.14%).



Alignment S6
nad2 vs ISP trnQ-nad2 pairwise alignments in Potanthus flavus (KJ629167) (Hesperiidae, Hesperiinae)

Segment (Starting nucleotide-ending nucleotide)

nad2 segment A (227-288)

20 30

10 40 50 60
|
Potanthus flavus KJ629167 nad2 segment A CLAUT T TN TGRSR T REAUT TARANA -~V R NI TGAWA Y- -12 T TR TAATRTI®ARTI®TTA
Potanthus flavus KJ629167 ISP trnQ-nad2 ARRAATIRAATTRATTATREATAAAIRIAAATT TRIZAAAT TERIA® A T TR TAATRTHA A

Alignment length: 68; identity: 47 (69.12%); different: 21 (30.88 %).

nad2 segment B (559-622)

10 20 30 40 50 60 70
| | |
Potanthus flavus KJ629167 nad2 segment B JREAICTTCAATIEATIAASHEAG——AGA AV TIATRREITIAA - — A AT, AR - A
Potanthus flavus KJ629167 ISP trnQ-nad2 [TTATAY- S AAINTARAAT TAR RIAHAIAAAT TTAAINTTT/AAAN A\C| Al—— A - BTTA
Alignment length: 71; identity: 48 (67.61%); different: 23 (32.39 %).
nad2 segment C (665-738) (Kim et al. 2014, segment)
10 20 30 40 50 60 70

Potanthus flavus KJ629167 nad2 segment C TTA ATCLYNITA ALRIIT TRATATAAATTAIATIYAT TAAAA —-| CAUTAATTTI C A
Potanthus flavus KJ629167 ISP trnQ-nad2 TTA ASEAATIA ALEETTRATATAAATTARIATERTTAAAA C RARTAATTTI | TA

Alignment length: 76; identity: 55 (72.37%); different: 21 (27.63 %).

nad2 segment D (897-976)

10 20 3
| |
Potanthus flavus KJ629167 nad2 segment D AT TV TIYVAALGNRITANIGIAT
Potanthus flavus KJ629167 ISP trnQ-nad2 TTAT‘TAA AATTR Al

Alignment length: 80; identity: 54 (67.50%); different: 26 (32.50%).

60 7
|

0 0
| |
T

4 50 0 80

| | |

ATTAAARVTAALR AIOTTATTATAAT TTIREA®] A
SATTAAAIRITAAIS BAGITTATTATAATT TS 7T A

Kim, J.M, Whang, A.R., Park, J.S., Kim, I. Complete mitochondrial genomes of five skippers (Lepidoptera: Hesperiidae) and phylogenetic reconstruction of Lepidoptera. Gene 2014, 549, 97-112.



Alignment S7

nad2 vs ISP trnQ-nad2 pairwise alignments in Carterocephalus silvicola (KJ629163) (Hesperiidae, Heteropterinae)

Segment (Starting nucleotide-ending nucleotide)

nad2 segment A (17-85)

Carterocephalus silvicola KJ629163
Carterocephalus silvicola KJ629163
Alignment length: 72; identity: 47

nad2 segment B (139-208)

Carterocephalus silvicola KJ629163
Carterocephalus silvicola KJ629163

Alignment length: 76; identity: 47

nad2 segment C (233-298)

Carterocephalus silvicola KJ629163
Carterocephalus silvicola KJ629163

Alignment length: 77; identity: 47

nad2 segment A
ISP trnQ-nad2

10 20 30 40 50 60 70
| | | | | | |
ATNIAAAATA _ A VT NGIFAC AABTISTIOMAA Ao T A C

G A A A AT A (¢ G WAA— AN A AA AANI—IAL A

(65.28%); different: 25 (34.72%).

10
|

20

|
ATTARTIATTC TR -
Seos M I 7\ 1\ TTTATTRA

(61.84%); different: 29 (38.16%).

30 4 5
|

>

0
|
nad2 segment B C
ISP trnQ-nad2 |

0 60 70

| | |
NG T AAREE A QIATTTIIRIACT TEAATOTAT (e
ThA- AALRRIAASIA . ErATTY

4

10 20 30 0 50
I | I I
YRIAAAAATAATT TRRE TASR T TARRARAAAT TTIJE CAATT TR TTTAMIAIIGAAT TERJIAATI®A CC
[eCRESAAAAATAATT TRYRITA® ACHARIAAAT T TREEEATRAAT T TRV TTTARRAREAAT TERAATHA T

(61.04%); different: 30 (38.96%) .

60 70

nad2 segment C
ISP trnQ-nad2

nad2 segment D (408-480) (Kim et al. 2014, segment)

Carterocephalus silvicola KJ629163
Carterocephalus silvicola KJ629163

Alignment length: 78; identity: 51
nad2 segment E (927-994)

Carterocephalus silvicola KJ629163
Carterocephalus silvicola KJ629163

Alignment length: 72; ldentity: 49

Kim, J.M, Whang, A.R., Park, J.S., Kim, I. Complete mitochondrial genomes of five skippers (Lepidoptera: Hesperiidae) and phylogenetic reconstruction of Lepidoptera. Gene 2014, 549, 97-112.

20
|

10 30 40 50 60
| | | | |
nad2 segment D ECCCeANAATERTTTAT T(CJE&eTA CLIEA A T TLAAUALILEYA - AAIIAAE
ISP trnQ-nad2 [eCCCLAIMAATIVAT TTAT TEEEETACTERTTACETAIIAAA ETAATETTAA RTAARAA

(65.38%); different: 27 (34.62%).

70
|

AATIAS _
AA -QTEI;ET

nad2 segment E
ISP trnQ-nad2

10 20 30 40 50 60 70

| | | | | | |
AV AREAAAAATAAT TRATT T T- AT AOTTAARTT TOAALRIT TAECAATIIAT T T TI
Welvov/ AAAATAATTA - ABTAINITTAA AARSTT ASA A THATTUTTYY

(68.06%); Different: 23 (31.94%).



Alignment S8
nad2 vs ISP trnQ-nad2 pairwise alignments in Daimio tethys (KJ629165) (Hesperiidae, Tagiadinae)
Segment (Starting nucleotide-ending nucleotide)

nad2 segment A (17-86)

10 20 30 40 50 60 70
Daimio tethys KJ629165 nad2 segment-A AADIAAAATATTTTTTTL AT—* AAOTT T*G A CucC CAVICIAYAA- - ——[RICALIG
Daimio tethys KJ629165 ISP trnQ-nad2 + APJAGAAAATATTTTTTTIE ALAAPATAACT T —a— A BATRTETE AITANAAATALRITTIA
Alignment length: 75; identity: 49 (65.33%); different: 26 (34.67%).

nad2 segment B (173-250)

80
|

10 20 30 40 60 70
| | | | | |

Daimio tethys KJ629165 nad2 segment B CCTCYTPAAAATATTTTT TRALSTIAAIICAATURGE T TIWAITAATIRECTTATT T TIIATITTATTAAAAATAGTTTTIEA

Daimio tethys KJ629165 ISP trnQ-nad2 7 x (TA) + TIGUCAUANNNINRRRRRITAG-UTAR AR TAATEER T TATT T TR TR TTATTAAAAATASTTT Tﬁ

Alignment length: 80; identity: 56 (70.00%); different: 24 (30.00%).

50
|

nad2 segment C (408-478)

10 20 30 40 50 60 70

|
Daimio tethys KJ629165 nad2 segment C ceC SATT G ALITTAAALIIASAZAANITTTITAAT TR AAJRIN RV - - —WACHAGC]
Daimio tethys KJ629165 ISP trnQ-nad2 7 x (TA) + T¢ A B TR T TRT TACTTAAARASAIJAACTTTITAAT BT TRTRET TATTAALGTALITLRN
Alignment length: 76; identity: 50 (65.79%); different: 26 (34.21%).

nad2 segment D (681-759) (Kim et al. 2014, segment)

10 20 30 40
| | | |

50 60 70 80
| | | |
Daimio tethys KJ629165 nad2 segment D BAIRITAALIAIIAAS @ TTRARTTICAAAIRITUEST T TAYTAA TGGGAGGAYTACCCC A
Daimio tethys KJ629165 ISP trnQ-nad2 7 x (TA) + Anl “—a—m aGLE Am e TTRTASTAATL & ---AL -a--—--Ll-i A
Alignment length: 85; identity: 50 (58.82%) different: 35 (41.18%).

nad2 segment E (808-880)

10 20 30 40 50 60 70
Daimio tethys KJ629165 nad2 segment E EgmmgcmTTTﬁTATﬁAc
Daimio tethys KJ629165 ISP trnQ-nad2 7 x (TA) + Cl A A | AR T TARERARAATAAGT TTARETART TTATTTTTTTATERTRYAAARTATTTRT L
Alignment length: 77; identity: 54 (70.13%); different: 23 (29.87%).
The repeated element (TA)7 was not included in the alignment

Kim, J.M, Whang, A.R., Park, J.S., Kim, I. Complete mitochondrial genomes of five skippers (Lepidoptera: Hesperiidae) and phylogenetic reconstruction of Lepidoptera. Gene 2014, 549, 97-112.



Alignment S9

Multiple alignment of trnMs and ISPs trnQ-nad?2 in selected species of the family Hesperiidae.

Hesperiidae
10 20 30 40 50 60 70 80 90
I [ I I | I I I I

Daimio tethys trnM  ——eoeee TARRRAAAAT ANCE TEEEE AASTETAS TRCRelelo TREAT ACSTOAAA TITANACEEE RS AN ICoe TN TTTTTALY Tagiadinae
Pyrgus maculatus trnM  ——oomeo T AR N\ AT A clo) T RE— WARANCO T TcRele ] TROAT ACCCCAAATINT AAACENC \ R \ACWO T TTTTTALV S IS LTIED
Rachelia extrusus trnM — ———oo—o TARSEAAAAT AN Clo T E—— AAITRTARANGE T Tjfelicle ] TROAT ACCCOAAA T/ T ALACREG \TRE \yACRe TN TTTTTAYSEE  ERIEHEAILES
Barca bicolor trnM  ——eee iB---IYNccg--------- AARTARAS TH{ERElET TREAT AT EAAA TATARAREEG \oB A ICT@ Tl TTTTTANY Barcinae
Malaza carmides trnM  ————eee TARRRAAAAT ANCE TEEEE AAATETASARGE T TLeRele |l TREAT AN eAAA 1IN T ACAEEG S ANACHe iy TT 1T TAYY Malazinae
Potanthus flavus trnM  ————mm- iB---INecg--------- AAATRTARANGE T TjfcRce TRe Hcccc A G--fR-—-Arhacc Timmam A~ [ Hesperiinae
Daimio tethys ISP trnQ-nad2 TATCTCA-M———W—WGTTM -A- -0 DA - "Tﬁ l———T———ﬁAﬂ———n— --N ATTTTT
Pyrgus maculatus ISP trnQ-nad2 TA-CATA- pguc-—------- AA TRIABTATEARAARTITASAAT TETARANTEASEEAS --- T-- [ |
Barca bicolor ISP trnQ-nad2 ~  -—---——- Gm -3---% T ANANT R TR ARAARTE TENAA T TIAATETALALS TRAEEAS ATTTTTIRS
Rachelia extrusus ISP trnQ-nad2  -------- TAREEAAAATABIITTTTTTAREEAAARIAS ARTITRARNAARTEEANAAT] [T TTACAEE TIVAREEATAREAT) - 1R
Malaza carmides ISP trnQ-nad2 e BV TAAIIAAAAATARETTT TEEESEEES AALIATNA TRAA ARAARTRTRIAATI TIAAT TTALEEE TEACHeARARSATIATTT T TS
Potanthus flavus ISP trnQ-nad2  ------- TARIIAAAAATARTTEEEESEEES AALN ARAARTRTRINAATI TAST TTALEEE TR AR ASARIET - 1B

Y, fully conserved nucleotide; [, partly conserved nucleotide;
N, nucleotide peculiar for trnl; , nucleotide peculiar for ISP trnQ-nad2
, position where the alignment cannot be done with certainty.



10 20 30 40 50
[ [ [ [ I
Heliophorus eventa trnil || | AAAAINTIA ACloai AAANITA AN GeECA-AccEcANNATA
Lycaena li trnM -——-1 AMAGCTRNATITIAG GGEIICA-ACCECARNIATA
Ahlbergia circe trni e 1| TAAAATT A Afoa1 A INARTA A A (ceCT Tl BTACeCHNAAT/NIA
Favonius orientalis trni -——-1ll ANAGCTRNACINA-G GGElIICA-ACCECANNIATA
Aricia agestis trnl || | AAAAINTIA Acloai A AASTTA AAE GeEpCA-AccEcANNiATA
Celastrina argiolus trnh -——- ANAGC TN -AAG GGEIICA-ACCECARNIATR
Apodemia mormo trn I T AAAANTI A Acloni A AARTTT AN GGEepCA-AccTcARCTATA
Dodona_durga trnh -—-iig ANAGCTRNA-/NAG GGEIICA-ACCECARNIATA
Heliophorus eventa ISP trnQ-nad2 LT TR TAAAREA ASSE ARASIRA ARSIV ASCIT TASRACEE S AR GgA
Lycaena li ISP trnQ-nad2 Cl------- A- - - =T AR- AR - ---R-E-A
Ahlbergia circe ISP trnQ-nad2 LT TN TAAASERTA ASSES A SR TA A | B-ARA-g----R-1EAR
Favonius orientalis ISP trnQ-nad2 T Tl TAGRFARINA ATESA AR /A AR BRIV AR T TACIRACEEES AR GEARITESEA|
Aricia agestis ISP trnQ-nad2 (o7 TR TIVAREERTA ASES ANARIA ARSCIRIYe ABCHT TASIA TR/ ARTES AR TR TRAL
Celastrina argiolus ISP trnQ-nad2 LT TL TASEEEA ASEE ARARIA A RS B-AmR-i-g-c--R1-g-A
Dodona_durga ISP trnQ-nad? T - - - - MR- - - - - - B -G -B-AURAAL G TE TTR T -- A6 —- AT - B
Apodemia_mormo trnQ-nad?2 - -—--CA---ATA- A GAAT - —— - IA-- U TET-AcTA-Re--AThAR

Alignment S10

Multiple alignment of trnMs and ISPs trnQ-nad?2 in selected species of the families Lycaenidae and Riodinidae.

Lycaenidae + Riodinidae

N, fully conserved nucleotide; [|, partly conserved nucleotide;
N, nucleotide peculiar for trnM; [, nucleotide peculiar for ISP trnQ-nad2
, position where the alignment cannot be done with certainty.

L
— 1O
el

—

—

] e

70

[
T TR
T TIRTYY
BT TTTILEY
-DULERIAAA
T TR
ST TIETTAYY
ST TETILY
T TIRTYY
AAC-—-
AL~
WAL
AL~
WAL
G-
AATIA- -
AL G-~

Lycaeninae
Theclinae
Polyommatinae

Riodinidae



Alignment S11

Multiple alignment of trnMs and ISPs trnQ-nad?2 in selected species of the subfamily Pierinae.

Pierinae
20 30 40 50 60 70
| | | | | |

Anthocharis cardamines trnM SAGEIAALT TAACIIT T TEle[eiC THATACET A TATLRISTTTYT®TT]
Baltia butleri trnM SAGEIAACT TAACI T T Tieleley | THATACET GA-ISiC-CIRETHCIYA
Pontia callidice trn) SACRIAAET TARCORIT T Te[eC THATACOT®AAAT] CASTATOECTTYTETT]
Talbotia_nagana trni SACOIAAT TARCORIT T T/e[e[elC TATACOT®AAAT] GAAIA- CCCIRITHCIMAA
Appias lyncida trni SACRIAAET TARCORIT T Te[[eC TUATACOT®AAAT] CASTATOETTTYTETT]
Pieris brassicae trnl -ECc TARARIAAGCTAIRIGGGRRICAIASCCC GA-INI-ACIHEI THCIY2A
Aporia crataegi trnl SAGEIAALT TAACIRIT T TiEle[eiC TUATACET® GA-I-CCTCIREITICI
Delias hyparete trnl SAGEIAAET TAACISIT T Tiele[eiC TUATACET® AR TRIOET T TYTOTT]
Anthocharis cardamines ISP trnQ-nad?2 N IGEEAANT TARASEINT TEEEE TEENALY RS AA TANA n VA TS T T TAT TT THAS
Baltia butleri ISP trnQ-nad2 (R ICERAACT TARASEINT TEEEE TESIE EIEA A TEINAREEE TREER TN TAT TT TS
Pontia callidice ISP trnQ-nad2 C (M ICERAACT TARASEIIT TEEEETESIE E A TEINAREEE TERE -
Talbotia nagana ISP trnQ-nad?2 ST T T TORAATNARIRARE CERAACT TALIASEYAT TEESE TR NACES A A TEINA A TEEEER T T TAT TT TR
Appias lyncida ISP trnQ-nad2 = ————————n AAR ARSI R A AT TAR ARSI T TRES G T N ITATESS AL TENEEE T T TAT TT TRAS
Aporia crataegi ISP trnQ-nad2 LT T T TIRIAANARSASAGESAAL T TANASEIIT TEEEE TEE IO/ NI AA TR TR TTTATTTTAAS
Delias hyparete ISP trnQ-nad2 -[AcccciM-A---—-8--ACmA R-- m---Cg--------- O TAREEE TTTAT TT TRAS
Pieris brassicae ISP trnQ-nad2 = --——-—- AALIARSIA FACES A AGT T AR ARSI T TEEEE T HATEE A A TR | TTTATTTTAAS

Y, fully conserved nucleotide; [, partly conserved nucleotide;
N, nucleotide peculiar for trnl; , nucleotide peculiar for ISP trnQ-nad2
, position where the alignment cannot be done with certainty.



Alignment S12

Multiple alignment of trnMs and ISPs trnQ-nad?2 in selected species of the subfamily Satyrinae (Nymphalidae).

Satyrinae
10 20 30 40 50 60 70 80
| | | | | | | |

Melanitis phedima trn\ TA GC A-AG WITGGGC CIAT A GER Cl-CE--II TR
Faunis aerope trnl GC A-AG WEITGGGC CRM A GER C-CCE--1il TN
Elymnias hypermnestra trnM TA GC AR-AG WRITGGGC CAAAT GE@A- -GCE-- il T
Callerebia suroia trni TA AC! ASACETT cleleleleleCATCCCHeAAA Y SMENGC A -CCE-- il T~
Ypthima baldus trnM TA GC N-AG WRITGAG e AAANNIAARC A AS TN ICERT AL T TT TIARS
Maniola jurtina trnh TA GC A-2G WRITGGGC o AAAA GEA- -CCE-- 1l TR
Melanargia caoi trnM TA GC N-AG WEITGGGC e AAATE GEla- CCCE--IlTAR
Hipparchia autonoe trnh TA GC GY-AG WRITGGGC e AAATE GEla- -CCE-- 1l TR
Oeneis urda trnM TA GC ARALG IIRITGGGC CRMA A GER -CCE-- il TN
Davidina armandi trnh TA GC ARALG IIEITGGGC CI A GER -CCCE-- il T
Coenonympha amaryllis trni TA GC B-AG WEITGGGC CAMA A SEA O CER I TUTTTT]
Ninguta schrenckii trnh TA GC A-2G WAITGGGC ®AAATIA (€GA SOCER T TYTTTT!
Neope_pulaha_trn\ GC A-AG WEITGGGC CRM A G- (MeCER T TYTTTT]
Pararge aegeria trnM GClj- A-1G QRITGGG CCVYA A GER S CCER T TUTTTT]
Lopinga achine trnM GC ARACRTITIee ®AAATTA (€GA -CCCE--IlTINN
Lasiommata deidamia trnl TA GC ASACRTITcleleleeCAT] CIM A (€CA -ACE-- il TN
Lethe albolineata trn\ TA GC -G EITGGGC CIVY A (€GA -CCE--l TLRRRI
Minois dryas trnll TA GC AR-1G IIRITGGGC CAAAINIARAEC A --CE-- i T
Melanargia caoi ISP trnQ-nad2 TA - - -——-0- e A VAN Al -To-- --
Lopinga achine ISP trnQ-nad?2 TA -R---- GATHIT BT CATIECC T AR A Ti—m __
Callerebia suroia ISP trnQ-nad2 T A A @Ac-- §i-- ST Yy T COM A\ A __R TE---{j-IRR-
Ninguta schrenckii ISP trnQ-nad2 TA I\ S— GATALSTES T-J-B--—————-- A M ICER TATTT TRAAR
Maniola jurtina ISP trnQ-nad2 B GATEESTIS ClEuTT-A-N -~ A GRS TATTT TAAR
Faunis aerope ISP trnQ-nad? TARAASTAALYNTEAATCA TR T A T L e e /A TATTTTAAS
Lethe albolineata ISP trnQ-nad? TA - —- --- - (S CATLICOEE AREEEEE Al -TO-- - -
Pararge aegeria ISP trnQ-nad2 - GATALYT I CIA TR /A T A -Te-- --
Melanitis phedima ISP trnQ-nad?2 B --------- GATRESTIS UTTTTR-— ===~ AR INICEENTATTTTGAAS
Elymnias hypermnestra ISP trnQ-nad2 - [R----{-————- ONI-TAL - T- - ARS A-CT-1m-T-
Minois_dryas ISP trnQ-nad2 - - T CATECHITEAACEEEEEE Al LICRRT TAT T T TRAAR
Oeneis urda ISP trnQ-nad?2 T AAARSAARY -0 O-TTi-R === ARS SLCERITATTT TgAAR
Hipparchia autonoe ISP trnQ-nad2 TA -¥A--- GATASETIIS I CATEECTEANATEESEE Al SLICEETTATT T TAAR
Davidina armandi ISP trnQ-nad?2 m----————- GATASET U-T-i-R - A LG TATTT TRAAR
Coenonympha amaryllis ISP trnQ-nad2 A | A AR NN G\ TR e AACEEE ARS SLCER T TATTTTRAAR
Lasiommata deidamia ISP trnQ-nad?2 TAAASE—— GATABAT] -1gg---u-Ran-- - - - A SLICER TAT T T TRAIE
Neope pulaha ISP trnQ-nad2 B----------- EAC -Al-- S ICATE RN IARAEESEE R-- ~TETTUUNERR-C-
Ypthima baldus ISP trnQ-nad2 By CATESET] ARETT-I-A - ARE SICER T TATTTTI

Y, fully conserved nucleotide; [, partly conserved nucleotide;
N, nucleotide peculiar for trnl; , nucleotide peculiar for ISP trnQ-nad2
, position where the alignment cannot be done with certainty.



Meitanaphis elongallis trnM

Nurudea ibofushi trnM
Schlechtendalia peitan trnM
Floraphis choui trnM

Melaphis rhois trnM

Melaphis rhois ISP trnQ-nad2
Floraphis choui ISP trnQ-nad2
Schlechtendalia peitan ISP trnQ-nad2
Nurudea_ibofushi ISP trnQ-nad2
Meitanaphis elongallis ISP trnQ-nad2

Floraphis_choui ISP trnM-trnQ
Meitanaphis_elongallis ISP trnM-trnQ
Schlechtendalia peitan ISP trnM-trnQ
Melaphis rhois ISP trnM-trnQ
Nurudea_ibofushi ISP trnM-trnQ
Nurudea ibofushi trnl
Schlechtendalia peitan trnl

Melaphis rhois trnl

Meitanaphis elongallis trnl
Floraphis_choui_trnl

Pemphigidae (Hemiptera)

trnM vs ISP trnQ-nad?2 alignment

10 20
| |
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Alignment

S13

30 40
| |
_______ AN -CIVA - - -
TIUATTA A - TAA
—— SACTY -
-TTAAICAATC--
_________ . S
G- TUYY-GG
G- AAAAREE
G- -IYY-cG
CRTeTCAARAAAREE
G- -IY-cG

90

®
-_— O

I
—
(@]
—
=]
—
—
—
—
(@]
=

INYTTTTTCTA
N TTTTTCTA
N TTTTTCTA
INUTTTTTCTA
| | T TTCTA
| | 1 TTCTA
| | 1 TTCTA

T TTTTCTA

I

I

I

|
=
—
—
—
—
(@]
=

e

O 0000



Trypodendron
Trypodendron
Trypodendron
Trypodendron

Trypodendron
Trypodendron

Trypodendron
Trypodendron

Trypodendron
Trypodendron

Trypodendron
Trypodendron

Trypodendron
Trypodendron

Trypodendron signatum: pairwise alignment of a genomic portion (3’ end of

Alignment S14

Curculionidae (Coleoptera)

trnM vs ISP trnQ-nad?2 alignment

10 20 30 40 50 60 70 80
| | | | | |
domesticum ISP trnQ-nad2 37p —TTHW—T ﬂ CepjCATCACCT - NCT T m-m -------------------------
signatum ISP trnQ-nad?2 YA AAAGARANG S TRACT Ao ATAINRICAARCHARA ALYV ATN ¥
signatum trnM -- —m A = —ANA—‘AAG—— CENTEATAGSECAAT CACM GGIGICACCC- TCYTT -
domesticum trn -G VR Al - compcNRcccl- S MG Acy Tl ICAASCCClRRI-ClTTIREA -
3'p +trnl vs ISP trnM-trnQ 5’p alignment
10 20 30 40 50 60
I I I | | I
signatum 3’p + trnl ATTTAAAALN AAT TR - C“‘CCWW-MC ARAAAA
signatum ISP trnM-trnQ 57p A AAAAGEAAAT(E 2CCCLur: TTT—““T"—TTTT‘——iiTTE— ‘Tﬁ@@@
70 80 1

90 00 110 120

| | | | | |

signatum 37p + trnl Coa TCAATAAAIRRY AAAITA CAAIIYY YO TACAINATTINIATG AAAAAA
signatum ISP trnM-trnQ 57p CLE® TCAATAAAREERAATAAAGTART T TRANTTAAAACKEIEAASEATRIGBETTTAAAAAA
0 15 60 170 18

130 14 1 0
) | | | | | |
signatum 37p + trnl LI-IACC AALY.Y. A AL RIACATEIAREARYNTEARSATTCLENIAA YNIT--[i
signatum ISP trnM-trnQ 57p [TTETTEEE YAGTGCAYACC-L ‘CCECCECG TET A (E[¢AA SAAT G
190 200 210 220 230 240
I I I I I I
e tnl —————————
signatum 3’p + trnl A LUAA [EATelo G‘TW— ‘TAGm CIYIGG
signatum ISP trnM-trnQ 57p JACAAATRAACT TRES ATRS AZAAAA -2 AREEAARAT TREATEE
250 260
I |
______________________ >
signatum 3’p + trnl CCLAALIIS S ICAIA - TIIA
signatum ISP trnM-trnQ 5°p  ———|J-- TAITTTCCTLRITAE®TA

+ trnl) and the first 221 bases of the ISP trnM-trnQ



Alignment S15

Multiple alignment of trnS1 sequences of selected species of Lepidoptera

10

1
1234567
>Eogystia_hippophaecolus_KC831443_trnS1™”

>Papilio_glaucus_KR822739_trnS1*
>Papilio_helenus_KM244656_trnS1™*
>Graphium chironides KP159289_trnS1*T
>Ornithoptera_richmondia LT999980_trnS1l
>Pharmacophagus_antenor_ LS975119 trnSl
>Parnassius_apollo_ new00000 trnSl
>Parnassius_nomion MF496134 trnSl

>Macrosoma_conifera MT852025_trnS1l

>Euschemon_rafflesia KY513288_trnS1l
>Tagiades_vajuna_ KX865091 trnSla
>Tagiades_vajuna_KX865091_ trnSilb
>Daimio_tethys KJ629165 trnSl
>Celaenorrhinus maculosa KF543077_trnS1
>Ctenoptilum vasava JF713818 trnSla
>Ctenoptilum vasava_ JF713818 _trnS1bAcT
>PyrgusimaculatusiKP6892657trn81
>Ochlodes_venatus_HM243593 trnS17¢*

>Colias_croceus _KM592967_trnS1l
>Aporia_crataegi_JN796473_trnS1l
>Anthocharis_bambusarum KC465748_trnS1l

>Danaus_chrysippus_KF690637_trnS17?
>Acraea_egina_KT371359 trnSlACT
>Limenitis camilla MG747618 trnSl
>Apatura_laverna MF444860_trnSl
>Heliconius_pachinus_KM014809_trnS1l

>Abisara_fylloides_HQ259069_trnS1 (cluster G)
>Dodona_durga MN012981_trnS1 (cluster G)
>Dodona_eugenes_MT890732_trnSl (cluster G)
>Zemeros_flegyas_MK521434_trnSl (cluster G)
>Apodemia_mormo_KJ647171_trnS1 (cluster G)

>Curetis_bulis JX262888_trnSl (cluster G)
>Sp1ndasls takanonis HQ184266 trnS1Tc?
>Aricia_agestis_LR990279 trnS1%°T (cluster A)
>Plebejus_argus_FR989949 trnS12T (cluster A)
>Plebejus argus MN974526 trnS1? (cluster A)
>Lysandra_bellargus HG995365 trnS1*°* (cluster A)
>Lysandra_coridon_HG992145_trnS1*°T (cluster A)
>Cupido_argiades_] KC310728 trnS1:T (cluster A)
>Japonica_lutea KM655768 trnSl“T (cluster A)
>Coreana raphaells DQ102703 trnS1*¢T (cluster A)
>Ahlbergia_circe MN012968 trnS12°T (cluster A)
>Quercusia_guercus_KM592971 trnS1*? (cluster A)
>Howarthia_ caelestis_MN012990_trnS1*T (cluster A)
>Favonius_orientalis MN012986_ trnS1** (cluster A)
>Lycaena_phlaeas_JX262887_trnS1™" (cluster T)
>Lycaena_phlaeas_HG995187_trnS1™" (cluster T)
>Heliophorus_eventa MN012991 trnS1™T (cluster T)
>Lycaena_li MN012993 trnS1%T (cluster T) A
>Lycaena_li MN012993_trnS1*' (cluster T) G
>Heliophorus_eventa MN012991_trnS1*°T (cluster T)
>Celastrina_argiolus_LR994603_trnS*? (cluster T)
>Celastrina_argiolus_LR994603_trnS1™" (cluster T)
>Plebejus_argus_FR989949 trnS17? (cluster T)
>Plebejus_argus_MN974526 _trnS17cT (cluster T)
>Aricia_agestis_LR990279 trnSl“T (cluster T)
>Cyaniris_semiargus_ LR994570 trnS17T (cluster T)
>Lysandra_bellargus_HG995365 _trnS17CT (cluster T)
>Lysandra_coridon_HG992145 trnSl“T (cluster T)
>Shijimiaeoides_ divina KT897723 trnS17T (cluster T)
>Glaucopsyche alexis FR990065 trnS17°? (cluster T)
>Ahlbergia_circe MN012968_trnS1™ (cluster T)
>Protantigius_superans_HQ184265_trnS1™" (cluster T)
>Howarthia caelestis MN012990_trnS1™ (cluster T)
>Coreana_raphaelis_DQ102703_trnS1™? (cluster T)
>Quercusia_quercus_KM592971 trnSlTCT (cluster T)
>Favonius_orientalis MN012986 trnS1™T (cluster T)

@ @

1234567
0000000
1234567

Legend

, the background base for the position.
E, half-compensatory base change in the stem pair (e.g.
’

Q 0

T-Gvs C - G;
half-compensatory base change in the stem pair exhibiting a mismatch (e.g.

30 40
| |

123456

H A

H A

M A

Al

A

A

C

A

A
543214 123456
EEEEE 444444
20123} 123456

A-T vs G-T).

T-A vs A-RA).

N, N, fully compensatory base change in the stem pair exhibiting a mismatch (e.g. C-G vs T-T).

NP
N

type I fully compensatory base change in the stem pair (i.e.

, N, type II fully compensatory base change in the stem pair (i.e.

Different colors are used to better differentiate the changes.

N, a mismatch in the in the stem pair; N,
, substitution pattern not modelled.

*, position in which a mismatch is prominent.

N, molecular signature for a taxon.

anticodon; d, discriminator nucleotide

a mismatch in a pair not always fully consistent

purine - pyrimidine vs purine - pyrimidine,
purine - pyrimidine vs pyrimidine - purine,

(e.g. 5

50
|

5).

=]

60
|
6543217654321

T}
T

6543217654321f
5555566666666
567890123456 7]

Cossidae
Papilionidae

Hedylidae

Hesperidae

Pieridae

Nymphalidae

Nemeobiinae

Riodininae

Curetinae
Aphnaeinae
Polyommatinae

Theclinae

Lycaeninae

Polyommatinae

Theclinae

e.g. G- Cvs A-T).
e.g. A - Tvs T - A).

position 1-7 in the acceptor stem; x position 1-4 in the DHU stem; K position 1-5 in the anticodon stem; X position 1-5 in the TYC stem; ant,

A compensatory base change implies the substitution of a nucleotide with a different base that does not disrupt the pairing in the stem.

Only trnSls different from plesiomorphic condition trnS1¢°T,

Reference

are labelled with their anticodon i.e.

trnS12°T and trnS1™?T,

Montelli, S., Peruffo, A., Patarnello, T., Cozzi, B., Negrisolo, E. Back to water: signature of adaptive evolution in cetacean mitochondrial tRNAs. PLoS ONE 2016, 11, e0158129.



Alignment S16

Multiple alignment of trnF sequences in Hesperiidae

10 20 30 40 50 60 70

| | | | |
1234567 12345l S54321] 12378 [13217654321f]
Hasora anura KR189008 trnF Coliadinae
Hasora vitta KR076553 trnF
Hasora badra MK238674 trnF
Hasora chromus MN182753 trnF
Burara striata Kv524446 trnF
Choaspes benjaminii KJ629164 trnF
Euschemon rafflesia kKv513288 trnF
Achalarus lyciades cM009487 trnF
Lobocla bifasciatus KJ629166 trnF
Daimio tethys KJ629165 trnF E c]
Tagiades vajuna Kx865091 trnF
Abraximorpha davidii MT371044 trnF
Celaenorrhinus maculosa KFr543077 trnF E
Erynnis montanus MN012984 trnF
Erynnis tages LR990102 trnF
Pyrgus maculatus Kp689265 trnF
Pyrgus maculatus MN013011 trnF
Pyrgus malvae BK013352 trnF
Leptalina unicolor MK265705 trnF
Heteropterus morpheus Krgg81050 trnF
Carterocephalus alcina MN012974 trnF
Carterocephalus silvicola kKJ629163 trnF
Rachelia extrusus MN919192 trnF
Apostictopterus fuliginosus MH985707 trnF
Barca bicolor MH985708 trnF E
Malaza empyreus MN919190 trnF
Malaza fastuosus MK301537 trnF
Malaza carmides MN919191 trnF
Ampittia dioscorides KM102732_trnF E
Ampittia subvittatus MNO13003 trnFa
Ampittia subvittatus MNO13003 trnFb B
Ochlodes sylvanus FrR990152 trnF
Ochlodes thibetana MN013004 trnF E
Hesperia comma FR990041 trnF
Polytremis jigongi KP765762 trnF
polytremis nascens KM981865 trnF
Ochlodes venatus HM243593 trnF
Lerema accius KT598278 trnF
Parnara guttata Jx101619 trnF
Pelopidas mathias MW264491 trnF
Erionota torus MwW586888 trnF
Notocrypta curvifascia MH763665 trnF
Potanthus flavus KJ629167 trnF
Astictopterus jama MH763663 trnF B E
Isoteinon lamprospilus MH763664 trnF
Megathymus beulahae KY630505 trnF
Megathymus yuccae KY630500 trnF
Megathymus ursus violae KY630502 trnF
Megathymus cofaqui cofaqui KY630503 trnF
Megathymus streckeri Ky630501 trnF
Agathymus mariae KY630504 trnF

Eudaminae

Tagiadinae

=
=]

Pyrginae

SN
5

Il Euschemoninae

=

Heteropterinae

P Il Trapezitinae
2] B Barcinae

Malazinae

T Hesperiinae

ant TEER & [EES Pi32176543210

(00000001111 2222122233 CIC 34444 4459 [§666666666 7|4
Pairwise alignment of trnFa and trnFb in Ampittia subvittatus

Ampittia subvittatus MNO13003 trnFb [ATTTAAATAGCTTAAAATTAA TATTAAGGTGATTARERAAAATCTTTAAATAR (SR Fele) d [o[S1) |

12345671234} 4321812345 Tl 54321} 12378 (13217654321}
Alignment length: 69; [EERIERR;: 64 (92.75%); different: 5 (7.25%).

Ampittia subvittatus MNO13003 trnFa ATTTAAATAGCTTAAAATTAAAGTTTAATAT IVNEUNNEERENEIAA A AIVNNNTSREIVYNEY [69 nucleotides]
AGTTTAATAT

Legend

, the background base for the position.
[, half-compensatory base change in the stem pair (e.g. T - G vs C - G; A-T vs G-T).
W, half-compensatory base change in the stem pair exhibiting a mismatch (e.g. T-A vs A-A).
N, N, fully compensatory base change in the stem pair exhibiting a mismatch (e.g. C-G vs T-T).
N, |, type I fully compensatory base change in the stem pair (i.e. purine - pyrimidine vs purine - pyrimidine, e.g. G - C vs A - T).
NG m, type II fully compensatory base change in the stem pair (i.e. purine - pyrimidine vs pyrimidine - purine, e.g. A - T vs T - A).
Different colors are used to better differentiate the changes.
N, a mismatch in the in the stem pair; N, a mismatch in a pair not always fully consistent (e.g. 5 5).
, substitution pattern not modelled.
*, position in which a mismatch is prominent.
N, N, molecular signature for a taxon.
), position 1-7 in the acceptor stem; N position 1-4 in the DHU stem; x position 1-5 in the anticodon stem; X position 1-5 in the T¥C stem; ant,
anticodon; d, discriminator nucleotide
A compensatory base change implies the substitution of a nucleotide with a different base that does not disrupt the pairing in the stem.
Only trnSls different from plesiomorphic condition trnS1°?, are labelled with their anticodon i.e. trnSI12°T and trnS1™?.

Reference

Montelli, S., Peruffo, A., Patarnello, T., Cozzi, B., Negrisolo, E. Back to water: signature of adaptive evolution in cetacean mitochondrial tRNAs. PLoS ONE 2016, 11, e0158129.



Alignment S17

The intergenic spacers: ISP trnQa-trnQb, ISP trnQb-trnQc and ISP trnQc-trnQd

Bhutanitis_thaidina MN012973 ISP trnQa-trnQb (segments: A, B, C, D)
ATTACCCTATTATATTGAATTTATATTTCAAAAAAAAAAATCCCCCTGATTTGATTTTTTAATATTAATTCAAATAAAATATTTTTTTACCCTTTTTTTTAAAAAAATTGCCTG
ATCAAAAGGATTATTTTAATAAATAAAAAATGTAATATAACTACCTTTA

Pairwise alignments of portions of ISP trnQa-trnQb with ISP trnQd-nad2, CoRe 3’-end, trnM an trnl
Bhutanitis thaidina MN012973 ISP trnQa-trnQb  (segment A)  [NEECEGISAISVNRIENRRINNRRIT NV NV VYV VIANCOee6) - — - ————
Bhutanitis thaidina MN012973 ISP trnQd-nad2 ATTACCCTATTATATTGAATTTATATTTCAAAAAAAAAAG TTTTAA
Bhutanitis thaidina MNO12973 ISP trnQa-trnQb (segment B) ARTLRIGATTTRTTTAATATTAATESE $Fﬂ;ﬁ— AYA A
Bhutanitis thaidina MNO12973 CoRe (3” end) A OGATTTIATTTAATATTAATL JAAIJAIITAAAAZA Ci A

Bhutanitis thaidina MN012973 ISP trnQa-trnQb (segment C) CCCTTTTTTTTAA
Bhutanitis thaidina MNO12973 trni TTAAAAATAAGCTAAATTTAAGCTTTTGGGTTCATACCCCAAATATAAAGGAAACKH S HRNIRNRIA
Bhutanitis thaidina MN012973 ISP trnQa-trnQb  (segment D) BN ANTGCCTGATCAAAAGGATTATT T TIHATAMAATAAAAAATGTAATATAARTACCT T TARSS
Bhutanitis thaidina MN012973 trnl AﬁTﬁEﬁGTGcCTGATCAAAAGGATTATTT IEATAEAATAAAAAATGTAATATAAIITACCTTTAIREY

Pairwise alignment of ISPs trnQ-nad2 in species of Bhutanitis

Bhutanitis thaidina MN012973 ISP trnQd-nad2 A®Se TATTATATTGAATTTATATTTCAAAAAAAAAATCCCCCTATTTTAA
Bhutanitis mansfieldi LT999973 ISP trnQ-nad2 ATRAIRRITATTATATTGAATTTATATTTCAAAAAAAAAATCCCCCTATTTTAA
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