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Abstract

In the present study, we report the high-coverage complete mitochondrial genome (mitogenome) of the cricket Cardio-
dactylus muiri Otte, 2007. The mitogenome was sequenced using a long-PCR approach on an Ion Torrent Personal Ge-
nome Machine (PGM) for next generation sequencing technology. The total length of the amplified mitogenome is 16,328
bp, representing 13 protein-coding genes, 22 transfer RNA genes, two ribosomal RNA genes and one noncoding region
(D-loop region). The new sets of long-PCR primers reported here are invaluable resources for future comparative evolu-
tionary genomic studies in Orthopteran insects. The new mitogenome sequence is compared with published cricket mito-
genomes. In the taxonomic part, we present new records for the species and describe life-history traits, habitat and male
calling song of the species; based on observation of new material, the species Cardiodactylus buru Gorochov & Robillard,
2014 is synonymized under C. muiri.
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Introduction

In the era of next generation sequencing technologies, complete mitochondrial genomes (mitogenomes) are
becoming a common and valuable resource for phylogenetic studies and molecular systematics (Crampton-Platt et
al. 2015, 2016; Gomez-Rodriguez et al. 2015). In a recent phylogeny of the diverse and ancient insect order
Orthoptera, Song et al (2015) used both mitogenomes and traditional molecular markers as sources of
phylogenetic information. They showed that despite the long evolutionary history of these insects, their
mitogenome has remained relatively stable, making it a powerful tool to resolve phylogenetic relationships.
However, mitogenome sequences have been little investigated in Orthopteran insects compared with other animal
groups (Zhou et al. 2010), and large areas of their phylogenetic tree are barely or not documented when
considering these data. This is particularly true in the superfamily Grylloidea. Despite the diversity of crickets and
their allies, only a handful of mitogenomes are available today in databases (four in Song et al. 2015). The families
Gryllotalpidae, Myrmecophilidae and Schizodactylidae are each documented by one species, while the "true
crickets", comprising three large families, namely Gryllidae, Phalangopsidae and Trigonidiidae (Chintauan-
Marquier et al. 2016), are represented only by five species belonging to a single subfamily (Gryllinae):
Teleogryllus commodus (Wolff et al. 2012), Teleogryllus oceanicus (Zhou et al. 2015), Loxoblemmus equestris,
Teleogryllus emma and Velarifictorus hemelytrus (Yang et al. 2016a). The direct consequence of this is that the
phylogenetic information of mitogenomes between and within cricket families has never been evaluated.

In this study, we present a new set of primers to obtain mitogenomes from long-range PCRs in next generation
sequencing (NGS) (e.g., Jia et al. 2014, Hinsinger et al. 2015) and report the complete mitogenome of
Cardiodactylus muiri Otte, 2007. This species belongs to the subfamily Eneopterinae, which is characterized by

Accepted by D. Rentz: 15 Mar. 2017; published: 15 May 2017 101



diverse shapes and original features related to acoustic communication (e.g., Robillard & Desutter-Grandcolas
2004a, b; Robillard ef al. 2013; ter Hofstede et al. 2015). In the taxonomic part of the study, we revise C. muiri
based on recent collections in New Guinea (Papua province, Indonesia) and C. buru Gorochov & Robillard, 2014 is
synonymized under C. muiri. We also present new geographic records for the species and describe life-history
traits, habitats and male calling song.

Materials and methods

Materials. The new material was collected in the “Lengguru 2014 expedition in Papua, Indonesia and will be
deposited in the collections of the Muséum national d’Histoire naturelle Paris, France (MNHN) and in the Museum
Zoologicum Bogoriense, Bogor, Indonesia (MZB). The crickets were collected mostly by sight, night and day, in
order to observe the habitat and activity of the species. Square brackets in the list of specimens are used for
additional information not mentioned on the specimen labels or translated from French labels.

Molecular techniques. Total genomic DNA was extracted from the median femoral muscles using the
NucleoSpin® 96 Tissue Kit (Macherey-Nagel, Germany) and the automatic pipetting robot Eppendorf epMotion
5075 TMX following the manufacturer’s manual. The complete mitochondrial genome sequence of C. muiri was
obtained by overlapping three DNA fragments (> 5.5kb) amplified by long-range PCRs and the HotStart
LongAmp® Taug DNA polymerase (New England BioLabs® Inc., Ipswich MA). The primers used for these PCRs
are presented in Table 1. The amplicons were sequenced using the lon Torrent Personal Genome Machine (PGM)
sequencing platform with two level multiplexing (Hinsinger et al. 2015) at the "Service de Systématique
Moléculaire” of the MNHN. The reads obtained from each long-range PCR were separately trimmed by error
probability algorithm and assembled using the mapping to reference algorithm in GENEIOUS (8.1.7 version)
(Table 1) (Kearse et al. 2012). The references used for mapping each long-range PCR were the partial
mitochondrial gene markers of C. muiri obtained from a phylogenetic study of Cardiodactylus in preparation
molecular data library (Dong et al. in prep., see details in Table 1). After this first assembly, the three contigs
obtained were re-assembled into a circular mitochondrial genome with high coverage by the de novo assembly
algorithm in GENEIOUS.

TABLE 1. List of primers used to amplify the mitogenome and mapping reference in assembly procedure of
Cardiodactylus muiri Otte, 2007.

Set name Primer  Direction  Sequence (5°-3°) Mapping Length of the
name Reference amplicon (bp)

SET-1  F146  Forward  GCTAATTAAAGCTAATGGGTTCATACC Partial cox/, ~ 5.8 kb
R5927 Reverss  CAGTTTCGACCTGAAAGAAAGATTAA partial cox2

SET-2  F5346  Forward  GAAGCAGCAGCATGATACTGACA Partial cyrtb ~ 7.7 kb
R13080 Reverss  CTAATGATTATGCTACCTTTGCACGGTCAATATA

SET-3  F12775 Forward  AACATTACGCTGTTATCCCTAAGGTA Partial /65, ~ 5.8 kb
R1281  Reverss  AGTAATGATNTAGACTGCAATTCTAAAG partial /2§

Sequence analysis. Annotation of the mitogenome was performed using the MITO webserver with
invertebrate genetic code (Bernt et al. 2013) and modified after comparisons with other mitogenomes from
Grylloidea species. The validation of tRNA sequences was performed in tRNAscan-SE (http://lowelab.ucsc.edu/
tRNAscanSE/) using the invertebrate mitogenome genetic codon (Schattner et al. 2005). The nucleotide base
composition of the complete mitogenome was calculated in GENEIOUS.

Phylogenetic analysis. To validate the reliability of the mitogenome sequence and its identification, the cytb
gene and 77nS sequences of this mitogenome were extracted and compared with other species of Cardiodactylus. In
addition, a phylogenetic analysis of the family Gryllidae based on the sequences of ¢yth and rrnS was conducted
using a Maximum Likelihood approach. The phylogenetic trees were reconstructed on the IQ-TREE web server
(Nguyen et al. 2015).

The whole mitogenomes nucleotide base composition of C. muiri was calculated in GENEIOUS. The
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nucleotide compositional skew was calculated following the formula (Konstantionv et al., 2016): AT-skew=(A-T)/
(A+T) and GC-skew=(G-C)/(G+C), where A, T, C and G are the frequencies of the four bases. Six grylline
mitogenomes are currently present in GenBank: Teleogryllus commodus (JQ686193), Teleogryllus emma
(EU557269), Teleogryllus oceanicus (KT824636), Loxoblemmus equestris (KU562919), Teleogryllus emma
(KU562917) and Velarifictorus hemelytrus (KU562918)). Some of these sequences however include nuclear
mitochondrial DNA sequences (numts), as reported from Wolff (2012) and Yang (2016) and were thus discarded
here. We only considered the sequences of L. equestris (KU562919), T. emma (KU562917) V. hemelytrus
(KU562918) and C. muiri which was obtained in this study. The nucleotide base composition comparison analysis
for the whole mitogenomes, two ribosomal genes (the large and small ribosomal subunit, 7#nL and r7xS) and the
A+T-rich regions in grylline crickets were also calculated.

The percentage of pairwise identical bases (% identity) for the whole mitogenomes, each protein coding genes
(PCGs) and two ribosomal genes (rrnL and rrnS) of grylline crickets were calculated in GENEIOUS. The average
percentage of identical bases were then calculated between two subfamilies (Eneopterinae and Gryllinae) and
within Gryllinae.

Besides, the comparison analysis of synonymous and non-synonymous substitutions (Ka/Ks) for all PCGs in
grylline crickets were calculated using MEGA 7.0 (Kumar ef al. 2016).

Acoustic analysis. The basic cricket song terminology follows Ragge & Reynolds (1998). One song unit is
called a syllable and corresponds to one opening-closure cycle of the male forewings. Three males of C. muiri have
been recorded in the field, in their natural habitat or in semi-captivity in a net cage hanged to a low tree. The
recordings were made with a modified Condenser Microphone Capsule CM16 (Avisoft Bioacoustics, Berlin), with
a flat frequency response from 3 to 150 kHz (R. Specht pers. comm.), connected to a Fostex FR-2LE digital field
recorder (96 kilo-samples per second sampling frequency, 16 bit). Acoustic analyses were performed using the
computer software Avisoft-SASLab Pro version 4.40 (Specht 2009). All recording files are deposited in the Sound
Library of the MNHN.

Taxonomic part

Subfamily Eneopterinae Saussure, 1874
Tribe Lebinthini Robillard, 2004

Genus Cardiodactylus Saussure, 1878

Type species: Cardiodactylus novaeguineae (Haan, 1842)

Cardiodactylus muiri Otte, 2007a
(Figs 1-4)

Cardiodactylus muiri Otte, 2007a: 349-2007b: 30 (confirmation of depository)—Robillard e al. 2014: 68 (redescription).

Synonym name. Cardiodactylus buru Gorochov & Robillard, 2014, in Robillard ef al. 2014: 25. New synonymy.
The differences between C. buru and C. muiri in male genitalia described in Robillard ef al. (2014) are clearly
present in specimens of the same populations in the newly examined material from New Guinea and Kai Islands.
These differences must then be considered as intraspecific variation of C. muiri; C. buru is consequently a junior
synonym of C. muiri.

Type material. Male holotype: Indonesia: Malaka Province, Ceram, Piroe [Seram 1., Piru], 11.1909, F. Muir
(BPBM) [not examined].

Type locality. Indonesia, Seram Island, Piru.

Distribution. Indonesia, Maluku islands (Ambon, Seram, Buru), Kai Islands, South-west part of New Guinea
(surroundings of Kumawa and Kaimana).
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FIGURE 1. Habitat of Cardiodactylus muiri Otte, 2007. A, dead tree trunk in Kumawa (Papua, Indonesia); B, C, male sitting
on dead tree (A) during the day.
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FIGURE 2. Tree trunk with males of Cardiodactylus muiri Otte, 2007 engaged in singing activity during late afternoon in
Kumawa forest (Papua, Indonesia). Red circles mark males’ positions; height ca. 4 m.

New records: Indonesia, West Papua: Nouvelle-Guinée [New Guinea], Kumawa, -4.0646111 133.037111
(KUM3), 82 m, forét littorale sur karst [littoral forest on karst], ligne de créte, 13—15.X1.2014, T. Robillard: 1 male
(LEN2014-TR606), jour [day], tronc chandelle [trunk of dead tree], molecular sample C158 (MNHN-EO-
ENSIF4179); 1 female (LEN2014-TR582), nuit [night], litiére [leaf litter], vidéo ponte dans racine 8 PM [video of
oviposition in root] (MNHN); 1 female (LEN2014-TR583), nuit, litiere, vidéo ponte dans racine 8 PM (MNHN); 1
juvenile (LEN2014-TR569), nuit (MNHN). Nouvelle-Guinée, Kumawa, -4.0688333 133.036444 (KUM2), 27 m,
forét littorale karstique sur pente, jour, tronc chandelle, 11-17.X1.2014, T. Robillard: 1 male (LEN2014-TR625)
(MZB); 1 male (LEN2014-TR587), enregistrement appel en captivité [recording of calling song in captivity] Take
Pap122 (MNHN-EO-ENSIF4403); 1 juvenile (LEN2014-TR595), jour, liticre (MNHN); Nouvelle-Guinée,
Kumawa, -4.0518611 133.066083 (KUMS), 87 m, forét sur pente en amont de la riviére, 16-17.X1.2014, T.
Robillard: 1 male (LEN2014-TR657), enregistrement appel en semi-captivité Takes Pap142-143 (MNHN-EO-
ENSIF4404); 1 male (LEN2014-TR654), enregistrement appel en semi-captivité Takes Pap140-141 (MNHN-EO-
ENSIF4405); Nouvelle-Guinée, Kumawa, -4.0555 133.066333 (KUM4), 47 m, forét littorale karstique sur pente,
16.X1.2014, T. Robillard: 1 male (LEN2014-TR617), molecular sample C160 (MZB); 1 female (LEN2014-
TR655), mort élevage (MZB); 1 female (LEN2014-TR615), nuit, tronc de pandanus h=1.80 m (MZB); 1 female
(LEN2014-TR616), nuit, tronc de pandanus h=1.80 m (MNHN); Nouvelle-Guinée, Kaimana, -3.643667
133.757028 (KAI3), 200 m, forét littorale sur pente, 19.X.2014, 1 female (LEN2014-TR54), jour, plante,
molecular sample C150 (MNHN-EO-ENSIF4164). Indonesia, Kei Eil. [Kai Islands], Gn. [Gunung] Daab [Pulau
Kai-besar], 1922, H. C. Siebers: 4 males, #79, #131, #112, #121; 1 female #138 (MNHN); 1 male, #131, identified
Cardiodactylus haani Ss [Saussure] by Lucien Chopard (MZB-ORTH10475).

Life history traits and habitats. C. muiri lives in dense forested habitats on tree trunks of various sizes or on
dead trees still standing (Fig. 1). Groups of singing males (three or more) distant by ca. 50 cm to one meter, are
commonly found during afternoon on large tree trunks above three meters high (Fig. 2). They sit on the bark
surface and sometimes in crevices of the bark or of epiphytes. Songs were not heard during night, even when
habitats with singing males heard during the day were visited after sunset. It could indicate that the species is
diurnal or crepuscular and that the formed couples hide at night for mating. However, the species seems to have a
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low-light preference, given that light intensity under forest cover is limited during afternoon and in the confined
habitats (Fig. 1). Females are found ovipositing during early night in the leaf litter or in roots near the ground (Fig.
3).

Calling song. The calling song of C. muiri (Fig. 4) consists of only one long syllable. The song bouts are rather
irregular, which disqualifies them as echemes. At 26 °C (MNHN-EO-ENSIF4405, measurement of 28 syllables)
the call duration is 38 + 11.4 ms (mean = SD), with a period of 4.78 s + 3.83 s, giving a syllable duty cycle of 8%.
The dominant frequency is 11.98 + 0.24 kHz, which is rather low for the genus and corresponds to the third peak of
the frequency spectrum, the two first peaks being little marked.

FIGURE 3. Females of Cardiodactylus muiri Otte, 2007. A, walking on leaf litter during early night; B, ovipositing in a mossy
tree root at night; in Kumawa (Papua, Indonesia).
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FIGURE 4. Calling song of Cardiodactylus muiri Otte, 2007. A, oscillogram of 19 syllables (= echemes); B—C, detailled
oscillogram (B) and sonogram (C) of five syllables; D, detailed oscillogram of one syllable; E, frequency spectrum of one
syllable.

Results of sequencing and phylogenetic analyses

The mitogenome is 16,328 bp long (Fig. 5), organized in the typical set of 37 genes (13 protein-coding genes, 22
transfer RNA genes and two ribosomal RNA genes) and one A+T-rich control region including two 279 bp
repeated regions (Table 2).
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TABLE 2. Annotation of the mitochondrial genome of Cardiodactylus muiri Otte, 2007.

Gene Strand Anticodon Start codon Stop codon Position
tRNA-Ile + AUC 1-63 (0)
tRNA-GlIn - uuG 61-129 (0)
tRNA-Met + AUG 143-211 (0)

nd2 + ATT T 212-1229 (0)
tRNA-Trp + UCA 1230-1294 (-8)
tRNA-Cys - GCA 1287-1348 (0)
tRNA-Tyr - GUA 1361-1425 (-8)
coxl + ATC TAA 1418-2965 (0)
tRNA-Leu’ + UUA 2972-3036 (0)
cox2 + ATG T 3042-3720 (+3)
tRNA-Lys + AAG 3718-3788 (0)
tRNA-Asp + GAC 3789-3854 (0)
atp8 + ATT TAA 3855-4016 (+7)
atp6 + ATG TAA 40104693 (+1)
cox3 + ATG T 4693-5479 (0)
tRNA-Gly + GGA 54805542 (0)
nd3 + ATA TAA 5543-5896 (0)
tRNA-Ala + GCA 5904-5968 (0)
tRNA-Arg + CGA 5979-6041 (-1)
tRNA-Glu - uuc 6041-6105 (0)
tRNA-Ser' - GCU 6110-6176 (0)
tRNA-Asn - GUU 6177-6244 (0)
tRNA-Phe - GAA 6246-6307 (0)
nd5 - ATT T 6308-8021 (0)
tRNA-His - GUG 8040-8103 (-1)
nd4 - ATG T 8103-9445 (+7)
nd4l - ATG TAA 9439-9735 (0)
tRNA-Thr + ACA 9747-9810 (0)
tRNA-Pro - UGG 9811-9877 (0)
nd6 + ATC TAA 988010404 (+1)
cyth + ATG TAA 1040411537 (0)
tRNA-Ser? + UCA 11562-11624 (0)
ndl - ATA T 1162512594 (+6)
tRNA-Leu' - UAG 12589-12656 (+41)
rrnL - 12616-13977 (+18)
tRNA-Val - UAC 13960-14027 (0)
rrnS - 14028-14798 (0)
A+T-rich region + N/A 14857-16328 (0)

The ML gene trees, based on cyrb and rrnS markers, are congruent and showed that the sequences issued from
the present study clustered with published sequences of Cardiodactylus species and other representatives of the
subfamily Eneopterinae (Fig. 6).

The nucleotide composition of Cardiodactylus muiri is typically insect A+T biased, with 76.5%, and is slightly

108 - Zootaxa 4268 (1) © 2017 Magnolia Press DONG ET AL.



A skewed (AT-skew=0.08) and strongly C skewed (GC-skew= -0.29). The nucleotide compositional skew of the
whole mitogenomes, rrnL genes, rrnS genes and the A+T-rich regions of Gryllinae crickets are also represented
(Table 3, Fig. 7). The conventional start/stop codons and incomplete stop codons are represented in the PCGs (see
details in Table 2). All the protein-coding genes (PCGs) in the mitogenome start with a typical ATN codon but end
with different stop codons. The complete stop codon TAA are determined in genes cox2, atp8, atp6, nd3, nd4l, nd6
and cytb, while the incomplete stop codons (T) are found in genes nd2, coxl, cox3, nd5, nd4, ndi. The lengths of
22 tRNA genes range from 62 to 71 bp. Two rRNA genes (rrnL and rrnS), separated by tRNA-Val, are located
between tRNA-Leuand A+T-richregion. The lengths of 7#nL and rrnS are 1,362 and 771 bp, respectively. Their
A+T contents are 78.5% and 74.9%, respectively. The A+T-rich region of 1,472 bp, with an A+T content of 80.1%,

is located between 77nS and trnl.
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TABLE 3. General nucleotide composition of complete mitogenome and nucleotide compositional skew of the Gryllidae
mitogenomes, rrnl genes, rrnS genes and the A+T-rich regions in grylline crickets. A (%), T (%), G (%) and C (%) mean

the percentage of adenine, thymine, guanine and cytosine. The number with asterisk (*) means the average nucleotide
compositional skew in the subfamily Gryllinae.

Length (bp) whole mitogenome
Species A (%) T (%) G (%) C (%) AT-skew GC-skew
Cardiodactylus muiri 16,328 41.4 35.1 8.4 15.2 0.08 -0.29
Loxoblemmus equestris 16,314 40.3 31.6 10.2 17.9 0.12 -0.27
Teleogryllus emma 15,697 40.2 33.0 9.6 17.2 0.10 -0.28
Velarifictorus hemelytrus 16,123 39.7 32.9 8.9 18.4 0.09 -0.35
0.10% 0.30%
continued.
rrnl genes rrunS genes A+T-rich region
Species AT-skew GC-skew AT-skew  GC-skew AT-skew  GC-skew
Cardiodactylus muiri 0.11 -0.40 0.08 -0.37 0.01 -0.37
Loxoblemmus equestris 0.16 -0.40 0.18 -0.32 0.22 -0.20
Teleogryllus emma 0.16 -0.41 0.14 -0.39 0.13 -0.18
Velarifictorus hemelytrus 0.11 -0.46 0.07 -0.43 0.15 -0.41
0.14* 0.42* 0.13* 0.38* 0.17* -0.26*
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The percentage of pairwise identical bases (% identity) for the whole mitogenomes, each PCG and two
ribosomal genes, and the percentage of identity between the two subfamilies (Eneopterinae and Gryllinae) and
within Gryllinae are presented in Table S1 and Fig. 8. Except for gene nd3, the percentage identities and the
pairwise genetic distance within Gryllinae were higher than between the two subfamilies. Pairwise comparison of
Ka/Ks for each PCG are also presented in Table S2 and Fig. 9. The overall Ka/Ks values are less than 1.0 between
the two subfamilies, and higher than 1.0 in genes nd!, cox1, cox2, nd3 and cytb within the subfamily Gryllinae. The
values for Cytochrome Oxidase complex (coxi, cox2 and cox3) and cytb are less than 1.0, but higher than for other
genes between the two subfamilies. The smallest value between the two subfamilies is that for the atp8. The
variability of Ka/Ks ratio within Gryllinae is similar with that between the two subfamilies.

Discussion

We generated the first mitogenome for the cricket subfamily Eneopterinae, which allows comparisons with existing
mitogenomes from the subfamily Gryllinae. The gene order and orientation within the mitogenome of C.muiri are
identical with those described for grylline crickets (Loxoblemmus equestris, Teleogryllus emma and Velarifictorus
hemelytrus). The length of the whole mitogenome and the length range for tRNAs in C. muiri are also very close to
Gryllinae (Yang ef al. 2016b). The whole mitogenomes of these four crickets are weakly AT-skewed (0.08 to 0.10)
and strongly GC-skewed (-0.35 to -0.27). The average AT- and GC-skew in the whole mitogenome of the Gryllinae
are close to those of C. muiri. However, nucleotide compositional skew in rrnlL, rrnS and A+T-rich region are
stronger in Gryllinae than in C. muiri, with the exception of the GC-skew in A+T-rich region. It is logical that the
nucleotide compositional skew in different genes of different subfamilies are slightly divergent, but more
mitogenomes of other Eneopterinae crickets are necessary to test whether this tendency is consistent between the
subfamilies.

There is no significant difference of the percentage identity, between the two subfamilies and within Gryllinae,
for the mitogenome and the genes considered separately, except for the atp8 and nd6. The percentage of pairwise
identical bases for the mitogenome and for the individual genes are higher than 70%, both between the two
subfamilies and within Gryllinae. The level of identity between the two subfamilies is higher or almost equal to
that within Gryllinae in the genes nd3 and nd6, respectively. According to the Ka/Ks ratio, the evolutionary rate of
Cytochrome Oxidase complex (cox!, cox2 and cox3) and cyth genes is high between the subfamilies and within
Gryllinae. There is an obvious evolutionary rate discrepancy in NADH dehydrogenase complex genes and ATP
synthase, since the genes nd2 and nd6 are less divergent than the other NADH dehydrogenase complex genes. In
addition, the rate of evolution of nd6 is almost the same, both between the two subfamilies and within Gryllinae.
The gene atp8 is found to have the slowest evolution rate between the two subfamilies, while the gene cox2 has the
highest rate of evolution within Gryllinae. Thus, the present study revealed these two genes as potential markers for
future phylogenetic study at family and subfamily level in crickets. Our results lead to the conclusion that the
mitogenomes in crickets have a relatively stable structural and functional evolution, as suggested by previous
studies made in Orthoptera (Song et al. 2015) and in insects in general (e.g. Simon ef al. (2006); Cameron (2014);
Konstantinov et al. (2016)).

With the quick development of next generation sequencing (NGS) methods, the new sets of long-PCR primers
defined here will allow to easily and cheaply acquire large amount of new data for large taxonomic samples. The
new mitogenome described in the present study, combined with the existing datasets, arises as an invaluable
resource for future comparative evolutionary genomic studies in crickets and insects, in general.
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TABLE S1. Genetic distance for complete mitogenome, all PCGs and two ribosomal genes showed by the percentage of
pairwise identical bases (% identity). The average genetic distances and their standard deviation between two
subfamilies (Eneopterinae and Gryllinae) and within the subfamily Gryllinae are also shown in the table. The
abbreviations of species as following: C. muiri (C), L. equestris (L), T. emma (T) and V. hemelytrus (V).

Percentage of pairwise identical bases Percentage of pairwise identical bases

between subfamilies (%) within Gryllinae (%)

C/L CIT clv Mean + SD L/T LIV TV Mean = SD
Mitogenome 71.80 72.01 71.80 71.8740.12 74.82 73.76 78.62 75.73£2.56
nd?2 66.76 66.08 67.36 66.7310.52 68.44 69.35 74.40 70.733.21
coxl 83.1 83.63 83.27 83.3410.22 84.41 82.65 87.15 84.7442.27
cox2 78.96 82.01 79.94 80.30£1.27 81.04 79.70 81.42 80.72+0.90
atp8 59.88 64.15 57.86 60.6312.62 64.15 64.15 69.93 66.08+3.34
atp6 76.51 77.09 76.36 76.65+0.31 80.47 75.77 0.816 79.2943.11
cox3 79.77 80.15 80.03 79.9840.16 80.03 81.17 83.21 81.47+1.61
nd3 75.21 74.93 76.35 75.5010.61 73.50 72.65 76.64 74.26£2.10
nd5 73.73 75.60 76.42 75.25+1.13 77.51 77.21 81.09 78.60+2.16
nd4 75.02 76.88 75.39 75.7610.80 78.82 76.96 84.04 79.9443.67
nd4l 72.11 72.45 75.17 73.24+1.37 79.25 79.93 82.99 80.72£1.99
nd6 68.01 66.29 67.82 67.37+0.77 69.19 64.72 69.19 67.70+2.58
cyth 77.90 77.28 76.83 77.3410.44 79.54 79.89 80.16 79.8610.31
ndl 76.19 73.55 78.70 76.15£2.10 74.22 78.60 0.798 77.5542.95
rraL 71.73 73.13 69.90 71.59+1.32 75.78 72.06 78.71 75.5243.33
rrnS 69.50 71.66 69.67 70.2840.98 76.28 74.04 81.04 77.1243.57

TABLE S2. Comparison of Ka/Ks ratios for all PCGs. The average Ka/Ks ratio and their standard deviation between
subfamilies (Eneopterinae and Gryllinae) within the subfamily Gryllinae are also shown in the table. The abbreviations
of species as following: C. muiri (C), L. equestris (L), T. emma (T) and V. hemelytrus (V).

Ka/Ks ratio pairwise comparison Ka/Ks ratio pairwise comparison

between subfamilies within Gryllinae
Gene C/L c/T cl/v Mean = SD L/T LV TV Mean = SD
nd2 0.47 0.79 0.57 0.61+0.17 1.01 0.97 1.05 1.01+0.04
coxl 1.00 0.91 0.95 0.95+0.05 1.01 1.25 0.73 1.00+0.26
cox2 1.02 0.70 1.24 0.99+0.27 1.10 1.41 1.32 1.28+0.16
atp8 0.07 0.15 0.34 0.19+0.13 0.77 0.32 0.75 0.61+0.25
atp6 0.67 0.81 0.76 0.75+0.07 0.71 1.18 0.90 0.93+0.23
cox3 0.72 0.79 0.74 0.75+0.04 1.11 0.88 0.91 0.97+0.13
nd3 0.57 0.70 0.73 0.67+0.09 1.27 1.28 1.28 1.27+0.00
nd5 0.56 0.41 0.33 0.43+0.12 0.66 0.65 0.61 0.64+0.03
nd4 0.50 0.42 0.49 0.47+0.04 0.64 0.84 0.42 0.63+0.21
nd4l 0.67 0.61 0.28 0.52+0.21 0.96 0.71 0.63 0.77+0.17
nd6 0.68 0.72 0.61 0.67+0.05 0.76 1.35 0.81 0.97+0.32
cyth 0.75 0.99 1.13 0.96+0.19 0.93 0.83 1.26 1.01£0.22
ndl 0.73 0.81 0.56 0.70+0.13 0.66 0.66 0.58 0.63+0.05

116 - Zootaxa 4268 (1) © 2017 Magnolia Press DONG ET AL.



	Abstract
	Introduction
	Materials and methods
	Taxonomic part
	Subfamily Eneopterinae Saussure, 1874
	Tribe Lebinthini Robillard, 2004
	Genus Cardiodactylus Saussure, 1878
	Cardiodactylus muiri Otte, 2007a
	Results of sequencing and phylogenetic analyses
	Discussion
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


