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With more than 63,000 described extant species, Chrysomeloidea is one of seven
superfamilies in series Cucujiformia. In this study, the mitochondrial genomes
(mitogenomes) of walnut leaf pests, Gastrolina depressa depressa and G. depressa
thoracica were determined by Sanger sequencing technology. The complete and partial
mitogenomes of G. depressa thoracica and G. depressa depressa were 16,109 bp and
14,277 bp in length respectively. The genomic analyses indicated that both mitogenomes
harbored typical gene content and arrangement. The formerly identified elements, ‘TAGTA’
between trnSer(UCN) and nad2, and ‘ATGATAA’ between atp8 and atp6, were firstly found
to be more conserved than that between nrad-4/ and nad4, which was ‘ATGTTAA' in
Coleoptera excluding Polyphaga. Phylogenetic trees inferred from the amino acid and
nucleotide dataset; for the 13 protein-coding genes of 36 species well supported the sister
relationships of Eumolpinae + Cryptocephalinae + Cassidinae, as well as the monophyly of
Galerucinae+ Chrysomelinae within Chrysomelidae.
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With more than 63,000 described extant species, Chrysomeloidea is one of seven superfamilies in series
Cucyjiformia. In this study, the mitochondrial genomes (mitogenomes) of walnut leaf pests, Gastrolina
depressa depressa and G. depressa thoracica were determined by Sanger sequencing technology. The
complete and partial mitogenomes of G. depressa thoracica and G. depressa depressa were 16,109 bp and
14,277 bp in length respectively. The genomic analyses indicated that both mitogenomes harbored typical gene
content and arrangement. The formerly identified elements, ‘TAGTA’ between trnSer(UCN) and nad?2, and
‘ATGATAA’ between atp8 and atp6, were firstly found to be more conserved than that between nad44 and
nad4, which was ‘ATGTTAA’ in Coleoptera excluding Polyphaga. Phylogenetic trees inferred from the amino
acid and nucleotide dataset for the 13 protein-coding genes of 36 species well supported the sister relationships
of Fumolpinae + Cryptocephalinag + Cassidinag, as well as the monophyly of Galerucinae+ Chrysomelinae

within Chrysomelidae.
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Introduction

Both Gastrolina depressa thoracica and G. depressa depressa belong to Chrysomelinae (Coleoptera:
Chrysomeloidea) and widely distribute in most of walnut producing areas in China. The larvae and adults of
them feed on walnut leaves, seriously affecting the growth and yield of walnut. They are typical species living
in the boundary between Palaearctic and oriental regions, and the main feature is the flat back, which is
different from other coleopterans. Compared with the 5—7 mm body length and black prothorax of G. depressa
thoracica, G. depressa depressa has the body length of 6.5-8.3 mm and a yellow prothorax, therefore they
were always distinguished by body colour and length (Chen, 1974). Between 25°N and 35°N, G. depressa
thoracica and G. depressa depressa are frequently found and always differentiated from each other according
to different altitudes, which does not always work in some regions. To date, a few studies have focused on the
systematics, occurrence and spatial distribution of G. depressa thoracica and G. depressa depressa (Chen,
1974; Ge et al., 2003; Fan, 2015), but there is no report about their mitochondrial genomes (mitogenomes) and
other molecular data.

Mitogenomes have been widely regarded as useful molecular markers for phylogenetics and phylogeographics,
due to several properties such as maternal inheritance, conserved gene order and orientation, low
recombination rate and high mutation rate (A4vise, 1989; Crozier & Crozier, 1993; Jin et al., 2004).
Furthermore, the mitogenome from metazoans is a circular double-stranded molecule, ranging in length from
14 to 36 kb, and consists of 13 protein-coding genes (PCGs), 22 transfer RNA genes (tRNAs), 2 ribosomal
RNA genes (rRNAs) and a large non-coding region, called control region or A+T-rich region (Wolstenholme,
1992; Boore et al., 1998). Over the last decade, increasing attention has been drawn onto the studies of insect
mitogenomes due to the ease of recovering genetic information that may be relatively useful for research in
insect species identification, population genetics and molecular evolution (Ma et al., 2012; Timmermans et al.,
2014).

Beetles harbor as much as 380, 000 descrived species and an estimated total number of about three million
members, becoming the largest order and the most diverse group in the Insecta (JDegaard, 2000; Foottit &
Adler, 2009). The enormous series Cucujiformia, containing more than half the species of Celeoptera, has
reasonably been regarded as the most highly diversified order (Crowson, 1960). It is divided into two
superfamilies, Curculionoidea and Chrysomeloidea, and together form the second largest lineage of
Phytophaga after the order Lepidoptera (Grimaldi & Engel, 2005). The phylogeny and evolution of
Chrysommeloidea have attracted considerable attention of systematists, and the interrelationships among the
species from this family remain many uncertain or questions. Several previous studies have evaluated its
phylogenetic relationships by using morphological data (Farrell & Sequeira, 2004; Gomez-Zurita et al., 2007),
18S rRNA (Hunt et al., 2007), 28S tDNA (Marvaldi et al., 2009), partial mitochondrial genes (77nL and cox1)
(Bocak et al., 2014). However, few studies deliberately focused on the relationships of families in the

hyperdiverse Chrysomeloidea (Bocak et al., 2014; Li et al., 2016).
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In the present study, the mitochondrial nucleotide sequences of G. depressa thoracica and G. depressa
depressa were determined and a detailed comparative investigation into the composition of mitogenomes for
Chrysomelinae was conducted. In order to understand the taxonomic status of the two insects and the
phylogenetic relationships in Chrysomeloidae, the 13 PCGs (nucleotide and amino acid sequences) from the
two newly sequenced insects and other 34 mitochondrial sequences downloaded from GenBank were used for
the reconstruction of phylogenetic trees. The mitogenomes of G. depressa thoracica and G. depressa depressa
will be useful for further studies of molecular classification and coleopteran mitogenome architecture and

phylogenetics.

Materials and Methods

Sample collection

Adults of G. depressa thoracica and G. depressa depressa were originally collected from the experimental
station of Northwest A&F University, Shanyang County, Shaanxi Province, China (109°88'E, 33°53'N). After
identified according to key morphological characteristics, all samples were stored in 100% ethanol
immediately at —20°C.

DNA extraction and PCR amplification

Total genomic DNA was extracted from an individual insect following a standard phenol-chloroform
extraction (Tamura & Aotsuka, 1988). The mitogenomes of G. depressa thoracica and G. depressa depressa
were amplified using specific primer sets (Table 1) derived from the conserved regions of a multiple
alignments of sequenced coleopteran insects.

PCR amplification was conducted using TaKaRa Ex Taq™ (Takara Co., Dalian, China) in 20 pL reactions
containing 14 pL distilled water, 2 pL 10xEx Taq buffer including MgCl,, 1.6 pL dNTP mixture, 0.8 pL
forward and reverse primers respectively, 0.1 pLL TaKaRa Ex Taq and 0.7 uL template DNA. Amplification
conditions consisted of an initial denaturation at 94 °C for 2 min; followed by 35 cycles at 94 °C for 30 s,
annealing temperature for 30 s, 72 °C for 1 min; and a final extension at 72 °C for 10 min. Then, PCR products
(1.1-1.4 Kb in length) were identified by agarose gel electrophoresis, and positive amplifications were
sequenced in both directions.

Genome assembly and annotation

Sequences were checked by blasting in NCBI (https://www.ncbi.nlm.nih.gov/) and assembled using the
program SeqMan in DNAStar package v7.1 (DNAStar Inc., Madison, WI, USA). The mitogenome sequences
were analyzed using MEGA v5.1. The 13 PCGs were identified using ORF Finder (available on NCBI) and
the rRNAs were determined by comparison with other coleopteran sequences. The tRNAs and their cloverleaf
secondary structures were identified using tRNAscan-SE Search Online Server (Lowe & Eddy, 1997), and

undefined tRNAs were compared with those of other species, Atrijuglans hetaohei, Dastarcus helophoroides;

and Anopheles minimus (Zhang-et-als2015; Hua et-al-2016; Wang et al., 2016). RNAviz v2.0 (De Rijk et al.,
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2003) was employed to draw secondary structures of tRNAs. The base composition of nucleotide sequences
was described by skewness and was measured according to the following formulas (Perna & Kocher, 1995):
AT-skew = (A-T)/(A+T)and GC-skew =( G-C )/ (G + C). The A+T content and relative
synonymous codon usage (RSCU) were calculated using MEGA v5.1.

Phylogenetic analysis

The newly sequenced mitogenomes of G. depressa thoracica and G. depressa depressa were aligned with the
publicly available mitogenome sequences of 34 mitochondrial genomes downloaded from GenBank (Table
S1), with Tetraphalerus bruchi @leoptera: Archostemata: Ommatidae) and Abax parallelepipedus
(Adephaga: Caraboidea: Carabinae) as outgroups. From the mitogenome sequences of all the retrieved species,
two separate datasets were generated for phylogenetic analyses: the nucleotide sequences of 13 PCGs, and the
amino acid sequences translated from their corresponding nucleotide sequences using the invertebrate genetic
code. Each of nucleotide and amino acid sequences of the 13 PCGs was aligned separately using ClustalW
implemented in MEGA v5.1 with default options (Tamura et al., 2011). Then, Gblocks v0.91b (Talavera &
Castresana, 2007) was used to reduce the final alignments, leading to better trees for phylogenetic
reconstruction. The best-fit substitution models were estimatied using MrModeltest v2.3 (Nylander, 2004) and
ProtTest v2.4 (dbascal et al., 2005) for each resulting nucleotide and amino acid sequences respectively.

For the construction of phylogenetic trees, the concatenated nucleotide and amino acid sequences were
analyzed using maximum likelihood (ML) and Bayesian inference (BI) respectively. For ML analyses, PhyML
v3.0 (Guindon et al., 2010) was used with the best-fit model for each of the 13 PCGs in the nucleotide and the
animo acid datasets, and bootstrap support (BS) at each node was performed using the rapid option with 1000
replicates. For Bayesian inference, MrBayes v3.2.6 was used (Huelsenbeck & Ronquist, 2001). Four
simultaneous Markov chains ran for 10 million generations, sampled every 1000 generations after discarding
the first 25% “burn-in” trees. Node support was assessed based on Bayesian Posterior Probabilities (BPP). The

consensus trees were viewed and edited by Figtree v1.4.3 (Rambaut, 2009).

Results and Discussion

Gene content and nucleotide composition

. The complete G.
depressa thoracica mitogenome was 16,109 bp in size, consisting of 13 PCGs, 2 rRNAs and 22 tRNAs, and an
A+T-rich region (Fig 1, Table 2). In the mitogenome of G. depressa thoracica, there were four intergenic
spacers (a total length of 23 bp), ranging from 1 bp to 17 bp, and the longest intergenic spacer was located
between trnSer(AGN) and nadl. Furthermore, 15 pairs of genes overlapped each other, with a length ranging
from 1 to 17 bp.

The sequenced mitogenome of G. depressa depressa was 14,277 bp lon%ld was comprised of 13 PCGs, 21
tRNAs, complete 7#nl and partial 7nS. The whole A+T-rich region, frn/ andpartial r»nS failed to be

sequenced although we have t@everal pairs of species-specific primers. There were 3 intergenic spacers
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(23 bp), ranging from 1 bp to 17 bp, and the longest intergenic spacer was detected between trnSer(AGN) and
nadl. 17 pairs of genes overlapped each other, with a length ranging from 1 to 20 bp.

Two 7-bp long overlaps (ATGATAA) have been detected in G. depressa depressa and G. depressa thoracica,
which were also found in many other Polyphaga insects (Fig 2). These two overlaps were located between azp§
and atp6 on H-strand and between nad4l and nad4 on L-strand, and were thought to be translated as a bicstron
(Stewart & Beckenbach, 2005). Furthermore, between frnSer(UCN) and nadl, a 5 bp long motif sequence
(TAGTA) was detected in two newly sequenced mitogenomes, which was present in other coleopterans (Fig
3). This consensus sequence has been thought as the possible binding site of mtTERM as its location at the end
of the H-strand coding region in the circular mitogenome (7aanman, 1999). The motifs between atp8 and ap6,
and between trnSer(UCN) and nadl were relatively conserved in four suborders by the comparison of the
complete mitogenomes of 41 Polyphaga, 24 Adephaga, 2 Archostemata and 2 Myxophaga. However, the motif
‘ATGATAA’ between nad4 and nad4l was only found in the mitogenomes of Polyphaga insects, with
‘ATGTTAA’ in the other three suborders, Adephaga, Archostemata and Myxophaga (Fig S1).

Protein-coding genes

In mitogenomes of G. depressa thoracica and G. depressa depressa, a total of 3731 and 3678 amino acids
were encoded by 11182 bp and 11026 bp nucleotides, respectively. All genes were encoded in the same
direction and arrangement. The 13 PCGs ranged from 156 bp (a#p8) to 1722 bp (rad5) for G. depressa
thoracica and from 156 bp (a#p8) to 1728 bp (nad5) for G. depressa depressa (Table 2). Except for nadl
which used TTG as a start codon, all PCGs followed the typical ATN rules. The inferred start codons for the
PCGs in G. depressa thoracica were ATT for nad2, coxl, cox2 and nad5, ATA for nad3 and nadé6, ATG for
atp6, cox3, nad4, nad4l and cob, and ATC for atp8. Then the inferred start codons in G. depressa depressa
were ATT for nad?2, coxl, cox2, atp8, nad5 and nad6, ATG for atp6, cox3, nad4, nad4! and cob, and ATC for
nad3. The stop codons for the two mitogenomes were TAA, TAG and incomplete termination codons TA or T.
The incomplete stop codons could be completed as TAA through posttranscriptional polyadenylation (Ojala et
al., 1981; Boore, 2004).

In order to measure the nucleotide compositional behaviour of PCGs, the A+T content, AT-skew and GC-skew
of the G. depressa thoracica, G. depressa depressa and three other Chrysomelidae PCGs were counted (Table
3), and the obvious nucleotide bias were observed. The base composition of the 13 PCGs showed that each
codon position had a high A+T percentage (Table 3), providing the high background mutational pressure
toward AT nucleotides at the third codon position (Kim et al., 2014). And PCGs on different strands also
showed different skew statistics. PCGs on H-strand were more TA-skewed and CG-skewed, whereas the PCGs
on the L-strand had a higher frequency of T and G, which was because of a slight skew towards A on the first
and second codon sites of genes on the coding strand (Pons et al., 2010).

In terms of amino acid usage, the PCGs on different strands also lead to an unbalanced percentage of amino

acids (Fig 4). All of them had a relatively high percentage of Leu, and the least percentage of Cys. The relative
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173 synonymous codon usage (RSCU) also showed that the most frequently used amino acids in two newly
174  sequenced mitogenomes were Leu, Ile, Phe and Met, while TTA for Leu, ATT for Ile, TTT for Phe and ATA
175 for Met were the most frequent codons, as in other insect mitogenomes (Fig 5). All of these codons were
176  comprised of A or T nucleotides, indicating a biased usage of A and T nucleotides in the PCGs, and many

177  other coleopteran insects also revealed a similar trend (Kim et al., 2009; Du et al., 2016).
178  Transfer RNA genes E]

179  The anticodons of all the tRNAs of the two newly sequenced mitogenomes were identified in other coleopteran
180  species. Twenty-two complete tRNAs were found in G. depressa thoracica. All tRNAs were between 62 bp
181 and 71 bp in length, and fourteen of them were located on H-strand, with others on L-strand. Five tRNAs,
182  trnH, trnl, trnK, trnP and trnSer(AGN), could not be detected by tRNAscan-SE and were determined by
183  comparing with previous coleopteran mitogenomes. Except for trnSer(AGN), all tRNAs could be folded into
184  the typical clover-leaf structure (Fig S2), containing an amino acid acceptor arm (7 bp), T¥C arm (3-5 bp),
185  dihydorouridine (DHU) arm (3-4 bp), anticodon arm (3-5 bp) and a variable extra arm. A total of 21 tRNAs
186  were detected in the incomplete mitogenome of G. depressa depressa. The length of these genes ranged from
187 62 bp to 70 bp. The tRNAs coded on both strands were in consistence with those in the mitogenome of G.
188  depressa thoracica. Four tRNAs, trnH, trnK, trnP and trnSer(AGN), could not be found by software and were
189  determined through comparison with published coleopteran mitogenomes. Except for trnSer(AGN) without the
190 DHU arm, all tRNAs had the typical clover-leaf structures, containing an amino acid acceptor arm (7 bp), T¥YC
191 arm (3-5 bp), DHU arm (3-5 bp), anticodon arm (3-5 bp) and a variable extra arm (Figure S2). trnSer(AGN)
192 formed a simple-loop structure instead of a DHU arm, which has been observed in many metazoan
193  mitogenomes, including insects (Wolstenholme, 1992).

194 Phylogenetic analyses

195 In order to further determine the relationships within Chrysomeloidea, phylogenetic analyses based on the
196  concatenated 13 PCGs of 36 species for the nucleotide sequences (Fig 6) and the corresponding amino acid
197  sequences (Fig 7) were conducted by using maximum likelihood (ML) and Bayesian Inference (BI), with
198  Tetraphalerus bruchi (Coleoptera: Archostemata) and Abax parallelepipedus (Coleoptera: Adephaga) as
199  outgroups. The final matrix consisted of 7289 nucleotides and 2340 amino acids. Models TVM+I+G and
200 MtREV+I+G+HF for the nucleotide dataset and the amino acid dataset of 13 protein-coding genes respectively
201  were used when constructing phylogenetic trees by using PhyML and MrBayes. @

202  The phylogeny recovered under ML showed more resolution with strong nodal supports than that under BI.
203  Additionally, G. depressa thoracica and G. depressa depressa formed one clade, with a high nodal support
204  wvalues (Bootstrap Support, BS=100).

205 Regardless sequencing or database errors in some taxa, Chrysomeloidea were considered to be monophyleti@
206 Basal relationships within Chrysomeloidea remain incompletedly resolved, especially the placement of some

207 small families Zeugophoridae, Megalopodidae, Orsodacnidae, Vesperidae and Disteniidae. Relationships of
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some lineages in previous analyses (Gomez-Zurita et al., 2007) were well supported, including the monophyly
of Eumolpinae + Cryptocephalinae + Cassidinae and the monophyly of Galerucinae+ Chrysomelinae (Farrell,
1998; Reid, 2000; Farrell and Sequeira, 2004; Bocak et al., 2014), the latter was only observed in the
phylogenetic trees derived from nucleotide dataset. Specifically, Bruchinae was sister to the clade Donaciinae
+ Criocerinae, which was morphologically assumpted as an evolution for adapting to monocot feeding
(Duckett et al., 2004). Although Lepturinae and Necydalinae were sister group in phylogenetic trees, the
internal relationships of Cerambycidae were unresolved, which may because of the low taxonomic coverage
and poor representation of conserved loci in the analysis. Therefore, the study of Cerambycidae will play a
significnant role in the evolution of Chrysomeloidea. @

Conclusions

In this study, the complete and nearly complete mitogenomes of G. depressa thoracica and G. depressa
depressa were determined, which were 16,109 bp and 14,277 bp in length. The genomic analyses showed that
they had the identical gene composition and arrangement, and the conserved overlaps and intergenic spacer
were observed in the mitogenomes of G. depressa thoracica and G. depressa depressa. It was firstly reported
that the motifs, “TAGTA’ between trnSer(UCN) and nad2, and ‘ATGATAA’ between atp8 and atp6, were
more conserved than ‘ATGATAA’ between nad4 and nad4! in the mitogenomes of Coleopterans, which was
‘ATGTTAA’ in the Adephaga, Myxophaga and Archostemata. Within Chrysomeloidea, the sister relationships
of Eumolpinae + Cryptocephalinae + Cassidinae, and Galerucinae + Chrysomelinae were confirmed with high

nodal supports, while the interrelationship of Cerambycidae remained unclear. Therefore;clearing the-internal
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Figure 1

Gene maps of the complete mitochondrial genome for (a)G. depressa thoracica and the
incomplete mitochondrial genome for (b) G. depressadepressa.

The PCGs and rRNAs are the standard abbreviations. Each tRNA is denoted as a one-letter symbol according
to the IUPAC-IUB single-letter amino acid codes. Arrows indicate coding direction.
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Sequence alignments of atp8/atp6 and nad4/nad 41 of coleopteran insects.
The boxed nucleotides indicate the 7 bp conservedoverlaps (ATGATAA).

Gastrolina depressa thoracica
Gastrolina depressa depressa
Paleosepharia posticata

Galeruca daurica

Agasicles hyerophila

Pyrophorus divergens

Pyrearimus rermitilluminans

Damaster mirabilissimus mirabilissimus

5-ap8
AAATATAACTGAAA
AATTATAATTGATT
AAATATAACTGAAA
AACTATAACTGAAA
TCAATTAATTGAAA
AAATTTAACTGAAA
TCCATCAATTGAAA
ATTCTTAATTGAAA

7 bp overlap
ATGATAA
ATGATAA
ATGATAA
ATGATAA
ATGATAA
ATGATAA
ATGATAA
ATGATAA

atp6-3'
TAAATTTATTCTCC
TAAATTTATTTTCT
TAAATTTATTTTCA
TAAATTTATTTTCT
TAAATCTATTCTCA
CAAATCTATTCTCA
CAAATCTTTTTTCT
CAAATCTTTTTTCA
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3'-nad4l
AATTTTTCTTATTT
AGTTTTTCAAATTT
ACATTTTCTICTTT
ACTTTTTICTITTIIT
TCTTTTTCTTCTTT
TCTTTTTCTTCTCT
ACTTTTAATATTTT
TCAATAAATATATT

7 bp overlap
ATGATAA
ATGATAA
ATGATAA
ATGATAA
ATGATAA
ATGATAA
ATGATAA
ATGATAA

nad4-5'
GTTTTATTTTTICT
GATTTTTATTTAGT
AATTTTTATTTGCA
TATATTTATTAAGA
AATTTATTTITCAGA
AGTTTTTGTTTTIT
AGTTTCTTTTTTIT
AATTTTTATTGATG
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Figure 3

Sequence alignment of the space region between nadl and trnSer(UCN) of
coleopteran species. The boxed nucleotides indicate the conserved motif(TAGTA).

3'-nadl trnSer(UCN) =5'

Gastrolina depressa thoracica TITAGTTAACTAAATT | TAGTA | TAAGTCAATAGAAAAT
Gastrolina depressa depressa TTAGTTAATTATITIT | TAGTA | TAAGTTAATAGAAAAT
Paleosepharia posticata TTTAGTTAATTATTIT | TAGTA | TAAGTTAATAGAAAAT

Galeruca dawica  TITTAGTTAATTATTIT | TAGTA | TAAGTTAATAGAGAAT

Agasicles hvgrophila TITAGTTAATTAATTT | TAGTA | TAAGTCAATAGAAAAT

Pyrophorus divergens TITAGTTAATTAATTT | TAGTA | TAAGTTAATAGGATAG

Pyrearimus termitilluminans TATAGTTAATTAAATT | TAGTA | TAAGTTAATAGGTATC
Damaster mirabilissimus mirabilissimus TATAGTGAATTATITT | TAGTA | AAAGTTAATAGAGGAG
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Figure 4

Percentages of amino acid usage in mitochondrialproteins of five species.
Eachamino acid is represented by the three-letter abbreviation. Note that leucineand
serine are each coded by two different genetic codons, and listedseparately.

16.00 -
B G. depressa thoracica
14.00 - B G. depressa depressa
W Paleosepharia posticata
W Galeruca dauri
12,00 - aleruca daurica

W Agasicles hygrophila

10.00

8.00 -

6.00 -

4.00 -

Percentages of each amino acide (%)

2,00 -

0.00 -

Ala Arg Asn Asp Cys GIn Glu Gly His 1Ile Leu Leu Lys Met Phe Pro Ser Ser Thr Trp Tyr Val
(CUN) (UUR) (AGN) (UCN)
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Figure 5

The mitogenome relative synonymous codon usage (RSCU)across five
coleopteran insects. Codon families are provided on the x-axis.

Peer] reviewing PDF | (2017:11:21999:0:1:NEW 23 Nov 2017)



PeerJ Manuscript to be reviewed

Gastrolina depressa theracica
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Ala Arg Asn Asp Cys Gln Gla Gly His Ile Leul Leu2 Lys Met Phe Pro Serl Ser2 The Trp Tyr Val
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Phylogenetic tree based on the nucleotide sequence forl3 protein-coding

genes from the mitochondrial genomes of 36 species. Probability values (PP>60)
and bootstrap values(BBP>0.7) of the branches were indicated.
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Figure 7

Phylogenetic tree based on the amino acide sequencefor 13 protein-coding
genes from the mitochondrial genomes of 36 species. Probability values (PP>75)
and bootstrap values(BBP>0.6) of the branches were indicated.
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Table 1(on next page)

Primers used in this study to sequence the mitogenomesof G. depressa
thoracica and G. depressa depressa.
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} o o Tm Length
Primer Forward (5'—3') Reverse (5'—3') (C)  (kb)
G. depressa thoracica

01 GCCTGAAATGAAAGGATAATTTTGATA GCTCGGGTATCTACATCTATTC 55 22

02 GTTAATATAAACTCITAACCTITCAA CCGCAAATCTCAGAGCATTG 49 2.3

03 ACAATTGGACATCAATGATACTG ATGACCAGCAATTATATTAG 51 1.1

04 TTAGCACATTTAGTTCCACAAGG TATAATTAGAGCATAATTTTGAAG 50 1.9

05 TTTAATTGAAACCAAATTAGAGG TTTTTGTCGTAATGGTC 50 41

06 CGCTCAGGCTGATAGCCCCA AATCGTACTCCGTTTGATTTTGC 53 29

07 CGAGGTAATGTACCCCGAACCCA GTGCCAGCAGTTGCGGTTATAC 58 2.8

08 ACCTTTATAATTGAGGTATGAAC ATAATAGGGTATCTAATCCTAG 51 2.0
G. depressa depressa

01 GCCTGATAAAAAGGATTATCTITGATA TAAACTTCTGGGTGTCCAAAAAATCA 52 2.0

02 AATTGGGGGATTTGGAAATTG CCACAAATTTCTGAACATTG 49 2.0

03 ACAATTGGACATCAATGATATTG AGGGGCTTCTTTTTTCATAA 47 2.3

04 GCAGCTGCTTGATATTGACA TTAGGATGGGATGGTTTGGG 54 2.2

05 TTTAATTGAAACCAAATAGAGG GTTTGTGAGGGGGTTTTAGG 55 34

06 CCAGAAGAACAAATACCATG TATCAATAGCAAATCCCCCCCA 53 2.3

07 TTCAGCAATATGAAATTTTGGATC TTACCTTAGGGATAACAGCGTAA 53 2.4

08 CCGGTTTAAACTCAGATCATGTA GTGCCAGCAGTTGCGGTTATAC 57 1.8
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Table 2(on next page)

Annotations for the mitogenomes of G.depressa thoracica and G. depressa
depressa.

IGS denotes the length of the intergenic spacer region, for which negative numbers indicate nucleotide
overlapping between adjacent genes. H and L denote heavy and light strands, respectively. N.C. indicates
non-coding sequence. Gdt and Gdd represent G. depressa thoracica and G. depressa depressa respectively.
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Gene Position IGS/bp Initiation/Stop Codon Anticodon Coding

Gdt Gdd Gdt Gdd Gdt Gdd Strand
trnl 1-65 - - - GAT H
trnQ 65-133 6-74 -1 - TTG L
trnM 133-202 74-140 -1 -1 CAT H
nad?2 203-1209 141-1154 0 0 ATT/TA ATT/TAA H
trnW 1210-1273 1153-1216 0 -2 TCA H
trnC 1266-1327 1209-1272 -8 -8 GCA L
trnY 1328-1391 1273-1339 0 0 GTA L
cox1 1384-2931 1332-2879 -8 -8 ATT/TAA  ATT/TAA H
trnL(UUR) 2927-2991 2875-2939 -5 -5 TAA H
cox2 2992-3679 2940-3627 0 0 ATT/T ATT/T H
trnK 3680-3750 3628-3697 0 0 TTT H
trnD 3750-3812 3698-3761 -1 0 GTC H
atp8 3813-3968 3762-3917 0 0 ATC/TAA  ATT/TAA H
atp6 3962-4636 3911-4585 -7 -7 ATG/TAA ATG/TAA H
cox3 4636-5419 4585-5371 -1 -1 ATG/T ATG/T H
trnG 5420-5483 5372-5435 0 0 TCC H
nad3 5484-5835 5436-5787 0 0 ATA/T ATC/T H
trnA 5836-5902 5788-5852 0 0 TGC H
trnR 5902-5964 5852-5913 -1 -1 TCG H
trnN 5964-6027 5911-5974 -1 -3 GIT H
trnS(UCN) 6028-6094 5971-6034 0 -4 TCT H
trnE 6095-6157 6033-6095 0 -2 TTC H
trnF 6158-6220 6094-6159 0 -2 GAA L
nad5 6204-7925 6140-7867 -17 20 ATT/TAA  ATT/TAA L
trnH 7923-7984 7865-7928 -2 -3 GTG L
nad4 7985-9317 7929-9261 0 0 ATG/T ATG/T L
nad4l 9311-9595 9255-9539 -7 -7 ATG/TAA ATG/TAA L
trnT 9599-9660 9543-9606 3 3 TGT H
trnP 9661-9723 9607-9670 0 0 TGG L
nadé6 9726-10226 9673-10143 2 2 ATA/TAA  ATT/TAA H
cob 10226-11365 10143-11282 -1 -1 ATG/TAG ATG/TAG H
trnS(AGN) 11364-11430 11281-11345 -2 -2 TGA H
nadl 11448-12398  11363-12313 17 17 TTG/TAG TTG/TAG L
trnL(CUN) 12400-12464  12315-12379 1 1 TAG L
rrnL 12465-13738  12380-13661 0 0 L
trnV 13739-13806  13662-13730 0 0 TAC L
rrnS 13807-14551  13731-14281 0 0 L

A+T-rich region 14552-16109 - 0 - N.C.
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Table 3(on next page)

Nucleotide compositions in the mitogenomes of G. depressadepressa, G.

thoracica depressa, Paleosephariapostivata, Galeruca daurica and Agasicles
hygrophila.
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G. depressa depressa G. thoracica depressa Paleosepharia postivata Galeruca daurica Agasicles hygrophila

AT GC AT GC AT GC AT GC AT GC
AT skew  skew A+T skew  skew A+T skew  skew AT skew  skew AT skew  skew

Protein-coding genes 77.9 -0.143  0.018 75.2 -0.133  -0.005 78.0 -0.150  0.006 77.0 -0.141  -0.006 72.4 -0.152  -0.018
First codon position 73.3 -0.040  0.225 71.3 -0.010  0.194 72.3 -0.050  0.227 72.4 -0.025  0.188 68.9 -0.021  0.153
Second codon position 69.7 -0.384  -0.117 69.2 -0.387  -0.125 68.6 -0.391  -0.141 68.7 -0.394  -0.112 68.4 -0.395  -0.117
Third codon position 90.6 -0.040  -0.135 85.2 -0.03  -0.153 93.2 -0.049  -0.211 90.1 -0.042  -0.210 80.0 -0.058  -0.128
Protein-coding genes-H strand ~ 76.4 -0.087  -0.106 73.3 -0.050  -0.162 76.6 -0.112  -0.110 75.1 -0.089  -0.134 70.7 -0.084  -0.145
First codon position 70.8 0.057  0.132 68.4 0.112  0.079 69.7 0.032  0.140 69.5 0.064  0.098 66.7 0.079  0.071
Second codon position 68.0 -0.361  -0.221 66.8 -0.364  -0.209 67.2 -0.361  -0.217 67.2 -0.368  -0.202 67.3 -0.70  -0.203
Third codon position 90.2 0.005  -0.470 84.8 0.066  -0.562 92.8 -0.041  -0.681 88.5 0.001  -0.557 78.1 0.025  -0.388
Protein-coding genes-L strand ~ 80.1 -0.227  0.246 78.8 -0.246  0.286 80.4 -0.206  0.229 80.2 -0219 0255 75.3 -0.256  0.224
First codon position 77.0 -0.167  0.410 76.1 -0.149 0417 76.5 -0.170  0.405 77.0 -0.153  0.380 72.5 -0.168  0.311
Second codon position 72.1 -0431  0.053 71.6 -0433  0.044 70.8 -0.437  -0.005 71.1 -0.443  0.051 70.1 -0.434  0.035
Third codon position 91.2 -0.116 ~ 0.429 88.7 -0.177  0.617 93.8 -0.062  0.659 92.6 -0.110  0.657 83.1 -0.183  0.414
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