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The rice earhead bug, Leptocorisa oratoria (Fabricius, 
1794) is a critical rice pest in India. No mitochondrial 
genome of L. oratoria has been sequenced earlier, and 
the mitochondrial data are crucial for phylogenetic and 
population genetic studies of this significant rice pest. In 
the present study, the genome of L. oratoria is 17,584 bp 
long with 73.57% AT content. We observed tandem 
repeat in the control region. Analyses from genetic dis-
tance, sliding window and Ka/Ks ratio revealed a purify-
ing selection of 13 protein-coding genes, with cox1 and 
nad2 reporting the lowest and highest rate of evolution 
respectively. Phylogenetic analysis was reconstructed 
using 65 pentatomid mitogenomes with Bayesian infer-
ence and maximum likelihood methods. The results 
help differentiate the Coreoidea superfamily from Lyga-
eoidea, Aradoidea and Pentatomoidea. There were two 
topologies at the family level, i.e. one clade formed 
with Coreidae + Rhopalidae + Alydidae, and the rest of 
the families of Pentatomomorpha formed in separate 
clades. Further, L. oratoria produced an independent 
subclade from the earlier reported Leptocorisa sp. genome. 
This study provides a source mitogenome for L. orato-
ria species to study population demography, individual 
differences and phylogeography of hemipterans. 
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THE rice earhead bug, Leptocorisa oratoria (Fabricius, 1794) 

(Heteroptera : Coreoidea : Alydidae), is a crucial pest of 

rice reported from major rice-producing countries of Asia1,2. 

In India, L. oratoria is usually known as ‘gundhi bug’, as 

adults discharge an unpleasant odour as a defensive strat-

egy. Both adults and nymphs of the bug suck the sap from 

rice grains during the milky stage1,2. L. oratoria infestation 

may cause 10–30% yield losses3,4; severe infestation leads 

to >50% yield loss2. Sri Lanka and the Philippines have 

experienced 60–70% yield loss due to Leptocorisa sp. in 

rice5. Apart from direct loss, L. oratoria affects seed quality 

and germination6. Among the nine species of Leptocorisa 

reported from Asia and Oceania, L. acuta and L. chinensis 

are found in temperate climates, whereas L. oratoria is 

prevalent in tropical climates7. L. oratoria is an indigenous 

pest species in India. The first report of an infestation in 

paddy fields was recorded from Madras Province at the 

beginning of the 20th century. 

 The mitogenome naturally consists of an exceptional 

non-coding region known as the control region with higher 

AT content8–11, and areas for genome replication and initi-

ation of transcription12,13. Mitogenome organization and 

content are commonly used in population genetics, phylo-

genetics, genomics and molecular evolution11,14. There is 

minimal information from the literature on L. oratoria geo-

graphical variability and genetic structure. Alydidae15 has 

been estimated to contain over 56 genera, with 285 species 

worldwide16. Nevertheless, mitochondrial genome data exist 

for only a few species. Thus far, sequences for only Riptor-

tus pedestris (Fabricius, 1775) and Leptocorisa sp. are 

available in NCBI GenBank. Phylogeny analyses at the 

family level and new genomics approaches have increased 

understanding of species evolution and phylogeny17. Next-

generation sequencing (NGS) techniques have been widely 

used for sequencing bacterial genomes18, arthropod geno-

mes19 and the mitochondrial genomes of living organisms 

or herbarium and museum specimens20–22. Data generated 

from these techniques have been instrumental in gaining 

accurate information about species population genetics and 

evolution18–22. 

 In this study, we have arranged a mitogenome of L. ora-

toria from India using NGS to characterize its evolution and 

phylogeny. We report the nucleotide composition, assem-

bly and overlap of genes, non-coding control region, codon 

usage and tRNA secondary structure. We have also compa-

red the L. oratoria mitogenome with the existing mitoge-

nomes of superfamily Coreoidea, viz. Leptocorisa sp.; 

Riptortus pedestris (Fabricius, 1775); Aeschyntelus nota-

tus Hsiao, 1963; Corius sp. Leach 1815; Myrmus lateralis 

https://www.google.com/search?sxsrf=AOaemvL8QTAmFA9PtnSiF-d4hTD-0WsmrA:1638437221881&q=Coreoidea&stick=H4sIAAAAAAAAAONgVuLUz9U3SMozzUpfxMrpnF-Ump-ZkpoIAOpR3AAZAAAA&sa=X&ved=2ahUKEwju3eKk5sT0AhUDxTgGHap4DrwQmxMoAXoECEcQAw
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Hsiao, 1964; Acanthocoris sp. Amyot & Serville, 1843; Cle-

tus punctiger (Dallas, 1852); Cletus rubidiventris (West-

wood, 1842); Cloresmus pulchellus Hsiao, 1963; Enoplops 

potanini (Jakovlev, 1890); Hydaropsis longirostris (Hsiao, 

1963); Leptoglossus membranaceus (Fabricius, 1781); Mictis 

tenebrosa (Fabricius, 1787); Molipteryx lunata (Distant, 

1900) and Pseudomictis brevicornis Hsiao, 1963. The phy-

logeny of Pentatomomorpha infraorder has been revised us-

ing the present study sequences and previously reported 

mitogenome sequences from the NCBI database. This mi-

togenome reference sequence can be exploited for biotype 

differences and other molecular studies in future L. orato-

ria research. 

Materials and methods 

Mitochondrial genome sequencing and assembly 

Specimens of L. oratoria were collected from the experi-

mental farms (202654; 855625) of ICAR-National 

Rice Research Institute (NRRI), Cuttack, India. Insect sam-

ples were identified following Barrion and Litsinger23, and 

reconfirmed by the insect biosystematics laboratory taxono-

mist, Department of Entomology, University of Agricultural 

Science, Bengaluru, India. Voucher specimens were de-

posited in the Crop Protection Division, ICAR-NRRI 

(CPT/GB/VS-1-3). 

 A mitochondrial DNA isolation kit of Abcam (ab65321, 

Abcam, Cambridge, UK) was used for extracting the mito-

chondrial DNA from mature L. oratoria. Sequencing and 

Illumina library preparation were completed at Xcelris 

Labs Limited, Ahmedabad, India. Detailed information on 

the sequencing procedure is available in our earlier publi-

cation24. In brief, a library of paired-end sequencing was 

developed, and a high-sensitivity DNA chip-based Bioan-

alyzer 2100 (Agilent Technologies, California) was used 

to analyse the amplified library. Sequencing was performed 

onilluminaMiSeq Sequencing System (Illumia Inc., Cali-

fornia) with a 2  150 bp kit. Assembly of sequences was 

done using NOVOPlasty (a seed extend-based assembler 

for whole-genome data) with default parameters. The refer-

ence data for de novo assembly were used from Lepto-

corisa sp. cox1 gene of MT-2014 mitochondria (accession 

number KM244663). A single scaffold was obtained from 

the assembly with approximately 17.5 kb. The resultant 

contigs comprising the mitogenome sequence were veri-

fied by the NCBI blast algorithm. 

Leptocorisa oratoria mitogenome annotation 

The detailed procedure used for annotation is available 

from our earlier publication24. In short, all the genes while 

placing invertebrate mitochondria genetic code as the base 

in MITOS web server were predicted25. Protein-coding 

genes (PCGs) were cross-checked by the ORF Finder emplo-

yed at NCBI. Again, all rRNAs and PCGs were manually 

interpreted and cross-checked by comparing them with the 

16 mitogenomes of 15 other Coreoidea species downloaded 

from NCBI. MITOS-downloaded two-dimensional tRNA 

structures were rechecked using tRNAscanSEv 1.21 and a 

cut-off value of 15.0 of covariance employing Mito/Chlo-

roplast mode26. CGview server (circular mitochondrial 

map), ClustalW (alignment), and DNA mfold server (sec-

ondary fold structure) were run with the following stand-

ard procedures27–29. AT skew = [A – T]/[A + T] and GC 

skew = [G – C]/[G + C] formulae were employed to calcu-

late the composition of GC skew30. Manually, the overlap-

ping regions and intergenic spacers between genes were 

estimated. For each PCG, and synonymous and non-syno-

nymous substitution rates were calculated using DnaSP 

5.0 (ref. 31). The sequenced L. oratoria mitogenomes were 

uploaded into NCBI GenBank as accession numbers 

OM177216 and OM177217. 

Phylogenetic analysis 

All available complete mitogenomes of Pentatomorpha in-

fraorder (75 mitogenomes) were chosen for analysis. L. 

oratoria mitogenome (two numbers) was correlated with 

the existing mitogenomes of Pentatomorpha infraorder. 

All 13 PCG nucleotide sequences from 75 mitogenomes 

were used for phylogenetic analysis. Detailed information 

on the sequencing procedure is available from our earlier 

publication24, using standard protocols32–38. 

Results and discussion 

Sequencing and assembly of L. oratoria mitogenome 

Libraries of genomic DNA were used to obtain the L. orato-

ria mitogenome sequence data. We acquired 24.5 (sample-

1) and 24.4 (sample-2) million reads of 2  150 bp read 

size from the paired-run Illumina MiSeq sequencing plat-

form. Mitogenomes of L. oratoria had minimal variation 

(<0.1) with high similarity. Hereafter, for clarity, only one 

sample is discussed in this study. 

L. oratoria mitogenome organization 

The whole mitochondrial genome of L. oratoria (acces-

sion numbers OM177216 and OM177217) is 17,584 and 

17,583 bp closed circular in length, which matches with 

previously studied mitogenome of Coreidae (14,532 bp  

in A. notatus [EU427333] to 18,022 bp in C. pulchellus 

[MF497719]). Mitochondrial genomes include the 37 

genes usually present in metazoan mitogenomes13, consisting 

of 13 PCGs (cox1-3, nad4l, nad1-6, atp6, atp8 and cob), 

22 tRNA (two each for serine and leucine; one for each 

amino acid), and two rRNA (rrnS and rrnL) genes (Figure 1, 

Supplementary Tables 1 and 2). The places of the gene in 

L. oratoria mitochondrial genome according to character-

istic and plesiomorphic form theorized for the Pancrustacea 

https://www.currentscience.ac.in/Volumes/125/04/0407-suppl.pdf
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arrangement39, consistent with most hemipteran insects 

sequenced so far40. 

 A total length of 3035 bp non-coding region was present 

between 14,550 and 17,584 bp of rrnS and trnI (Figure 1 

and Supplementary Figure 1). L. oratoria genome organiza-

tion was condensed by 900 bp, dispersed in 24 intergenic 

spacers from 1 to 579 bp, and contiguous genes overlying 

at six boundaries by 23 bases from 1 to 8 bp. An extended 

putative regulatory region and a lengthy repetitive region 

containing additional genes contributed to the unusually 

long mitogenome in L. oratoria. However, their functional 

role remains unclear. Similar observations were also reported 

in the mitogenome N. lugens41,42. 

Leptocorisa oratoria nucleotide composition and  
skewness 

Genome-wide and strand-specific compositional biases 

were observed in the nucleotide composition. The composi-

tion of nucleotides in L. oratoria was biased towards A 

and T (73.95%; A = 44.97%, T = 28.98%, G = 10.61%, C = 

15.44%), corresponding to previously studied mitoge-

nomes of Coreoidea species (from 71.47% in Leptoglossus 

membranaceus to 76.59% in Riptortus pedestris). All 

PCGs had their AT content (74.05%) and tRNAs (78.49%), 

and rRNAs (77.17%) evaluated separately. The conserved 

region (75%) was also well within the range reported in 

the 16 Coreoidea superfamily species examined in the pre-

sent study. PCGs of the majority (J-strand) and the minority 

(N-strand) were scrutinized separately. It was observed 

that the N-strand (four PCGs, 74.98%) had higher AT con-

tent than the J-strand (nine PCGs, 73.64% AT content). Ad-

ditionally, there was a strong bias for T content (33.06% 

and 53.70% for J-strand and N-strand respectively) when 

compared with the corresponding values of 40.58% and 

21.28% for A content in the PCGs. Similar observations 

have been reported in hemipteran mitogenomes and other 

insects43–46. 

 The biasness in the data of nucleotides is reflected in 

codon usage. Due to code degeneracy, the study revealed 

that AT content was considerably higher in the third codon 

position, which was found in other insects, and T was over-

represented in the second codon position11,43,45. Similarly, 

all three PCG codons on the N-strand showed higher G 

and C content in the J-strand. The base composition corre-

sponds to the general mitogenome inclination towards a 

reduced G content7. The RSCU of NNA and NNU codons 

>1 directed at the third position of the U/A has a high fre-

quency of codon usage in the L. oratoria mitochondrial 

genome (Supplementary Table 3). Bias towards AT-rich 

codons was also evident in the codons TTA–Leu (3.47), 

ATT–Met (1.80), AAA–Met (1.80), AAA–Lys (1.71), 

AAT–Asn (1.60), TTT–Phe (1.59), TAT–Tyr (1.54) and 

ATT–Ile (1.53). The overall number of non-stop codons was 

3448 bp. Leu (14.52%), Phe (10.03%), Ile (9.17%), Ser 

(9.17%), Met (8.39%), Thr (5.57%) and Val (5.12%) were 

the most prevalent amino acids making up >53.61% of the 

total. 

 Several studies have been carried out on the insect mito-

genome AT composition of various regions or genes to ex-

amine compositional heterogeneity of bases and site rate 

variation24,40. In the present study, AT composition of PCG 

in zerofold (P0FD), twofold (P2FD) and fourfold degenerate 

sites (P4FD) was each ascertained for 16 Coreoidae species 

(Leptocorisa sp., L. oratoria, R. pedestris, A. notatus, Corius 

sp., M. lateralis, Acanthocoris sp., C. punctiger, C. rubid-

iventris, C. pulchellus, E. potanini, H. longirostris, L. 

membranaceus, M. tenebrosa, M. lunata and P. brevicor-

nis) (Supplementary Figure 2). Furthermore, among the 16 

coreoidae species considered in this study, the majority of 

PCGs showed much less variance in AT content at P0FD 

than at P2FD and P4FD sites (excluding atp8 gene). 

 GC skew and AT skew were estimated for all accessible 

entire mitochondrial genomes of Coreidae species. AT skew-

ness of the mitogenome was somewhat positive (0.216), in-

dicating the presence of more A than T. Our findings are 

consistent with other reports from Coreoidae species, which 

ranged from 0.091 in Myrmus lateralis to 0.204 in Lepto-

corisa sp.40,47. Although all of the chosen Coreoidea mito-

chondrial genome samples had negative values for GC 

skew (–0.164 to –0.253), it is interesting that the GC skew 

of L. oratoria was also negative (–0.164), showing the occur-

rence of more C than G. Similar skewness has been seen 

in hemipteran, lepidopteran, dipteran and other insect spe-

cies47–50. 

Protein coding genes 

The mitogenome of L. oratoria comprises all 13 PCGs (Sup-

plementary Tables 1 and 2). The majority of PCGs begin 

with a representative ATN initiation codon (nad2, atp8, 

nad6, cyb and nad1 use ATA; atp6, cox3 and nad4 use 

ATG and nad4L use ATT). Initiation codon, i.e. ATA or 

ATG containing methionine, is the most prevalent among 

insects40,44; however, the uncommon ATT initiation codon 

has also been reported in other Hemiptera41,50. Two PCGs 

(cox2 and atp8) were found to have typical TAA termination 

codons. Other PCGs like cox3, nad5, cyb (TA) and nad2, 

cox1, atp6, nad3, nad4, nad4L and nad1 (T) had incom-

plete termination. The atp8 gene length of L. oratoria was 

156 bp, which is similar to other insects (like 138 bp in 

Petiole gall psyllid, Pachypsylla venusta (Osten-Sacken, 

1861)51 and 183 bp in the gypsy moth Lymantria dispar 

(Linnaeus, 1758)52 and mostly falling in and around 160 bp 

(ref. 41). 

Ribosomal and transfer RNA genes, and other  
structure 

Similar to other insect mitogenomes, L. oratoria has two 

ribosomal RNA genes, namely rrnL (situated between 

https://www.currentscience.ac.in/Volumes/125/04/0407-suppl.pdf
https://www.currentscience.ac.in/Volumes/125/04/0407-suppl.pdf
https://www.currentscience.ac.in/Volumes/125/04/0407-suppl.pdf
https://www.currentscience.ac.in/Volumes/125/04/0407-suppl.pdf
https://www.currentscience.ac.in/Volumes/125/04/0407-suppl.pdf
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Figure 1. Leptocorisa oratoria mitogenome map. The first outer circle indicates protein-coding genes (PCGs), rRNA, tRNAs and 
control region. The second and third circles specify GC content and GC skew respectively.  

 

 

 
 

Figure 2. Depicted control region of L. oratoria mitogenome. a, Diagram of control region. b, Possible stem–loop structure from control region. 

 

 

trnL and trnV) and rrnS (situated between trnV and the 

control region). The ribosomal genes rrnS and rrnL were 

1233 and 785 bp respectively, in the range recorded in Core-

oidea and hemipterans40,53,54. A typical total of 22 tRNA 

genes was decoded in the L. oratoria mitogenome, and the 

size ranged from 62 to 73 bp for trnW, trnD, trnG, trnA 

and trnT. All projected tRNAs had the characteristic clover-

leaf secondary structure, except these dihydrouridine arms 

represented in trnS (AGN) having a straight forward loop 

as in most insects and other metazoans41. By adapting its 

structural conformation, trnS can fit into the ribosome and 

perform similarly to other tRNAs55. 
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 The anticodons observed in this study are comparable to 

those found in other Coreoidea species. Except for Ala, 

Arg, Met and Ser (AGN), L. oratoria possesses a 7 bp accep-

tor stem, a 5 bp anticodon stem and a 5 bp anticodon loop. 

The DHU arm (stem size 1–4 bp, loop size 3–11 bp) and 

T–C arm (stem size 3–5 bp, loop size 1–10 bp) frequently 

showed size inconsistency. In addition, 22 tRNA genes 

had 29 mismatched base pairs and G–U wobble pairings. 

Weak bonds were formed by 21 G–U wobble pairs and 

unmatched U–U base pairs in two trnR (acceptor arm) and 

TrnY (TC arm), one unmatched A–A base pair in trnE (anti-

codon arm), one unmatched G–G base pair in trnA (anti-

codon arm), one unmatched A–G base pair in trnS (DHU 

arm), and three unmatched A–C base pairs in trnD and 

trnM (acceptor arm) and trnN (TC arm). 

L. oratoria control region and intergenic spacers 

Similar to other insect mitogenomes, overlapping genes 

were observed in L. oratoria50,56. The present study revealed 

the presence of 11 overlapping regions. The most extended 

intergenic spacer (51 bp) was noted between cytb and trnS. 

Likewise, 44 bp intergenic spacer was observed between 

trnF and nad5, and 23 bp between nad6 and cytb (Sup-

plementary Tables 1 and 2). In addition, L. oratoria genome 

size, intergenic spacer length, and gene count differed sig-

nificantly from those of other Hemiptera50. 

 Control regions of L. oratoria are situated between clus-

ters of rrnS and the trnI–trnQ–trnM genes at the conserved 

position (Figure 1 and Supplementary Figure 1). L. orato-

ria control region spans 3035 bp and has a high AT content 

(75%) within the range of other completely sequenced 

Hemipetran insects50. Both vertebrate and invertebrate mi-

tochondrial genomes have a high AT content in the control 

region, associated with replication initiation13. The com-

plete length of control region varies from 224 bp (Larg-

idae) to 3035 bp (Alydidae, in the present study). Thus, 

non-coding regions are the main reason for the variation 

observed in the mitogenome size of insects47. The repeated 

region of the mitogenome contained three different types 

of tandem repeats. They are two repeats of 22 bp between 

536 and 578 bp; four repeats of the longest type 475 bp 

between 998 and 2809 bp; the fourth repeat region is partial, 

and two repeats of 20 bp positioned at 2842–2280 bp 

(Figure 2 a). Approximately 39 bp putative stem–loop 

structure was found in the regulatory area, and no conserved 

functional motifs were found (Figure 2 b). Variable tandem 

repeats in control region have also been described previ-

ously, such as more long tandem repeats (LTRs) in Dinor-

hynchus dybowsky Jakovlev, 1876 (ref. 57) and fewer 

LTRs in various species of Hemiptera58,59. 

Gene evolutionary rate and nucleotide diversity 

For all PCGs, the rate and ratio of non-synonymous (Ka) 

and synonymous substitutions (Ks) were determined (Sup-

plementary Table 3). The fastest-evolving genes were 

nad5 and nad6, followed by nad2, nad4, nad4L and atp8. 

The slowest rate was shown by cox1, which is appropriate 

given that it is a universal barcode marker for insect spe-

cies41,50,54. The Cox3 region gene can also be considered a 

candidate gene for the L. oratoria barcode indicator due to 

its slow evolutionary rate. However, due to their higher 

divergence rates, complete nad genes and atp6 may be effec-

tive markers to ascertain intraspecific relationships. These 

genes can be used for population differentiation within the 

species. These observations are in line with earlier findings 

in other insects60. All PCGs, except nad2, nad5 and nad6 

had Ka/Ks and JKa/JKs ratio <1, demonstrating that genes 

were developing under purifying selection and that all 

(except nad2, nad5 and nad6) could be pooled to explore 

Coreoidea phylogeny. 

 The sliding window study revealed highly variable nucleo-

tide diversity (ND; Pi) and substantial disparity between 

the 13 aligned PCGs of 16 Coreoidea mitogenomes. While 

cox1, nad1, cox3 and cytb genes displayed substantially 

lower ND of 0.153, 0.165, 0.173 and 0.184 respectively, 

the genes nad2, nad5, nad6 and nad4 displayed relatively 

higher ND of 0.512, 0.466, 0.439 and 0.345 respectively. 

Additionally, pairwise genetic distance examinations pro-

vided the same results, with more considerable distances for 

the genes nad2, nad5, nad6 and nad4 being 1.101, 1.029, 

0.729 and 0.521 respectively, and lower distances for the 

genes cox1, nad1, cox3 and cytb being 0.173, 0.188, 0.199 

and 0.214 respectively. 

Base composition and skewness of mitochondrial  
genome of Coreoidea 

The majority strand (J-strand) composition of the mito-

chondrial genome from L. oratoria was made up of the 

following bases: A = 7868 bp (44.7%), T = 5070 bp (28.8%), 

G = 1856 bp (10.6%) and C = 2701 bp (15.4%). The 

alignments of nucleotides of the L. oratoria mitochondrial 

genomes were strongly biased towards A and T (73.6%), 

like most hemipteran species61. Significant variation in the 

base composition of L. oratoria was observed compared 

to the studied Coreoidea samples. The base composition 

of the present study samples varied significantly, averag-

ing 74.02%, ranging from 71.5% in L. membranaceus 

(MF497724) to 76.6% in R. pedestris (EU427344). The 

AT skew in the present study was 0.2163. Earlier studies 

have also claimed that the hemipteran AT skew ranged 

from –0.1812 (Trialeurodes vaporariorum) to 0.2765 (Ly-

corma delicatula)24. Likewise, the present sample GC 

skews matched with other hemipteran species ranging from –

0.2827 (Acyrthosiphon pisum) to 0.2086 (Neomaskellia 

andropogonis). These results imply that the base composi-

tion and base skew values of Coreoidea mitogenomes are 

comparable to other hemipteran insects41,61,62. 

https://www.currentscience.ac.in/Volumes/125/04/0407-suppl.pdf
https://www.currentscience.ac.in/Volumes/125/04/0407-suppl.pdf
https://www.currentscience.ac.in/Volumes/125/04/0407-suppl.pdf
https://www.currentscience.ac.in/Volumes/125/04/0407-suppl.pdf
https://www.currentscience.ac.in/Volumes/125/04/0407-suppl.pdf
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Figure 3. Phylogenetic tree of 75 species from Pentatomomorpha infraorder including two numbers of L. oratoria 
from the present study. The tree was obtained from ML analysis based on concatenated data of 13 protein -coding 
genes (PCGs). The probabilities of ML bootstrap values are indicated by the numbers at the nodes. 

 

 

Phylogenetic relationship 

Previously, phylogenetic relationship of insects has been 

mainly inferred based on partial mitochondrial gene sequen-

ces41. The present study used maximum likelihood (ML) 

and Bayesian inference (BI) methods, a model evolution-

ary technique based on a sequencing dataset containing 13 

PCGs and 123 nucleotide sequences. Previous reports 

have suggested that PCGs show a higher significant positive 

correlation than ribosomal genes during a comparison of 

AT content of all PCGs and the rrnS and rrnL genes with 

the complete mitogenome41. As a result, PCGs appear to 

properly represent the overall evolution of mitochondrial 

genomes compared to rRNA genes. Likewise, a recent 

phylogenomic study of bugs suggests using Aradoidea as 

the basal group for most lineages of Pentatomomorpha; 

hence we used Aradoidea as the outgroup62. Phylogenetic 

analysis based on ML indicated that the Pentatomoidea 

superfamily (Pentatomidae, Cydnidae, Tessaratomidae, 

Scutelleridae, Acanthosomatidae, Plataspidae, Urostylididae) 

formed a separate clade with all other superfamilies (Pyrrho-

coroidea, Coreoidea, Lygaeoidae). Furthermore, family-level 

phylogenetic analysis yielded two topologies in Pentato-

moidea and Pyrrhocoroidea + Coreoidea + Lygaeoidae (Fig-

ure 3). Pentatomoidea was rooted with Plataspidae in one 

clade, while the remaining families (Pentatomidae, Cydni-

dae, Tessaratomidae, Scutelleridae, Acanthosomatidae, 

Urostylididae) formed another clade. Similarly, Largidae 

and Pyrrhocoridae formed a single clade that could be dif-

ferentiated from the other clade consisting of Rhopalidae, 

Coreidae, Alydiade, Lygaeidae, Geocoridae, Malcidae, 

Berytidae and Colobathristidae. Coreidae is recovered as 

the sister group of Alydidae under phylogenetic analysis. 

Earlier reports also support our phylogenetic analysis62,63. 

Similarly, phylogenetic analysis based on BI method of all 

75 mitogenomes of Pentatomomorpha infraorder was perfor-

med. Coreidae were differentiated from the other 15 fami-

lies of Pentatomomorpha infraorder (Figure 4). Similar to 
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Figure 4. Phylogenetic tree of 75 species from Pentatomomorpha infraorder, including two numbers of L. oratoria from 
the present study. The tree was obtained from Bayesian analysis based on concatenated data of 13 PCGs. The probability of 
Bayesian bootstrap values is indicated by numbers at the nodes. 

 

 

ML analysis, L. oratoria formed a separate subclade from 

the previously reported Leptocorisa sp. (KM244663) in 

Bayesian analysis. 

Conclusion 

This study reports a mitogenome of L. oratoria from India, 

with 37 distinctive metazoan mitochondrial genes and fol-

lowing an organizational pattern like many other hemip-

teran mitogenomes. Compared to other hemipterans and 

insects, L. oratoria also has different types of tandem repeats 

for which functional characterization should be established in 

future to determine their crucial role in this species. Moreo-

ver, phylogeny reconstruction based on 75 mitogenomes 

of the Pentomomorpha infraorder provides a good under-

standing of the evolution of this species, which will be 

useful for understanding another homo/heteroptera species. 

Future research on population demography and genetics, 

individual variations and phylogeographics of hemipteran 

insects will benefit from the findings of the present study. 

A phylogenetic reconstruction based on more Leptocorisa 

taxa is required to understand Alydidae evolution better. 
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