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ARTICLE INFO                                        ABSTRACT 
 
 

 

In this study, a comparative analysis of select insect mitochondrial DNA (mtDNA) representing 
five insect orders (Diptera, Lepidoptera, Hemiptera, Ephemeroptera and Coleoptera) consisting 
of 24 different species in an effort to study a common set of genes and to understand the 
evolution of mitochondrial genome with respect to Cytochrome Oxidase subunit 1 (CO1), 
16srRNA and 12srRNA gene sequences was done. To compare the similarity between closely 
related insect mitochondrial genome sequences, pairwise distance matrix was constructed using 
the MEGA tool. CO1, 16srRNA and 12srRNA sequences were used to construct a phylogenetic 
tree to determine the relationship among five insect orders. All the three sequences yielded a tree 
with branching patterns reflecting the expected pattern as insect species belonging to different 
orders were put into separate clades with an exception S. graminum & M. destructor being 
branched together in to a separate group. Based on the sequence similarity, insect species 
belonging to five different orders in general appear to be closely related. The tRNA species were 
identical in most species with an exception that two of the twenty four species had an additional 
tRNA gene. Based on this study we conclude that, although the gene types are very similar across 
these insect orders, significant differences in GC content perhaps suggest multiple mitochondrial 
ancestors. 
 

 

Copy Right, IJCR, 2011, Academic Journals. All rights reserved 
 

 
 

INTRODUCTION 
 

Mitochondrial DNA (mtDNA) has been one of the most 
widely used molecular markers for phylogenetic studies in 
animals, because of its simple genomic structure (Avise, 
2004). Animal mitochondrial genomes (mtgenomes) are small, 
circular DNA with length ranging from 14,000 bp to 17,000 
bp (Boore 1999; Cameron, 2007). They usually encode 37 
genes (13 protein coding, 22 transfer RNA, and 2 ribosomal 
RNA genes). The number of complete mtgenomes has steadily 
been on the rise with the technical feasibility of sequencing 
their entirety (Hwang, 2001; Yamauchi, 2004). This 
increasing availability of mtgenome data invites comparative 
study.  Among insects, the maximum number of mitochondrial 
genomes has been characterized in the order Diptera 
(Cameron, 2007; Shao, 2007). The mitochondrial genome (mt-
genome) is one of the largest sets of homologous genes which 
can be compared across animal taxa and has become an 
effective data source for resolving deep-level phylogenetic 
problems (Cameron, 2006; Dellaporta, 2006). Within Insecta, 
more than two hundred mtgenomes are available now in 
databases and mtgenomes have been shown to resolve intra 
ordinal relationships, such as in Diptera (Cameron, 2007), 
Hymenoptera (Cameron, 2008), and Orthoptera (Fenn, 2008).  
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There are many possible ways of using mt-genomes in 
phylogenetic analyses, for example by using different genes, 
amino acid sequences or nucleotide sequences. Using the 
nucleotide sequences of all available genes clearly has been 
shown to be the best way to extract a phylogenetic signal from 
Mt-genomes (Cameron, 2007; Fenn, 2008). Though mtDNA 
sequence data have proved valuable in determining 
phylogenetic relationships, the choice of gene is also of great 
significance (Simon, 1994; Lunt, 1996). The size and structure 
of cytochrome oxidase subunit 1 (COI) gene has been well 
conserved in the animal groups analyzed so far, a feature 
which makes it especially suitable for evolutionary studies 
(Lunt, 1996). In recent years, comparison of mitochondrial 
DNA sequences has been used for population genetics and 
phylogenetic studies in several dipterans of medical, 
veterinary and economic importance (Hall, 2001; Zehner, 
2004; Cummings, 2005; Segura, 2006; Angella, 2007). It has 
become apparent that other mitochondrial gene regions can 
also provide insights concerning deeper divergences, as shown 
by a study that employed 16S rDNA sequences to examine the 

affinities of major gastropod lineages (Thollesson, 1999). 
Therefore, the nucleotide  sequence  of  the  small-subunit 
(12s) and large subunit (16s) ribosomal  RNA  (srRNA)  are 
proving  extremely  valuable  for  probing  phylogenetic  
relationships  among  distantly  related  taxa  because  many  
regions  remain  conserved  or  semiconserved  over large  
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periods  of  time. Woese  (1987)  has  suggested  that  the  
ribosomal  RNAs  may  be  the  ultimate  molecular  clocks. 
There is a large body of evidence that suggests that the rate of 
molecular evolution in general is relatively constant with time 
(Wilson, 1977; Ayala, 1986). Because  the  srRNA  molecule  
is common to  virtually  all  life  forms,  it  becomes  possible  
to  test  the  clock  for  a  single  molecule across  many  phyla. 
The 16srRNA gene, which encodes the mitochondrial large 
ribosomal subunit (mt LSU) in animals, has been employed 
extensively to explore phylogenetic relationships in arthropods 
at most phylogenetic levels (Flook, 1995), familial level 
(Black, 1994) and the genus level and below (DeSalle, 1992; 
Bond, 2001). The wide range in utility of 16s at various 
taxonomic levels suggests that the differential rates of 
molecular evolution within 16s, due to varying functional 
constraints, greatly affect its phylogenetic utility. 
 
Hence based on these factors we have decided to compare the 
mitochondrial genomes of different insect orders among 24 
species by studying their gene content, base composition, and 
the utility of the mitochondrial gene products Cytochrome 
Oxidase subunit 1, 16srRNA & 12srRNA gene sequences for 
assessing the relationship between the different orders by 
carrying out a evolutionary analysis using the bioinformatics 
tools. 
 

MATERIALS AND METHODS 
 
National Center for Biotechnology Information (NCBI) 
 
The data for the study was obtained from the NCBI database 
(Geer, 2010). A search with the keyword “mitochondrion 
insect” in the NCBI platform resulted in 243 entries spread 
across various Orders. Out of the several insect orders we 
selected twenty four species from five orders namely Diptera, 
Coleoptera, Hemiptera, Lepidoptera and Ephemeroptera based 
on the condition one species per family and five species per 
insect order. There were only four entries for Ephemeroptera 
and hence we selected all the four under this category. Five 
species each were selected from the other four orders. The 
mtDNA was downloaded and their proposition was 
determined.  The list of species selected for analysis and their 
information is provided in the table. 1. From this mtDNA we 
selected the nucleotide sequences of the protein coding gene 
Cytochrome Oxidase subunit 1, and the ribosomal RNAs such 
as the 16srRNA and the 12srRNA otherwise called as large 
subunit and small subunit respectively. This after the literature 
study revealing that these selected biological entities have an 
important role in the species identification. The protein table 
option of NCBI helped us to narrow down on the CO1, 
16srRNA and 12srRNA and tRNA sequences. 
 
Molecular Evolutionary Genetic Analysis (MEGA) 
 
The nucleotide sequences of the CO1, 16srRNA and 12srRNA 
were aligned using the ClustalW option present in the MEGA4 
software (Tamura, 2007). Once the alignment is done, 
nucleotide composition, analysis of various sites such as 
conserved sites, parsimonious informative sites, variable sites 
etc., are performed using the highlight section of the sequence 
data explorer window of the MEGA tool. The results were 
imported in to Microsoft Excel 2007 and statistical 
calculations pertaining to the nucleotide bases were performed 

for all the gene types. Further, the aligned sequences were 
used to construct Phylogenetic trees individually for all the 
three gene types using the neighbor-joining algorithm (Saitou, 
1987) involving 500 replicates of bootstrap analysis 
(Felsenstein, 1985). The evolutionary distances were 
computed using the p-distance method and are in the units of 
the number of base differences per site. The analysis involved 
24 nucleotide sequences. All positions containing gaps and 
missing data were eliminated. There were a total of 1519 
positions in the final dataset of the CO1, 992 positions for 
16srRNA and 554 positions for the 12srRNA sequences. 
 

RESULTS 
 
Gene Content 
 
An analysis of the content of mtDNA for all the species was 
done and variation among the orders was determined. The 
species selected for the study and their genome composition is 
shown in table 1. It was observed that among the selected data 
for analysis R.magnicornis had highest genome size and a 
bigger by almost 1300 bp than an average genome size among 
the Coleoptera but lesser coding percent of 63. The same can 
be said about N. viridula of Hemiptera with a coding percent 
of 65 and higher in genome size than the average genome by 
approximately 1200 bp (table.1). Thus, it reflects the fact that 
the complexity of the organism does not correlate with the 
genome size of an organism. There were a total of 13 protein 
coding genes and two ribosomal RNA genes in all the insect 
species and all the organisms had 22 tRNA genes in common 
with an additional tRNA gene coding for isoleucine and 
methionine in A.issoria and P.youi respectively. 
 
The mean and standard deviation was calculated among the 
insect orders and it was found that the average mtDNA size of 
Coleopteran species to be 16204.4bp the largest and the 
Lepidopteran species had the lowest average mtDNA size at 
15387.2 bp. However, best sequence conservation was found 
to be among the Lepidopteran species as they had a smallest 
standard deviation of 113.37, the largest was calculated to be 
938.86 for the Hemiteran species. The GC content was highest 
in Ephemeroptera and lowest for Lepidoptera at 29.5 ± 2.51 
and 19 ± 0.70 respectively as shown in Table 2. 
 
Base Statistics of COI, 16srRNA & 12srRNA 
 
The mean number of thymines (T) was 36.91 in COI genes, 
which was higher in 16srRNA & 12srRNA at 42.3 & 40.75 
respectively. Similar was the case when the analysis is 
extended to adenine content. However, Cytosines were found 
to be more frequented in COI genes (17.10), two times higher 
in number than the 16srRNA & 12srRNA at 6.9 & 7.67 
respectively (table 3). The combined GC content predicted to 
be higher in COI than the others, which was expected from the 
protein coding gene. The AT content was almost found to be 
uniform among the data. 12srRNA had the very less sequence 
conservation percent in comparison to the other gene 
sequences closely followed by 16srRNA. It is worth a fact to 
see that the sequence conservation of the CO1 gene sequences 
was relatively higher than the other two RNA coding genes. 
On the other hand the percent variation site and the 
parsimoniously informative sites were lower in the CO1 
sequences than the other two.  
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Nucleotide Substitution Pattern 
 
Each entry in table 4 shows the probability of substitution (r) 
from one base (row) to another base (column). Rates of 
different transitional substitutions are shown in bold and those 
of transversionsal substitutions are shown in italics. The 
transition/transversion rate ratios are k1 = 1.304 (purines) and  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
k2 = 2.301 (pyrimidines), k1 = 1.355 (purines) and k2 = 1.288 
(pyrimidines) and k1 = 1.864 (purines) and k2 = 2.212 
(pyrimidines) and the overall transition/transversion bias R = 
0.828, 0.467 & 0.750 for CO1, 16srRNA and 12srRNA 
sequences respectively. 
 
 
 

Table 1. Data taken for the study 
  

Species Family Accession No Size (bp) GC AT Coding % 
tRNA 
Genes 

Hemiptera   
Schizaphis graminum Aphididae NC_006158 15721 16 84 69 22 
Nezara viridula Pentatomidae NC_011755 16889 23 77 65 22 
Dysdercus cingulatus Pyrrhocoridae NC_012421 16249 22 78 67 22 
Geocoris pallidipennis Lygaeidae NC_012124 14592 24 76 75 22 
Physopelta gutta Largidae NC_012432 14935 25 75 73 22 
Diptera   
Drosophila simulans Drosophilidae NC_005781 14972 22 78 74 22 
Aedes albopictus Culicidae NC_006817 16665 20 80 67 22 
Aedes aegypti Culicidae NC_010241 16655 21 79 67 22 
Mayetiola destructor Cecidomyiidae NC_013066 14759 15 85 73 22 
Bactrocera tryoni  Tephritidae NC_014611 15925 27 73 70 22 
Lepidoptera   
Manduca sexta Sphingidae NC_010266 15516 18 82 72 22 
Antheraea yamamai  Saturniidae NC_012739 15338 19 81 73 22 
Diatraea saccharalis Crambidae NC_013274 15490 19 81 72 22 
Acraea issoria Nymphalidae NC_013604 15245 20 80 73 23** 
Helicoverpa armigera  Noctuidae NC_014668 15347 19 81 72 22 
Coleoptera   
Tribolium castaneum  Tenebrionidae NC_003081 15881 28 72 69 22 
Chrysochroa fulgidissima Buprestidae NC_012765 15592 30 70 71 22 
 Psacothea hilaris Cerambycidae NC_013070 15856 23 77 70 22 
Rhopaea magnicornis Scarabaeidae NC_013252 17522 24 76 63 22 
Apatides fortis Bostrichidae NC_013582 16171 32 68 68 22 
Ephemeroptera   
 Parafronurus youi Heptageniidae NC_011359 15481 33 67 72 23* 
 Davidius lunatus Gomphidae NC_012644 15913 29 71 70 22 
Ephemera orientalis Ephemeridae NC_012645 16463 27 73 67 22 
Siphlonurus immanis Siphlonuridae NC_013822 15529 29 71 72 22 

                *Additional Met tRNA gene **Additional Ile tRNA gene 

Tabel 2. Size & GC Content 

Order Size GC % 
Hemiptera 15677.2 ± 938.86 22 ± 3.53 
Diptera 15795.2 ± 903.33 21 ± 4.30 
Lepidoptera 15387.2 ± 113.37 19 ± 0.70 
Coleoptera 16204.4 ± 764.55 27.4 ± 3.84 
Ephemeroptera 15846.5 ± 454.19 29.5 ± 2.51 

 
Table 3. Gene Wise Base Statistics 

 

Parameter CO1 16sr RNA 12sr RNA 
T 36.91 ± 0.72 42.3 ± 0.68 40.75 ± 0.65 
C 17.10 ± 0.62 6.9 ± 0.38 7.67 ± 0.50 
A 31.17 ± 0.50 37.45 ± 0.91 37.28 ± 1.07 
G 14.83 ± 0.33 13.35 ± 0.65 14.28 ± 0.85 

Size Including gaps 1578 1502 913 
Conserved site 689 352 168 
Variable site 872 1104 702 
Parsimony informative site 749 932 583 
Overall distance 0.752 0.443 0.664 

Table 4. Maximum Composite Likelihood Estimate of the Pattern of Nucleotide Substitution 
 

  CO1 16sr RNA 12sr RNA 
A T C G A T C G A T C G 

A - 9.62 4.45 5.04 - 12.24 2.52 6.1 - 9.73 2.41 7.19 
T 8.09 - 10.2 3.86 10.84 - 3.25 4.5 8.78 - 5.34 3.86 
C 8.09 22.14 - 3.86 10.84 15.77 - 4.5 8.78 21.5 - 3.86 
G 10.55 9.62 4.45 - 14.69 12.24 2.52 - 16.4 9.73 2.41 - 

R  = si/sv 0.828 0.467 0.75 
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Distance Matrix 
 
COI 
 
Analysis of the distance matrix table of the COI sequences 
revealed a maximum distance value of 1.222 between the 
species A.fortis & R.magnicornis followed by values 1.171, 
1.162, and 1.156 between S.immanis & E.orientalis, A.fortis & 
P.hilaris and D.saccharalis & D.simulans respectively. The 
distance matrix is shown in Fig 1. While the minimum 
distance was recorded between H.armigera & D.simulans with 
a distance value of 0.404 followed closely by M.sexta & 
D.simulans, H.armigera & M.destructor and M.destructor & 
S.graminum with values of 0.431, 0.435 and 0.440 
respectively. An interesting aspect was found with A.aegypti 
& A.albopictus species belonging to same family of Culicidae, 
showing a distance of 1.103 a relatively higher than the 
distance between species of different orders. The average 
distance between the species was found to be 0.752.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
16srRNA 
 
Similar analysis as that of the COI mentioned above was 
performed with the large subunit RNA sequences (16srRNA), 
and found the maximum distance between the species 

S.immamis & E.orientalis with a value of 1.071 followed by 
A.fortis & T.castaneum, S.immanis & P.youi, C.fulgidissima & 
D.simulans, P.youi & D.saccharalis and P.youi & A.issoria 
with a value of 0.727, 0.688, 0.675, 0.674 and 0.674 
respectively. Whereas the minimum distance between the 
species was found to be 0.221, 0.222, 0.244, 0.249 and 0.260 
for the species, D.saccharallis & A.yamamai, A.issoria & 
P.hilaris, D.saccharalis & A.aegypti and D.saccharalis & 
D.simulans respectively. A distance of 0.429 was recorded 
between the species A.aegypti & A.albopictus (Fig 2). The 
average distance separating the species from each other 
recorded was 0.443. 
 
12srRNA 
 
The maximum distance of 1.750 was recorded between the 
species A.aegypti & A.albopictus, both species belonging to 
the same family of Culcidae in the Order Diptera and 
interesting prediction, followed by B.tryoni & D.simulans,  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

S.graminum

N.viridula 0.633

D.cingulatus 0.539 0.732

G.pallidipennis 0.517 0.747 0.742

P.gutta 0.681 0.978 0.930 0.940

D.simulans 0.565 0.525 0.498 0.578 0.754

A.albopictus 0.655 0.534 0.603 0.587 0.735 0.557

A.aegypti 0.689 0.550 0.631 0.631 0.693 0.619 1.103

M.destructor 0.440 0.477 0.545 0.607 0.645 0.458 0.526 0.516

B.tryoni 0.734 0.642 0.708 0.746 0.833 1.156 0.848 0.787 0.737

M.sexta 0.456 0.530 0.495 0.538 0.597 0.431 0.604 0.597 0.491 0.775

A.yamamai 0.490 0.517 0.455 0.475 0.589 0.440 0.630 0.650 0.445 0.801 0.598

D.saccharalis 0.557 0.608 0.552 0.658 0.671 0.605 0.746 0.711 0.541 0.832 0.748 0.805

A.issoria 0.527 0.624 0.550 0.638 0.679 0.500 0.634 0.712 0.462 0.759 0.680 0.811 0.854

H.armigera 0.484 0.579 0.482 0.534 0.648 0.404 0.575 0.589 0.435 0.755 0.568 0.504 0.748 0.556

T.castaneum 0.857 0.824 0.782 0.867 0.717 0.896 0.851 0.899 0.981 0.818 1.021 1.016 0.979 0.989 0.968

C.fulgidissima 0.741 0.816 0.715 0.830 0.907 0.830 0.774 0.910 0.753 0.799 0.880 0.718 0.848 0.837 0.777 1.132

P.hilaris 0.618 0.629 0.555 0.700 0.681 0.607 0.688 0.721 0.598 0.741 0.602 0.601 0.755 0.835 0.619 1.048 0.922

R.magnicornis 0.633 0.590 0.588 0.549 0.755 0.613 0.619 0.634 0.508 0.817 0.642 0.541 0.711 0.668 0.604 0.897 0.948 0.755

A.fortis 0.903 0.787 0.850 0.966 0.861 1.095 0.902 0.990 1.067 1.027 0.985 0.939 0.947 0.970 0.838 0.909 0.925 1.162 1.222

P.youi 0.861 0.753 0.715 0.760 0.763 0.788 0.932 0.929 0.748 0.924 0.856 0.843 1.056 0.894 0.879 1.038 0.856 0.886 0.826 0.990

D.lunatus 0.871 0.898 0.780 0.880 0.801 0.878 0.969 0.906 0.845 0.883 0.922 0.774 1.021 0.945 0.845 0.869 0.969 0.938 0.835 0.948 0.920

E.orientalis 0.749 0.556 0.665 0.665 0.682 0.771 0.760 0.706 0.689 0.802 0.704 0.730 0.942 0.755 0.782 0.935 0.799 0.771 0.735 0.828 0.897 0.882

S.immanis 0.697 0.631 0.695 0.671 0.708 0.726 0.872 0.878 0.718 0.825 0.830 0.849 0.851 0.834 0.727 1.046 0.925 0.754 0.735 1.099 1.038 1.011 1.171  

Fig 1: Distance Matrix of COI 

 
Fig. 2. Distance Matrix 16srRNA 
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S.immanis & P.youi, E.orientalis & P.youi and P.youi & 
A.aegypti with distance values of 1.444, 1.275, 1.208 and 
1.127 respectively. The species D.saccharalis & M.destructor 
had a distance of 0.305 between them followed by M.sexta & 
M.destructor, M.destructor & S.graminum, H.armigera & 
M.destructor and M.destructor & D.cingulatus with a distance 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
values of 0.306, 0.323, 0.327 and 0.327 respectively (Fig 3). 
The average distance separating the species was 0.664. 
 

Evolutionary tree involving COI Seqeunces 
 

The tree derived from the CO1 sequences (Figure. 4) placed 
their host insect species in to taxonomic groups similar to that  

 
 

Fig. 3. Distance Matrix 12srRNA 
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of morphologically derived characteristics, with an exception 
of M.destructor (Diptera) which was branched together with 
the Hemiptera species S.graminum (Hemiptera) with a 100% 
bootstrap value suggesting a close relationship between these 
two and a good indication about the evolution. All the other 
species were placed in to their respctive taxonomic groups. As 
expected the A.aegypti and A.albopictus were placed under a 
single roof with a bootstrap value 100% and D.simulans and 
B.tyroni with a bootstrap value of 99%, very high intra Order 
bootstrap values than the others. The two species with lowest 
bootsrap value of 32% were the lepidopteran M.sexta and 
A.yamamai. Further analysis of the CO1 tree gives us a 
glimpse that, the Diptera and Coleoptera shared best 
relationship with a bootstrap value of 32% than the other 
Orders. 
 
Evolutionary tree involving 16srRNA Seqeunces 
 
The phylogenetic tree obtained based on the large subunit 
sequences (16srRNA) is shown in figure 5. Similar results 
were obtained with the 16srRNA sequences as that of the CO1 
sequences were a 100 % bootstrap relationship between the 
A.aegypti & A.albopictus (Diptera) and M.destuctor (Diptera) 
& S.graminum (Hemiptera). Further, the Ephemeroptera 
species’ E.orientals & S.immanis also shared 100% value, 
hence placed under a branch. The analysis with these 
sequences was in tune with that of the CO1 sequences 
analysis. Strengthening the fact that the mitochondrial 
16sRNA and CO1 are the molecular markers for species 
identification. 
 
Evolutionary tree involving 12srRNA Seqeunces: 
 
Simialr analysis was extended to mitochondrial small subunit 
sequnces (12srRNA) and thetree is shown in figure 6. The 
species belonging to the genus Aedes again were found have 
100% bootstrap value alongwith the Hemipteran P.gutta & 
D.cingulaus, Ephemeropteran E.orientalis & S.immanis. This 
time the interspecies bootstrap was 87% between M.destructor 
& S.graminum. All the trees constructed using differenct 
sequence data resulted in almost identical results. 
 

DISCUSSION 
 
The insect genomes are closed circular and have the bacterial 
universal genetic code. The genome size varies from 17522 bp 
(Rhopaea magnicornis) to 14592 bp (Geocoris pallidipennis) 
(Table.1). The mtDNA from Hemiptera, Coleoptera and 
Diptera have minor differences in size within each order. For 
example, Chrysochroa fulgidissima is 1,930 bp shorter than 
Rhopaea magnicornis. Variation in mitochondrial size is due 
in some cases to variation in the repeat length of noncoding 
regions. However, despite the size differences, the gene order 
is not altered. The mtDNA size in the orders Diptera, 
Hemiptera, Coleoptera & Ephemeroptera are similar, but 
Lepidoptera. The mean size of mtDNA was higher for 
Coleoptera at 16204.4 bp and the lowest was Lepidoptera at 
15387.2 bp. The lowest mean GC content was found to be 
among the Lepidopteran species with a mean value as low as 
19% where as the highest was recorded among the 
Ephemeropteran species and the value stood at 29.5%. As 
observed in Cochliomyia hominivorax (Diptera), mtDNA has 
a bias in nucleotide composition, which perhaps has led to an 

AT rich genome (Lessinger, 2000). This bias is higher at the 
third position in the codons of protein coding genes due to 
lower selection and mutation (Jermiin, 1994). For all other 
orders, the A+T composition is very close to the mean 
observed in insect mtDNA, at 77% (Stewart, 2005). From our 
comparative studies, differences in the genes for tRNA have 
been observed. The typical gene content for the insect mtDNA 
was observed for all 24 insect species. Almost all species of 
insect mtDNA encode large and small rRNA, 22 tRNAs, and 
13 to 14 polypeptides. As many as one additional tRNA 
coding gene was found to be present in Parafronurus youi & 
Acraea issoria, coding for methionine & isoleucine 
respectively. 
 
GC content was higher in CO1 than the others, which was 
expected from the protein coding gene. Within a long region 
of genomic sequence, genes are often characterized by having 
a higher GC-content in contrast to the background GC-content 
for the entire genome. Evidence of GC ratio with that of 
length of the coding region of a gene has shown that the length 
of the coding sequence is directly proportional to higher G+C 
content (Pozzoli, 2008). The AT content was almost found to 
be uniform among the data. This has been pointed to the fact 
that the stop codon has a bias towards A and T nucleotides, 
and, thus, the shorter the sequence the higher the AT bias 
(Wuitschick, 1999). The evolutionary relationship between the 
species was done by constructing phylogenetic trees using the 
MEGA tool based on the neighbor-joining method. Separate 
trees were constructed with three different datasets. It was 
inferred from the trees that all the sequence datasets yielded 
almost similar trees with the members of the order forming a 
clade a monophyly. An interesting aspect noted from these 
trees was the hemipteran species S.graminum and the Dipteran 
M. sexta favoring to form a seperate clade as they were 
branched together seperately with a heavy bootstrap value 
close to 100 and as expected the Dipteran species A.aegypti 
and A.albopictus were placed under a single roof with a 
bootstrap value 100% and D.simulans and B.tyroni with a 
bootstrap value of 99%, very high intra Order bootstrap values 
than the others. Further research involving comparative 
genome analysis of a large number of insect orders with 
substantial number of insect species will bring light on the 
possibility of multiple mitochondrial ancestors. 
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