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Abstract: For the correct estimation of post mortem interval (PMI), it’s prerequisite to identify the insect specimens found 

in and around the dead bodies accurately. There are number of methods which can be used for this purpose. In the 

present review paper, we are presenting the review of various methods used for the species identification of flies of Indian 

origin. 
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INTRODUCTION 

 Forensic entomology has been an important investigative tool for many years, particularly through its use in court trials 

in providing an estimation of PMI in homicide cases. This application of entomology for investigations demands great accuracy in 

PMI estimations, resulting in significant research addressing this issue. The correct identification of specimens is a critical 

prerequisite in the estimation of PMI using insects, but this may be difficult using the traditional morphology based approach 

[1,2].  

 Catts and Goff [3] emphasized that one problem facing the entomologists is the accurate identification of the maggots 

collected from a corpse. All because most of the time only dead specimens or maggots collected and poorly preserved are 

submitted for identification. Even when the local fauna is well known, identification can be difficult, particularly of the early 

instar maggots. Work by Erzinclioglu [4] in England and by Liu and Greenberg [5] in US have resulted in identification keys to 

eggs and larvae of some forensically important species. Haskell et al. [6] and Hawley et al. [7] have described situations in which 

identification of the larvae of aquatic Diptera on corpse has presented problems. Aquatic flesh water and marine fauna associated 

with submerged and floating corpses needs more emphasis in future studies [3,6,8-13]. Recent advances that allow the DNA 

probe identification of insects or their isolated body fragment, either fresh or dried might be applicable to discriminating among 

species of maggots where morphological distinctions are lacking [3,14].   

Sarcophagids adults and larvae are easily recognized at family and generic level, as all sarcophagids share common 

characteristics [15-18], but are morphologically remarkably similar subgenerically and inter-specically [17-19]. For some 

sarcophagid species it is only the adult males that can be identified with certainty by taxonomic experts [17,18]. Correctly 

identifying the insect specimen can be of crucial importance for a forensic entomological analysis [20]. Many young immature 

stages of several forensically relevant taxa are difficult to identify and would usually be reared to the adult stage for getting a safe 

identification [21]. Insect species have different developmental lifecycle timings and, therefore, to utilize the correct 

developmental information, species need to be accurately identified. This can be done based upon morphological differences [20]. 

However, under the far from ideal circumstances of a crime scene, the larval forms and eggs of many forensically important 

dipteran species are difficult to distinguish as their morphological differences may be obscured or badly preserved [22,23]. In 

most of the cases, the specimens found in and around the dead body are damaged and it’s very difficult to identify them on the 

morphological methods. Furthermore, identification which is done through morphological examination of important setae (hairs) 

found on the body often become impossible as many of these setae break off [24].  

Wallman (2001) studied the morphological characteristics of third instar larvae of common carrion-breeding Calliphora 

blow flies. He noted that the separation of the sister species within the Calliphora stygia and Calliphora augur groups 

morphologically remains difficult and molecular identification techniques would be useful in such circumstances. 

The use of sarcophagids as PMI estimators has been greatly hampered by their highly similar morphology and 

inadequate documentation of their thermobiological histories [25]. To implement the use of sarcophagids for PMI estimation, a 

method for easy yet accurate species level identification at any life stage is required, followed by thermobiological studies [26]. A 

review of literature relevant to the use of biochemical techniques and scanning electron micrography for insect identification will 

not be out of place here. 

MORPHOLOGY BASED IDENTIFICATION OF FLIES 

Allozymes 
 Allozymes are codominant protein markers that can be visualized by appropriate staining and agarose gel 

electrophoresis. They are important for determining genetic relationships among species through assessment of affiliations of rare 

taxa and predict relative endangerment among species [27]. 

 Allozyme markers represent genes that are expressed in the organism at the time of sampling, yielding different 

information about genetic variation within species than revealed by other molecular markers. Protein electrophoresis may not 

detect sufficient variation to answer some questions and the number of analyses that can be performed with very small insects 

may be limited because of inadequate amounts of proteins. Proteins are also less stable than DNA and thus may be more sensitive 
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to handling and storage problems [28,29]. Therefore, when estimates of total genetic variation are important, allozymes are best 

used in conjunction with other markers. 

Cuticular Hydrocarbons Techniques  
 The cuticle of all the insects is covered with a thin epicuticular layer of wax. This layer consists of free lipids, a class of 

compounds that includes hydrocarbons, alcohols, fatty acids, waxes, acylglycerides, phospholipids and glycolipids [30]. In 

establishing the PMI, a forensic entomologist will try to establish the age of the oldest colonizing species; for which various 

methods exist [31]. One of these methods could involve the identification of hydrocarbons present on the cuticle of the insects or 

even on their pupae and puparia as these contain hydrocarbons as well [32]. Byrne et al. [33] found it unsuitable for analysis of 

immature samples because before analysis they should be reared to adulthood which is not possible all the time. A long standing 

analytical problem in cuticular hydrocarbon analysis has been the development of efficient and accurate methods for locating 

double bonds in alkenes and or for determining their stereochemistry [13,34].  

Scanning Electron Microscopy (SEM)  
Sukontason et al. [35] recovered the third instar of an unidentified sarcophagid fly from a mummified body of 32 years 

old Thai male and examined it using SEM. Although the morphological features of this larva are similar to the other sarcophagid 

larvae, some features including number and arrangement of papillae on the anterior spiracle, structure of spines, and size of 

circumspiracular tubercles at caudal segment and branching peculiarity of the posterior spiracular hairs could be helpful for 

species identification.  

Greenberg and Singh [36] used SEM to identify calliphorid individuals, but found several confounding factors like 

conspecific interpopulation variability, high similarity between eggs of congeneric species and similarity between certain species 

of different genera. Singh et al. [37] also studied morphological features of larvae of the species Parasarcophaga ruficornis on 

the basis of SEM. Climate, season and weather were also cited as important factors influencing egg morphology. In cryptic 

species, morphological approach is difficult to handle [38]. 

MOLECULAR BASED IDENTIFICATION OF FLIES 

 

i. Nuclear DNA 
There are number of nuclear genes that have been used in insect systematics. Few of them are:  EF-1a [39-52], PEPCK [53-

56], DDC [57-60], wingless [61-65], white [66], opsin [67-72], hunchback [73], period [74] and others [52,75-77]. Nuclear genes 

have advantages of low level of biased base composition, slower rate of evolution than mtDNA and contain both regions having 

slower and rapid rates of substitution [53,76-78]. Nuclear genes have a more resolving power than mtDNA [44,56,65,66,71,78]. 

Because of low copy number than its mitochondrial counterparts and two or more paralogous loci that may cause problems in 

phylogenetic analysis [52]. 

ii. Nuclear Ribosomal DNA (rDNA) 

Nuclear rDNA is made up of a series of tandemly repeated units, each comprising of ribosomal RNA (rRNA) genes (18S, 

5.8S and 28S) separated by  segments of DNA referred to as ribosomal spacer DNA [79,80]. Hairpin loops coding region 

demonstrate a higher rate of mutation accumulation [81]. The alteration in rates of mutation accumulation across rDNA repeating 

units and single rRNA genes [82], make rDNA sequence data an able molecular marker for the separation of parasitic species and 

even strains [83,84]. This broad utility of rDNA is because the multiple copies per genome are usually tandemly repeated and the 

non-coding spacers evolve faster than the coding regions [82,85]. Concerted evolution of rDNA within species has resulted in the 

use of the faster evolving spacers, not only for the reconstruction of phylogenies, but as diagnostic markers for differentiating 

species, including proximal and cryptic species [86,87]. 

iii.  Mitochondrial DNA (mtDNA) 

Mitochondrial DNA and nuclear rDNA has been widely used in insect systematics [22]. Mitochondrial DNA contains 

regions with a range of different rates of evolution [88], making it suitable for both phylogenetic and population genetic studies, 

where genes with appropriate rates of evolution can be chosen for a particular temporal scale of analysis [89,90]. It has many 

advantages like, lack of recombination, high copy number, easy isolation, the presence of both conserved and variable regions, 

and higher rates of sequence change [53,91-95]. High rate of substitution in mtDNA (five and ten times) as compare to nuclear 

DNA [95], making it useful for estimating relationships between recently diverged species and in population genetics [96,97].  

 

REFERENCES 

[1] Prins, A.J. (1982) Morphological and biological notes on six South African blowflies (Diptera, Calliphoridae) and their 

immature stages. Ann. Afr. Muse., 90: 201-217. 

[2] Wallman, J. F. (2001) Third-instar larvae of common carrion-breeding blowflies of the genus Calliphora (Diptera: 

Calliphoridae) in South Australia. Invertebr. Taxon., 15: 37-51. 

[3]Catts, E.P. and Goff, M.L. (1992) Forensic entomology in criminal investigations. Annu. Rev. Entomol., 37: 253-272. 

[4]Erzinclioglu, Y.Z. (1985) Few flies on forensic scientists. New Scient., 1458: 15-17. 

[5]Liu, D. and Greenberg, B. (1989) Immatures stages of some flies of forensic importance. Ann. Entomol. Soc. Am., 82(1): 80-

93. 

[6]Haskell, N.H., McShaffrey, D.G., Hawley, D.A., Williams, R.E. and Pless, J.E. (1989) Use of aquatic insects in determining 

submersion interval. J. Forensic Sci., 34: 622-632.  

[7]Hawley, D.A., Kaskell, N.H., McShaffey, D.G., Williams, R.E. and Pless, J.E. (1989) Identification of red “fiber” chironomid 

larvae. J. Forensic Sci., 34: 617-621. 

http://www.ijsdr.org/


ISSN: 2455-2631                                                                                            © September 2016 IJSDR | Volume 1, Issue 9 

 

IJSDR1609040 International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org 270 

 

[8]Nuorteva, P., Schumann, H., Isokoski, M. and Laiho, K. (1974) Studies on the possibilities of using blowflies (Diptera, 

Calliphoridae) as medicolegal indicators in Finland. Four cases where species identification was performed from larvae. Ann. 

Entomol. Fenn., 40(2): 70-74. 

[9]Goff, M.L. and Odom, C.B. (1987) Forensic entomology in the Hawiian Island: three case studies. Am. J. Forensic Med. 

Pathol., 8: 45-50. 

[10]Vance, G.M., Vandyk, J.K. and Rowley, W.A. (1995) A Device for Sampling Aquatic Insects Associated with Carrion in 

Water. J. Forensic Sci., 40(3): 479-482. 

[11]Sorg, M.H., Dearborn, J.H., Monahan, E.I., Ryan, H.F., Sweeney, K.G. and David, E. (1997) Forensic taphonomy in marine 

contexts. In: Forensic taphonomy: the postmortem fate of human remains, Haglund, W.D. and Sorg, M.H. (Eds.) CRC, Boca 

Raton, Fla., pp. 567-604. 

[12]Davis, J.B. and Goff, M.L. (2000) Decomposition patterns in terrestrial and intertidal habitats on Oahu Island and Coconut 

Island Hawaii. J. Forensic Sci., 45: 836-842. 

[13]Amendt, J., Campobasso, C.P., Goff, M.L. and Grassberger, M. (2010) Current concepts in forensic entomology. Springer 

Dordrecht Heidelberg London, New York, pp. 376. 

[14]Johnson, D.W. and Cockburn, A.F. (1992) Insect identification using DNA probes. Arch. Biochem. Physiol., 82: 113-117. 

[15]Pape, T. (1996) Catalogue of the Sarcophagidae of the world (Insecta: Diptera). Mem. Entomol. Int., 8: 1-558. 

[16]Byrd, J.H. and Castner, J.L. (2001) Insects of forensic importance. In: Forensic entomology—the utility of arthropods in legal 

investigations. Byrd, J.H. and Castner, J.L. (Eds.), CRC Press, Boca Raton, pp. 43-80. 

[17]Guo, Y., Jifeng, C., Xinghua, W., Lingmei, L., Qinlai, L., Xiang, L., Tunfeng, C., Zhong, M., Xiang, W. and Jifang, W. 

(2010) Identification of forensically important sarcophagid flies (Diptera: Sarcophagidae) based on COI gene in China. Rom. J. 

Legal. Med., 18: 217-224.  

[18]Guo, Y.D., Cai, J.F., Li, X., Xiong, F., Su, R.N., Chen, F.L., Liu, Q.L., Wang, X.H., Chang, Y.F., Zhong, M., Wang, X. and 

Wen, J.F. (2010) Identification of the forensically important sarcophagid flies Boettcherisca peregrina, Parasarcophaga albiceps 

and Parasarcophaga dux (Diptera: Sarcophagidae) based on COII gene in China. Trop. Biomed., 27: 451-460. 

[19]Aspoas, B.R. (1991) Comparative micromorphology of third instar larvae and the breeding biology of some Afrotropical 

Sarcophaga (Diptera: Sarcophagidae). Med. Vet. Entomol., 5: 437-445. 

[20]Smith, K.G.V. (1986) A manual of forensic entomology, The British Museum (Natural History), London and Cornell 

University Press, pp. 204. 

[21]Harvey, M.L., Dadour, I.R. and Gaudieri, S. (2003) Mitochondrial DNA cytochrome oxidase I gene: potential for distinction 

between immature stages of some forensically important fly species (Diptera) in western Australia. Forensic Sci. Int., 131: 134-

139. 

[22]Otranto, D. and Stevens, J.R. (2002) Molecular approaches to the study of myiasis-causing larvae. Int. J. Parasitol., 32: 1345-

1360. 

[23]Ames, C., Turner, B. and Daniel, B. (2006) The use of mitochondrial cytochrome oxidase I gene (COI) to differentiate two 

UK blowfly species-Calliphora vicina and Calliphora vomitoria. Forensic Sci. Int., 164: 179-182. 

[24]Honda, J.Y. (2008) Use of the COI gene as a species indicator for forensically important flies: a forensic entomology 

laboratory exercise. Bioscene, 34(1): 20-22. 

[25]Wells, J.D., Introna, F., Di Vella, G., Campobasso, C.P., Hayes, J.  and Sperling, F.A.H. (2001a) Human and insect 

mitochondrial DNA analysis from maggots. J. Forensic Sci., 46(3): 685-687. 

[26]Meiklejohn, K.A., Wallman, J.F. and Dowton, M. (2011) DNA-based identification of forensically important Australian 

Sarcophagidae (Diptera). Int. J. Leg. Med., 125: 27-32. 

[27]Millar, C.I. and Westfall, R.D. (2010) Distribution and climatic relationship of the American Pika (Ochotona princeps) in the 

Sierra Nevada and western greta basin, USA; Periglacial landforms as refugia in warming climates. Arct. Alpine Res., 42(4): 493-

496. 

[28]Sperling, F.A.H., Anderson, G.S. and Hickey, D.A.  (1994) A DNA-based approach to the identification of insect species 

used for postmortem interval estimation. J. Forensic Sci., 39(2): 418-427. 

[29]El-Kady, E.M. (1999) Problems facing application of forensic entomology. Pak. J. Biol. Sci., 2(2): 280-289. 

 

[30]Gibbs, A.G. and Crockett, E.L. (1998) The biology of lipids: integrative and comparative perspectives. Am. Zool., 38: 265-

267. 

 

[31]Amendt, J., Krettek, R. and Zehner, R. (2004) Forensic entomology. Naturwissenschaften, 91: 51-65 

 

[32]Gilby, A.R. and McKellar, J.W. (1970) Composition of empty puparia of a blowfly. J. Insect Physiol., 16: 1517-1529. 

 

[33]Byrne, A.L., Camann, M.A., Cyr, T.L., Catts E.P. and Espelie, K.E. (1995) Forensic Implications of Biochemical Differences 

Among Geographic Populations of the Black Blow Fly, Phormia regina (Meigen). J. Forensic Sci., 40(3): 372-377. 

[34]Drijfhout, F.P. (2010) Cuticular hydrocarbons: a new tool in forensic entomology? In: Current concepts in forensic 

entomology, mendt, J., Campobasso, C.P., Goff, M.L. and Grassberger, M. (Eds.). Springer Dordrecht Heidelberg London, New 

York, pp. 376. 

[35]Sukontason, K.L., Sukontason, K., Lertthamnongtham, S., Kuntalue, B., Thijuk, N., Vogstberger, R.C. and Olson, J.K. (2003) 

Surface ultrastructure of Chrysomya rufifacies (Macquart) larvae (Diptera: Calliphoridae). J. Med. Entomol., 40(3): 259-267. 

[36]Greenberg, B. and Singh, D. (1995) Species identification of calliphorid (Diptera) eggs. J. Med. Entomol., 32(1): 21-26. 

http://www.ijsdr.org/


ISSN: 2455-2631                                                                                            © September 2016 IJSDR | Volume 1, Issue 9 

 

IJSDR1609040 International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org 271 

 

[37]Singh, D., Garg, R. and Wadhawan, B. (2012) Ultramorphological characteristics of immature stages of a forensically 

important fly Parasarcophaga ruficornis (Fabricius) (Diptera: Sarcophagidae). Parasitol.Res., 110(2): 821-831. 

[38]Hill, S. and Crampton, J. (1994) DNA-based methods for the identification of insect vectors. Ann. Trop. Med. Pathol., 88: 

227-250. 

[39]Cho, S., Mitchell, A., Regier, J.C., Mitter, C., Poole, R.W., Friedlander, T.P. and Zhao, S. (1995) A highly conserved nuclear 

gene for low level phylogenetics: elongation factor-1 alpha recovers morphology-based tree for heliothine moths. Mol. Biol. 

Evol., 12: 650-656. 

[40]Mitchell, P., Petfalski, E. and Tollervey, D. (1996) The 30 end of yeast 5.8S rRNA is generated by an exonuclease processing 

mechanism. Genes Dev., 10: 502-513. 

[41]Mitchell, P., Petfalski, E., Shevchenko, A., Mann, M. and Tollervey, D. (1997) The exosome: a conserved eukaryotic RNA 

processing complex containing multiple 3'>5' exoribonucleases. Cell, 91: 457-466. 

[42]Danforth, B.N. and Ji, S. (1998) Elongation factor-1a occurs as two copies in bees: implications for phylogenetic analysis of 

EF-1a sequences in insects. Mol. Biol. Evol., 15(3): 225-235. 

[43]Reed, R.D. and Sperling, F.A.H. (1999) Interactions of process partitions in phylogenetic analysis: an example from the 

swallowtail butterfly genus Papilio. Mol. Biol. Evol., 16: 286-297. 

[44]Clark, M.A., Moran, N.A., Baumann, P. and Wernegreen, J.J. (2000) Cospeciation between bacterial endosymbionts 

(Buchnera) and a recent radiation of aphids (Uroleucon) and pitfalls of testing for phylogenetic congruence. Evolution, 54: 517-

525. 

[45]Regier, J.C., Mitter, C., Peigler, R.S. and Friedlander, T.P. (2000) Phylogenetic relationships in Lasiocampidae (Lepidoptera): 

initial evidence from elongation factor-1alpha sequences. Insect Syst. Evol., 31: 179–186. 

[46]Caterino, M.S., Cho, S. and Sperling, F.A.H. (2000) The current state of insect molecular systematics: a thriving tower of 

Babel. Annu. Rev. Entomol., 45: 1-54. 

[47]Cognato, A.I. and Vogler, A.P. (2001) Exploring data interaction and nucleotide alignment in a multiple gene analysis of Ips 

(Coleoptera: Scolytinae). Syst. Biol., 50(6): 758-780. 

[48]Kjer, K.M., Blahnik, R.J. and Holzenthal, R.W. (2001) Phylogeny of Trichoptera (Caddisflies): characterization of signal and 

noise within multiple datasets. Syst. Biol., 50(6): 781-816. 

[49]Sipes, S.D. and Wolf, P.G. (2001) Phylogenetic relationships within Diadasia, a group of specialist bees. Mol. Phylogenet. 

Evol., 19: 144–156. 

[50]Buckley, T.R., Arensburger, P., Simon, C. and Chambers, G.K. (2002) Combined data, Bayesian phylogenetics, and the 

origin of the New Zealand cicada genera. Syst. Biol., 51(1): 4-18. 

[51]Danforth, B.N. (2002) Evolution of sociality in a primitively eusocial lineage of bees. Proc. Natl. Acad. Sci. USA, 99(1): 286-

290. 

[52]Lin, C.P. and Danforth, B.N. (2004) How do insect nuclear and mitochondrial gene substitution patterns differ? Insights from 

Bayesian analyses of combined data sets. Mol. Phylogenet. Evol, 30: 686-702. 

[53]Friedlander, T.P., Regier, J.C., Mitter, C. and Wagner, D.L. (1996) A nuclear gene for higher level phylogenetics: 

phosphoenolpyruvate carboxykinase tracks Mesozoic-age divergences within Lepidoptera (Insecta). Mol. Biol. Evol., 13: 594-

604. 

[54]Wiegmann, B.M., Mitter, C., Regier, J.C., Friedlander, T.P., Wagner, D.M. and Nielsen, E.S. (2000) Nuclear genes resolve 

Mesozoic-aged divergences in the insect order Lepidoptera. Mol. Phylogenet. Evol., 15: 242–259. 

[55]Sota, T. and Vogler, A.P. (2001) Incongruence of mitochondrial and nuclear gene trees in the carabid beetles Ohomopterus. 

Syst. Biol., 50: 39-59. 

[56]Leys, R., Cooper, S.J.B. and Schwarz, M.P. (2002) Molecular phylogeny and historical biogeography of the large carpenter 

bees, genus Xylocopa (Hymenoptera: Apidae). Biol. J. Linn. Soc., 77: 249-266. 

[57]Fang, Q.Q., Cho, S., Regier, J.C., Mitter, C., Mathews, M., Poole, R.W., Friedlander, T.P. and Zhao, S. (1997) A new nuclear 

gene for insect phylogenetics: DOPA decarboxylase is informative of relationships within Heliothinae (Lepidoptera: Noctuidae). 

Syst. Biol., 46: 269-283. 

[58]Friedlander, T.P., Horst, K.R., Regier, J.C., Mitter, C., Peigler, R.S. and Fang, Q.Q. (1998) Two nuclear genes yield 

concordant relationships within attacini (Lepidoptera: Saturniidae). Mol. Phylogenet. Evol., 9: 131–140. 

[59]Friedlander, T.P., Regier, J.C., Mitter, C., Wagner, D.L. and Fang, Q.Q. (2000) Evolution of heteroneuran Lepidoptera 

(Insecta) and the utility of dopa decarboxylase for Cretaceous-age phylogenetics. Zool. J. Linn. Soc., 130: 213-234. 

[60]Tatarenkov, A., Kwiatovski, J., Skarecky, D., Barrio, E. and Ayala, F.J. (1999) On the evolution of Dopa decarboxylase 

(DDC) and Drosophila systematics. J. Mol. Evol., 48: 445-462. 

[61]Brower, A.V.Z. and Egan, M.G. (1997) Cladistic analysis of Heliconius butterflies and relatives (Nymphalidae: Heliconiiti): a 

revised phylogenetic position for Eueides based on sequences from mtDNA and a nuclear gene. Proc. R. Soc. Lond. B., 264: 969–

977. 

[62]Brower, A.V.Z. and DeSalle, R. (1998) Patterns of mitochondrial versus nuclear DNA sequence divergence among 

nymphalid butterflies: the utility of wingless as a source of characters for phylogenetic inference. Insect Mol. Biol., 7: 73–82.  

[63]Brower, A.V.Z. (2000) Phylogenetic relationships among the Nymphalidae (Lepidoptera) inferred from partial sequences of 

the wingless gene. Proc. R. Soc. Lond. B., 267: 1201–1211. 

[64]Campbell, D.L., Brower, A.V.Z. and Pierce, N.E. (2000) Molecular evolution of the wingless gene and its implications for the 

phylogenetic placement of the butterfly family Riodinidae (Lepidoptera: Papilionoidea). Mol. Biol. Evol., 17: 684-696. 

[65]Morris, D.C., Schwarz, M.P., Crespi, B.J. and Cooper, S.J.B. (2001) Phylogenetics of gall-inducing thrips on Australian 

Acacia. Biologic. J. Linn. Soc, 74: 73-86. 

http://www.ijsdr.org/


ISSN: 2455-2631                                                                                            © September 2016 IJSDR | Volume 1, Issue 9 

 

IJSDR1609040 International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org 272 

 

[66]Baker, R.H., Wilkinson, G.S. and Desalle, R. (2001) Phylogenetic utility of different types of data used to infer evolutionary 

relationships among stalk-eyed flies (Diopsidae). Syst. Biol., 50: 87-105. 

[67]Mardulyn, P. and Cameron, S.A. (1999) The major opsin in bees (Insecta: Hymenoptera): a promising nuclear gene for higher 

level phylogenetics. Mol. Phylogenet. Evol., 12: 168-176. 

[68]Ascher, J.A., Danforth, B.N. and Ji, S. (2001) Phylogenetic utility of the major opsin in bees (Hymenoptera: Apoidea): a 

reassessment. Mol. Phylogenet. Evol., 19: 76-93. 

[69]Cameron, S.A. and Mardulyn, P. (2001) Multiple molecular data sets suggest independent origins of highly eusocial behavior 

in bees (Hymenoptera: Apinae). Syst. Biol., 50: 192-214. 

[70]Hsu, T., McRackan, D., Vincent, T.S. and Gert De Couet, H. (2001) Drosophila Pin1 prolyl isomerase Dodo is a MAP kinase 

signal responder during oogenesis.  Nat. Cell Biol., 3(6): 538-543. 

[71]Danforth, B.N., Conway, L. and Ji, S. (2003) Phylogeny of eusocial Lasioglossum reveals multiple losses of eusociality 

within a primitively eusocial clade of bees (Hymenoptera: Halictidae). Syst. Biol, 52: 23-36. 

[72]Kawakita, A., Sota, T., Ascher, J.S., Ito, M., Tanaka, H. and Kato, M. (2003) Evolution and phylogenetic utility of alignment 

gaps within intron sequences of three nuclear genes in (Bombus). Mol. Biol. Evol., 20(1): 87–92. 

[73]Baker, R.H., DeSalle, R. (1997) Multiple sources of character information and the phylogeny of Hawaiian drosophilids. Syst. 

Biol., 46, 654–673. 

[74]Regier, J.C., Fang, Q.Q., Mitter, C., Peigler, R.S., Friedlander, T.P. and Solis, M.A. (1998) Evolution and phylogenetic utility 

of the period gene in Lepidoptera. Mol. Biol. Evol., 15: 1172–1182. 

[75]DeSalle, R. (1994) Implications of ancient DNA for phylogenetic studies. Experientia, 50: 543-550. 

[76]Brower, A.V.Z. and DeSalle, R. (1994) Practical and theoretical considerations for choice of a DNA sequence region in insect 

molecular systematics, with a short review of published studies using nuclear gene regions. Ann. Entomologic. Soc. Am., 87: 702-

716. 

[77]Caterino, M.S., Cho, S. and Sperling, F.A.H. (2000) The current state of insect molecular systematics: a thriving tower of 

Babel. Annu. Rev. Entomol., 45: 1-54. 

[78]Friedlander, T.P., Regier, J.C. and Mitter, C. (1992) Nuclear gene sequences for higher level phylogenetic analysis: 14 

promising candidates. Syst. Biol, 41: 483-490. 

[79]Friedlander, T.P., Regier, J.C. and Mitter, C. (1994) Phylogenetic information content of five nuclear gene sequences in 

animals: Initial assessment of character sets from concordance and divergence studies. Syst. Biol, 43: 511-525. 

[80]Fox, G. E. and Woese, C. R. (1975) The architecture of 5S rRNA and its relation to function. J. Mol. Evol., 6: 61-76. 

[81]Gutell, R.R., Larsen, N. and Woese, C.R. (1994) Lessons from an evolving rRNA: 16S and 23S rRNA structures from a 

comparative perspective. Micobiol. Rev., 58: 10-26. 

[82]Smit, S., Widmann, J. and Knight, R. (2007) Evolutionary rates vary among rRNA structural elements. Nucleic Acids Res., 

35(10): 3339-3354.  

[83]Hillis, D.M. and Dixon, M.T. (1991) Ribsomal DNA: molecular evolution and phylogenetic inference. Quart. Rev. Biol., 66: 

411-453. 

[84]Arnheim, N. (1983) Concerted evolution of multigene families. Evolution of Genes and Proteins. Nei, M. and Koehn, R.K. 

(Eds), Sinauer Associates, Sunderland, MA, pp. 38-61. 

[85]Gasser, R. B. (1999) PCR-based technology in veterinary parasitology. Vet. Parasitol., 84: 229-258. 

[86]Marcilla, A., Bargues, M.D., Abad-Franch, F., Panzera, F., Carcavallo, R.U., Noireau, F., Galvao, C., Juberg, J., Miles, M.A., 

Dujardin, J.P. and Mas-Coma, S. (2002) Nuclear rDNA ITS-2 sequences reveal polyphyly of Panstrongylus species (Hemiptera: 

Reduviidae: Triatominae), vectors of Trypanosoma cruzi. Inf. Genet. Evol., 1: 225-235. 

[87]Bargues, M.D., Vigo, M., Horak, P., Dvorak, J., Patzner, R.A., Pointier, J.P., Jackiewicz, M., Meier-Brook, C. and Mas-

Coma, S. (2001) European Lymnaeidae (Mollusca: Gastropoda), intermediate hosts of trematodiases, based on nuclear ribosomal 

DNA ITS-2 sequences. Infect. Genet. Evol., 16: 1-23. 

[88]Otranto, D. and Stevens, J.R. (2002) Molecular approaches to the study of myiasis-causing larvae. Int. J. Parasitol., 32: 1345-

1360. 

[89]Simon, C., Frati, F., Beckenbach, A., Crespi, B., Liu, H. and Flook, P. (1994) Evolution, weighting, and phylogenetic utility 

of mitochondrial gene sequences and a compilation of conserved polymerase chain reaction primers. Ann. Entomol. Soc. Am., 87: 

651-701. 

[90]Kocher, T.D., Thomas, W.K., Meyer, A., Edwards, S.V., Paabo, S., Villablanca, F.X. and Wilson, A.C. (1989) Dynamics of 

mitochondrial DNA evolution in animals: Amplification and sequencing with conserved primers. Proc. Natl. Acad. Sci. USA, 86: 

6196-6200. 

[91]Avise, J.C. (1994)  Molecular Markers: Natural History and Evolution. Chapman and Hall, New York, pp. 511. 

[92]Avise, J.C., Giblin-Davidson, C., Laerm, J., Patton, J.C. and Lansman, R.A. (1979) Mitochondrial DNA clones and 

matriarchal phylogeny within and among geographic populations of the pocket gopher Geomys pinetis. Proc. Natl. Acad. Sci. 

USA, 76: 6694-6698. 

[93]Lunt, D.H., Zhang, D.X., Szymura, J.M. and Hewitt, G.M. (1996) The insect cytochrome oxidase I gene: evolutionary 

patterns and conserved primers for phylogenetic studies. Insect Mol. Biol, 5(3): 153-165. 

[94]Monteiro, A. and Pierce, N. E. (2001) Phylogeny of Bicyclus (Lepidoptera: Nymphalidae) inferred from COI, COII, and EF-1 

alpha gene sequences. Mol. Phylogenet. Evol., 18(2): 264-281. 

[95]Funk, D.J. and Omland, K.E. (2003) Species-level paraphyly and polyphyly: frequency, causes, and consequences, with 

insights from animal mitochondrial DNA. Annu. Rev. Ecol. Evol. Syst., 34: 397-423. 

[96]Dowton, M. (2004) Assessing the relative rate of (mitochondrial) genomic change. Genetics, 167(2): 1027-1030. 

http://www.ijsdr.org/
http://dx.doi.org/10.1038/35078508


ISSN: 2455-2631                                                                                            © September 2016 IJSDR | Volume 1, Issue 9 

 

IJSDR1609040 International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org 273 

 

[97]Brown, W.M., George, M. and Wilson, A.C. (1979) Rapid evolution of animal mitochondrial DNA. Proc. Natl. Acad. Sci. 

USA, 76(4): 1967-1971. 

[99]Stevens, J. and Wall, R. (1997) The evolution of ectoparasitism in the genus Lucilia (Diptera : Calliphoridae). Int. J. 

Parasitol., 27(1): 51-59. 

[99]Shao, R. and Barker, S.C. (2006) Mitochondrial genomes of parasitic arthropods: implications for studies of population 

genetics and evolution. Parasitol., 11: 1-15. 

 

 

http://www.ijsdr.org/

