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Rapid molecular identification of necrophagous Diptera by means of 

variable-length intron sequences in the wingless gene 

 

ABSTRACT 

The arrival of arthropods at a corpse exhibits specific temporal patterns, and Diptera play a key role in 

the initial stages of the decomposition process. Thus, the correct species assignment of the insect larvae 

found on a decomposing body is an important step in forensic investigations. Here, we describe a 

molecular procedure to define the species at larval age found on a corpse more quickly and easily than 

current systems. Our method involves a unique PCR amplification of a DNA segment within the 

evolutionarily conserved wingless gene, involved in embryo development. The amplified DNA segment 

contains the fourth intron of wingless, which we found to be variable in length, from about 800 to 3000 

bp, among species of necrophagous Diptera. The identification of the amplified segment size in species 

from Lucilia, Calliphora and Sarcophaga genera, allowed us to determine the species at larval age 

collected in the early stages of a decomposing body, with a simple PCR amplification and subsequent 

electrophoresis. This procedure may help in forensic investigations to estimate the minimum Post 

Mortem Interval (PMI-min) of a body colonized by these larvae, avoiding the use of time-consuming 

and/or more expensive procedures. 

 

Keywords: wingless gene; Calliphoridae; Sarcophagidae; PCR; Post-mortem interval; 
forensic investigations; DNA barcoding; Cytochrome oxidase I. 
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Introduction 

In the last thirty years, there have been many developments in forensic entomological studies that 

involve insects and other arthropods [1]. Sophisticated and new molecular techniques allow the 

identification of insects found at crime scenes, including those of homicides, suicides or suspicious 

deaths. The necrophagous species collected on a cadaver are very useful in studies concerning the post-

mortem interval (PMI) of a corpse [2-4]. Indeed, the identification of the insect species found on a 

cadaver and the evaluation of their age help entomologists estimate the minimum post-mortem interval 

(PMI-min) [5, 6]. The PMI-min estimation is related to the chronological pattern of insect succession on 

the corpse. It is mainly based on the assumption that the first oviposition of the first fly on the corpse 

occurs at a time very close to the time of death [7, 8]. 

Many forensically important species belong to the orders Diptera and Coleoptera. The Diptera are 

usually the first colonizers of carcasses [9], with, for example, calliphorids arriving only a short time 

after death for oviposition on the cadaver. They lay eggs whose hatching results in the appearance of 

extremely voracious larvae that feed on the tissues of the body. The blowflies, in fact, are attracted by 

smell to the molecules released during decomposition [10]. They deposit eggs in the corpse's natural 

orifices or wounds [11, 12] and, as mentioned above, the developing larvae are good indicators to 

estimate the PMI-min [13, 14]. Morphological methods are generally used for accurate identification of 

the species at larval age, but they require proper developmental information and specialized taxonomic 

knowledge [15]. Additionally, depending upon conditions at the scene, Diptera from different families 

(such as Muscidae, Sarcophagidae, Phoridae) may be primary colonizers [16]. 

Indeed, for some groups of flies, species determination at the larval age using morphological criteria is 

still problematic, and the time needed for the reared larvae to complete their life cycle can delay the 

criminal investigation or cause problems when rearing fails. In this context, species or larval age 

identification based on molecular methods represents an important opportunity to improve the efficiency 

of investigations [17-20]. For this purpose, new molecular DNA-based methods exploiting interspecific 

sequence divergence have been developed since 1994 [21, 22]. More recently, the DNA barcoding 

method has become an increasingly useful tool for species identification. A partial sequence of the 

mitochondrial Cytochrome c Oxidase I (COI) gene is currently being used to differentiate between 

animal taxa, including vertebrates and invertebrates [23-28], and is referred to as a “barcode sequence” 

[29]. However, although DNA barcode sequencing is a better method for species authentication, the 

development of new molecular methods that are less costly in terms of time (i.e., no need for sequencing 

and subsequent analysis), instrumentation and expertise, is desirable to improve the use of genetic tools 

for several applications. 

Therefore, the aim of the present work is to define a simple and rapid molecular method to identify species 

of necrophagous Diptera belonging to Calliphoridae and Sarcophagidae, commonly found on a 

decomposing body, ideally in less than one day and not requiring highly specialised technicians. This was 
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achieved using the fourth intron of the wingless gene as a DNA molecular marker. The wingless gene 

controls segment polarity in larval development [30] and is a homologue of the Drosophila Wnt1 gene 

[31,32], with highly conserved coding sequences among Diptera species. This allowed us to design the 

same oligonucleotide primer sequences to amplify the genomic DNA of the necrophagous Diptera species 

studied here. We believe this very simple method will be useful to quickly identify the species at larval age 

of specimens collected on a corpse to help investigators in the estimation of the PMI-min. 
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Materials and methods 

Fly sampling and larva rearing 

Adult and larval specimens of Calliphoridae and Sarcophagidae were collected, using polyethylene 

(PET) modified water bottle traps, with fresh bovine liver as bait. Specimens were collected from two 

areas in Sicily, one in a garden in the city centre of Catania, and the other in a rural area near 

Caltanissetta. 

The captured adult flies were directly analysed, while eggs or larvae were reared as previously described 

[33, 34] with some modifications. Briefly, liver containing the collected eggs and larvae was placed in a 

rearing chamber (size cm 23x15x8) positioned in a room with controlled temperature (25±1 °C), based 

on the mean summer temperature in the abovementioned cities, and with a natural light/dark cycle. 

Larvae were maintained with fresh bovine liver ad libitum upon which they achieved the post-feeding 

third instar feeding stage, and sand was used as a substrate for pupation. Pupae of each larval cohort were 

transferred to clean culture chambers (size cm 30x30x30) in the same environmental conditions indicated 

above. Adult and larval flies were collected from chambers, euthanized with a jar containing acetone, and 

immediately used or frozen at -20°C. 

Morphological identification was made following the taxonomic keys of Krzysztof Szpila 

(www.eafe.org/Members_area_files/Szpila_key_blowflies_imago.pdf); both female and male flies were 

used for DNA analysis. The morphological identification of fly species was supported by molecular 

identification, via COI DNA barcoding (see below), to validate the species assignment obtained with the 

morphological method and with the wingless gene (see below). 

 

Genomic DNA extraction 

Genomic DNA was extracted from fresh or frozen samples using several procedures, generally from no 

more than half of each specimen (adult and larval blowflies). Samples placed in 70% ethanol were also 

tested to consider other methods of specimen preservation used by entomologists. We obtained DNA for 

PCR amplification using Tri-Reagent® solution (Sigma-Aldrich, St. Louis, USA), DNeasy Blood & Tissue 

Kit (Qiagen, Milan, Italy), and the automatic system MagCore® genomic DNA Tissue Kit (diatech 

Pharmacogenetics). In all cases, DNA extraction was performed according to the manufacturer's 

instructions. DNA samples (2-10 µg for each extraction) were stored at -20°C until their use for PCR 

amplification. 

 

COI DNA barcoding 

Cytochrome oxidase I sequences were obtained using the universal primers HCO2189 and LCO1490 

(Tab. 1) [35] and following a previously described methodology [27]. Sequences were carefully checked 

and deposited in GenBank (http://www.ncbi.nlm.nih.gov/genbank/). The chromatograms obtained were 

edited using BioEdit (http://www.mbio.ncsu.edu/bioedit/bioedit.html) to generate a consensus sequence 

for each specimen. The DNA sequences were aligned using the ClustalX [36] tool in the MEGA v5.0 
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software [37]. Ambiguous extremities of the sequences were trimmed after alignment and the obtained 

sequences were compared with other fly mitochondrial genomes using BLAST (http:// 

www.blast.ncbi.nlm.nih.gov/Blast.cgi) to confirm the identity of the obtained fragments (the 5’ COI 

region). A Neighbour-Joining (NJ) dendrogram of K2P distance was generated to provide a graphical 

representation of the clustering pattern across different congeneric species. 

 

Wingless gene intron PCR amplification, electrophoresis, and sequencing 

Specific primers located in the fourth and fifth exons of the wingless gene were designed to amplify the 

DNA segment containing the entire fourth intron (Tab. 1). We performed PCR amplifications using 

Invitrogen™ Platinum™ Taq DNA Polymerase (Invitrogen™ Cat. n. 10966018) supplied with 10x PCR 

buffer and 50mM MgCl2 and following the instructions of the manufacturer. More precisely, each PCR 

reaction mixture was composed as follows (final concentrations): 2 U Taq enzyme, 1x PCR buffer, 1.5 

mM MgCl2, 0.2 mM dNTP mix, 0.2 µM forward primer, 0.2 µM reverse primer, 20-100 ng template 

DNA, and up to 20 µl nuclease-free DEPC water. DNA amplification was performed using a Veriti® 

Thermal Cycler (Applied Biosystems) with the following conditions: 95°C for 5 min, followed by 35 

cycles of 94°C for 45 sec, 58°C for 45 sec, 72°C for 2.5 min, and ending with 72°C for 7 min. The PCR 

amplifications were also performed using different types of Taq DNA polymerase, and purchased from 

different companies, without alteration of the results. Moreover, other methods of specimen preparation 

and conservation do not alter the quality of PCR amplification results. 

The amplified DNA was electrophoresed on agarose gels to separate fragments by size, visualized with 

SYBR® Safe (Life Technologies) and displayed through “Safe ImagerTM 2.0 Blue Light 

Transilluminator” (Life Technologies). Sequencing of the PCR amplified DNA segments, to obtain the 

intron sequences, was performed by Sanger method using the BigDye® Terminator v3.1 Cycle 

Sequencing Kit and the 3730xl ABI PRISM sequencer. PCR products were sequenced on both strands. 

The obtained intron sequences were deposited in GenBank (http://www.ncbi.nlm.nih.gov/genbank/). 
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Results 

 

Morphological identification of adults and larvae 

The morphological identification of adults and larvae allowed the identification of two Calliphoridae 

species, Calliphora vicina (Meigen, 1826) and Lucilia sericata (Robineau-Desvoidy, 1830). The 

morphological method was inadequate for the identification of Sarcophaga species at the adult age, as is 

widely known among taxonomists for this genus [38-40]. 

 

Wingless gene intron amplification 

The genomic sequence of the wingless gene closest to the necrophagous Diptera species is only available 

from D. melanogaster (Wnt gene), which was used here to initially test the procedure. We tested for the 

absence of variability in the intron-4 of the Wnt gene in D. melanogaster (GenBank acc. n. NT_033779), 

where this intron has a size of 151 bp. PCR amplification of genomic DNA with a pair of primers located 

in exon-4 and exon-5 (Tab. 1) gave the same size (579 bp) in 50 specimens (data not shown). 

The primers used to amplify the genomic DNA of Sarcophagidae and Calliphoridae were located in 

conserved regions of the wingless gene, and had been designed through comparison of transcribed 

sequences corresponding to exon-4 and exon-5 in the three species L. sericata (GenBank acc. n. 

AY926575), C. vicina (partial sequence, GenBank acc. n. DQ168580), and S. peregrina (GenBank acc. 

n. D85687) (Fig. 1). It should be stressed that S. peregrina (the unique Sarcophaga species with the 

wingless gene sequence available in public databases) was not previously described in Sicily [41], and 

this absence was also confirmed in our present work (see next paragraphs). 

The forward primer wg5F is located near the 5’ end of exon-4, at a distance of 386 bp in S. peregrina, 

389 bp in C. vicina, and 395 bp in L. sericata from the 3’ end of exon-4 (Fig. 2A). Differences were due 

to the deletion of nine nucleotides (corresponding to three amino acids) in S. peregrina and six 

nucleotides (corresponding to two amino acids) in C. vicina with respect to L. sericata (see Fig. 1).  The 

reverse primer wg8R was located at the end of the coding sequence (comprising the TAA stop codon) 

and at a distance of 307 bp from the 5’ end of exon-5 in the three species with the known coding 

sequence. 

The PCR amplifications of genomic DNA with the above primers were tested on 25 specimens from L. 

sericata, 25 from C. vicina, and 35 from Sarcophaga spp, including adults and larvae, present in Sicily 

(Italy), even though, in working with genomic DNA, we did not expect differences in the results of all 

the life stages of flies. The results indicated a clear difference among species in the size of the amplified 

DNA segments. Indeed, L. sericata, C. vicina, and Sarcophaga species yielded a segment size of about 

800 bp, about 1100 bp and about 1200 bp or higher, respectively, as estimated by standard gel 

electrophoresis (Fig. 2B). In the case of Sarcophaga spp., we detected a number of different patterns, 

with PCR amplimer size ranging from about 1200 bp to about 3000 bp (Fig. 2C). More precisely, we 

highlighted eight different patterns, four endowed by a single size of the amplified DNA and four by two 
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different amplimers. In the former cases, the bands were about: 1300 bp (14% of the specimens), 1700 bp 

(7% of the specimens), 1800 bp (9% of the specimens) and 1900 bp (7% of the specimens). In the other 

cases, one pattern corresponded to two DNA segments of about 1200 and 1400 bp (9% of the specimens) 

and the other three patterns showed an amplified segment always of about 3000 bp and the second of 

about 2200 bp, 2300 bp and 2400 bp (3%, 9%, and 42% of the specimens, respectively) (Fig. 2C). The 

variability among sarcophaga specimens is in agreement with the different species identified by using 

DNA barcoding and each electrophoretic pattern was assigned to a defined species (see below). It should 

be noted that with S. africa, additional bands were sometimes visible on the electrophoresis gel. This was 

generally related to DNA prepared from entire individuals or from more than half. 

The above results, taking into account the size of exon-4 and exon-5 (693 bp, 696 bp, and 702 bp in S. 

peregrina, C. vicina and L. sericata, respectively), highlighted an intron-4 size of about 100 bp in L. 

sericata, and about 400 bp in C. vicina. In the case of Sarcophaga species, all of the analysed samples 

had an intron-4 size greater than 500 bp. Thus, the amplification of the wingless gene in Sarcophaga spp. 

indicated that the size of the amplified DNA segment containing intron-4 clearly discriminates 

Sarcophaga spp from C. vicina and L. sericata by an amplified DNA segment larger or smaller than 1200 

bp (Fig. 2). 

 

Molecular species assignment via DNA barcoding 

A number of specimens analysed were also classified using the barcoding method; specifically, 15 

samples of morphologically identified fly species, C. vicina (8 samples) and L. sericata (7 samples), and 

10 samples of Sarcophaga spp. In the latter case, we analysed specimens taking into account the eight 

identified patterns (see above and Fig. 2) and the relative proportion. 

Unambiguously aligned sequences were obtained for 656 bp of COI sequence from the above 25 

samples. This segment corresponded to that proposed by Hebert et al. [29] as a barcode region for 

species identification. The comparison of sequences with the online NCBI databank using the Basic 

Local Alignment Search Tool (BLAST) option confirmed that primers specifically amplified the targeted 

fly species. No insertions, deletions or stop codons were observed in any of the sequences. The lack of 

stop codons is consistent with all amplified sequences being functional mitochondrial COI sequences. 

Eight fly species were identified and validated belonging to three genera: Calliphora, Lucilia and 

Sarcophaga (Tab. 2). 

Our results confirmed the species assignment by the morphological method of the samples belonging to 

C. vicina (8 specimens) and L. sericata (7 specimens). Within the 10 samples of Sarcophaga spp., which 

were not recognizable morphologically, six species were identified: S. siciliana Enderlein, 1928, S. 

melanura Meigen, 1826, S. argyrostoma (Robineau-Desvoidy, 1830), S. jacobsoni (Rohdendorf, 1937), 

S. tibialis Macquat, 1851 and S. africa Wiedemann, 1824 (Tab. 2 and Fig. 3). In the case of Sarcophaga 

spp., we assigned the single band patterns to S. melanura (segment of about 1300 bp), S. jacobsoni 
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(segment of about 1700 bp), S. argyrostoma (segment of about 1800 bp), and S. tibialis (segment of 

about 1900 bp). The double band patterns were assigned to S. siciliana (DNA segments of about 

1200/1400 bp) and to S. africa (all the other double band patterns with one of the two amplimers of 3000 

bp). 

 

Sequencing of the intron-4 of the wingless gene 

To better define the features of the wingless intron-4, we sequenced the amplified DNA segments of L. 

sericata, C. vicina, and S. melanura. The results showed that intron-4 is 110 bp long in L. sericata, 382 

bp in C. vicina, and 620 bp in S. melanura (Fig. 4), thus determining an amplified DNA segment by PCR 

(with the primers described in Tab. 1) of 812 bp, 1078 bp and 1313 bp in L. sericata, C. vicina, and S. 

melanura, respectively, in agreement with the results obtained by gel electrophoresis (Fig. 2B). It should 

be stressed that the intron-4 sequences showed a very high level of A+T nucleotides, being 78%, 80%, 

and 74% in L. sericata, C. vicina, and S. melanura, respectively. 
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Discussion 

The aim of the present work was to identify a genomic segment with a constant intraspecific size but a 

different size among species. Moreover, this segment should be short enough to amplify by a standard 

PCR and useful for a simple and rapid identification of necrophagous Diptera. For this purpose, we 

looked for a segment of genomic DNA sufficiently conserved to allow the use of the same PCR primers 

for all necrophagous Diptera, but endowed with an interspecific variability in size evaluable by simple 

electrophoresis. 

Considering that genomic sequences of necrophagous Diptera genes are not always available, we first 

analysed many gene sequences of D. melanogaster, the evolutionarily closest species to that of interest. 

The research was focused on developmental genes, endowed with high levels of sequence homology in 

Diptera. The Wnt gene (and the homologous wingless gene in necrophagous Diptera) had the desirable 

features: it is well conserved in the protein and the corresponding transcribed DNA sequence (data not 

shown), and it has a suitable intron/exon organization (data from the UCSC Genome Browser; 

http://genome.ucsc.edu). Indeed, the Wnt gene is composed of four introns, the last of which is short 

enough (131 bp) to amplify with a standard PCR. We demonstrated the absence of variability in D. 

melanogaster. The amplification by PCR of a DNA segment containing the entire intron-4 always 

yielded, in all the specimens analysed, an amplified DNA segment with no variability in size, as visible 

by a single-sized band obtained after electrophoresis (data not shown). 

PCR amplification of genomic DNA from each of the analysed specimens, including males, females, 

adults and larvae, demonstrated that the amplified DNA segment is variable between samples from the 

different necrophagous species. This difference, related to the different size of intron-4, is easily 

detectable by a simple electrophoresis. The time necessary to perform the entire procedure of species 

identification (DNA extraction, PCR amplification, electrophoresis) was no more than half a day, making 

the method very quick with respect to other methods. The use of introns, and of the surrounding 

sequences, for forensic purposes was previously been described to identify Calliphoridae species with the 

developmental gene bicoid [22]. However, this method does not eliminate the need for DNA sequencing 

and its consequent analysis, as is necessary for barcoding. Thus, we think our method should be more 

viable, at least in terms of time requirements. Regardless, further work will be necessary to validate the 

method with specimens from different geographic areas or belonging to different species than those 

analysed here. 

Our results demonstrate that the procedure is valid and applicable for fly species discrimination of 

specimens collected, for example, at a crime scene. Interestingly, the size of the amplified DNA segment 

containing intron-4 allowed the discrimination of some species of Sarcophaga, partially overcoming 

challenges in the morphological identification of the species of this genus without the need for DNA 

barcode sequencing. In the case of S. africa, the additional electrophoretic band observed in some 

amplified DNA has an unclear origin, as this is a divergence from the classical biallelic conditions of the 
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specimens. This requires further investigation, even if we assume contamination with other biological 

material, for example present in the gut, as previously shown for human DNA recovered in the C. vicina 

gut [42]. In addition, we can also assume unspecific DNA amplification in this species. 

However, our encouraging results remain susceptible to challenges inherent to the taxonomy of the genus 

Sarcophaga. The main taxonomic issues affecting this genus, which includes about 2500 species, have 

been recently noted by Jordaens et al. [39] (e.g., high morphological similarity of many species, 

difficulty in identifying females, lack of species-specific diagnostic characters for the identification of 

immature stages, lack of knowledge on the breeding and feeding ecology of many species of potential 

forensic interest). Therefore, even if the mitochondrial COI gene was demonstrated to be a useful 

molecular diagnostic tool for Sarcophaga species identification, the use of COI DNA barcodes for 

discrimination of some species is limited by the low interspecific sequence divergence (< 2%) [39]. For 

these reasons, new molecular markers, such as the intron of the wingless gene, could improve the 

analysis of necrophagous Diptera in forensic investigations. In this regard, we can prepare a DNA marker 

for electrophoretic gel, specific for the genera we analysed here, which could be considered a simple tool 

to assign necrophagous larvae to Sarcophagidae or Calliphoridae (Fig. 5). However, it should be stressed 

that the present method is not intended to substitute for more precise methods of species identification 

(such as barcoding or phenotype analysis), but is a simple system to help investigators at the scene of a 

crime, to quickly identify some necrophagous Diptera species. Finally, we suggest that this method can 

serve as a widely applicable tool for molecular analysis of flies, for example, to reveal possible 

hybridizing taxa of blow flies. 
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Conclusions 

Morphological methods for identifying species of necrophagous Diptera at the larval age are time-

consuming, given that the entire embryonic cycle must usually be allowed to proceed to obtain adults to 

identify. In addition, these methods are not decisive in the case of Sarcophaga spp. Current molecular 

methods, such as DNA barcoding, require time, money and sophisticated instrumentation since, after the 

amplification of the COI mitochondrial subunit, DNA sequencing and analysis must be carried out. In 

this work, we demonstrate an alternative simple and rapid molecular method to identify the species of the 

fly larvae found at a crime scene. This involves the PCR amplification of a DNA segment containing part 

of exon-4 and exon-5 of the wingless gene and the intron between them. Each specimen can be identified 

on the basis of the amplified segment size. This method can be carried out by technicians without 

specific entomological skills, and requires minimal and basic materials and instruments. No more than 

one day is needed to obtain results, and the possibility of full automation exists, even with miniaturized 

instruments in a portable device. An extension of this work will be the identification of genes 

differentially expressed during embryo development to identify the larval age of the found specimens. 

Thus, in the future, it will be possible to develop an integrated system of molecular analysis to obtain 

very accurate information on the cadaveric entomological fauna, suitable for estimating the minimum 

PMI. 
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Rapid molecular identification of necrophagous Diptera by means of 

variable-length intron sequences in the wingless gene 
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Table 1. PCR primers used in the present study 

Gene Species Name  Nucleotide sequence (5’-3’) 

Wint D. melanogaster 

wt5DmeFw AGGAGCGTATGCTGAACGAC 

wt8DmeRv ACCTTTTTGGTCCGACACAG 

Wingless 

L. sericata 

C. vicina 

Sarcophaga spp. 

wg5F ATGCGTCAAGAATGTAAATG 

wg8R TTACAGACACGTGTGTAT 

Cytochrome 

oxidase I 

L. sericata 

C. vicina 

Sarcophaga spp. 

HCO2189* TAAACTTCAGGGTGACCAAAAAATCA 

LCO1490* GGTCAACAAATCATAAAGATATTGG 

*From: Folmer et al. [35]. 
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Table 2. Fly samples analyzed in this study via DNA barcoding 

Sample 
code(a) 

DNA barcoding 
indentification 

GenBank 
Accession N. 

X1 Calliphora vicina MG434747 
X2 Calliphora vicina MG434748 
X3 Calliphora vicina MG434749 
X4 Calliphora vicina MG434750 
X5 Calliphora vicina MG434751 
X6 Calliphora vicina MG434752 
X7 Calliphora vicina MG434753 
X8 Calliphora vicina MG434754 
   X9 Lucilia sericata MG434755 
X10 Lucilia sericata MG434756 
X11 Lucilia sericata MG434757 
X12 Lucilia sericata MG434758 
X13 Lucilia sericata MG434759 
X14 Lucilia sericata MG434760 
X15 Lucilia sericata MG434761 
   X16 Sarcophaga africa MG434762 
X17 Sarcophaga africa MG434763 
X18 Sarcophaga africa MG434764 
X19 Sarcophaga africa MG434765 
X20 Sarcophaga argyrostoma MG434766 
X21 Sarcophaga africa MG434767 
X22 Sarcophaga tibialis MG434768 
X23 Sarcophaga melanura MG434769 
X24 Sarcophaga jacobsoni MG434770 
X25 Sarcophaga siciliana MG434771 
   26 Calliphora livida   KT119017 
27 Calliphora vicina    KF918984 
28 Calliphora vomitoria    KU496696 
29 Lucilia eximia KX283469 
30 Lucilia pulverulenta KX283463 
31 Lucilia purpurescens KX283444 
32 Lucilia sericata JQ246679 
33 Sarcophaga africa JQ582014 
34 Sarcophaga argyrostoma JQ582123 
35 Sarcophaga subvicina KR755286 
36 Sarcophaga carnaria JQ413452 
37 Sarcophaga lehmanni JQ582117 
38 Sarcophaga tibialis JQ582099 
39 Sarcophaga melanura JX861419 
40 Sarcophaga jacobsoni JQ582057 
41 Sarcophaga siciliana JQ582044 

(a) X1-X25: unknown samples from this study. 26-41; reference sequences. 
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Fig. 1. Partial sequence alignment of the wingless gene. DNA sequences of exon-4 and exon-5 of the 

wingless gene were from GenBank acc. n. AY926575 for Lse (Lucilia sericata), n. DQ168580 (partial 

sequence) for Cvi (Calliphora vicina), and n. D85687 for Spe (Sarcophaga peregrina). The underlined 

sequences indicate the position of the primers used to amplify the corresponding exon-4 and exon-5 

sequences plus the intermediate intron. 
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Fig. 2. PCR amplification of the fourth intron in necrophagous Diptera. A) Schematic representation 

of the wingless gene region amplified by PCR using the primers wg5F and wg8R (Tab. 1). The size of 

the amplified segments (bottom part of the panel A) were evaluated taking into consideration the exact 

size of the introns shown in Fig. 4). B) Size of the amplified DNA segments evaluated by gel 

electrophoresis with 0.8% agarose. bp: base pair; M: MW marker: Cvi: Calliphora vicina; Sme: 

Sarcophaga melanura; Lse: Lucilia sericata. C) Size of the amplified DNA segments in different species 

from the Genus Sarcophaga. Ssi: S. siciliana; Sme: S. melanura; Sar: S. argyrostoma; Sja: S. jacobsoni; 

Sti: S. tibialis; Saf: S. africa. 
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Fig. 3. COI Neighbor-Joining tree. Unknown (X) and reference (species indicated) 

fly samples were analysed by means of barcode sequences. The numbers above the 

nodes represent bootstrap analysis after 1000 replicates. 
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Fig. 4. DNA sequence of the fourth intron in L. sericata, C. vicina and S. melanura. The bold 

nucleotides indicate the canonical GT/AG start/end of the exons. GenBank accession numbers are: 

MG310188 (L. sericata),MG310189 (C. vicina), and MG310190 (S. melanura). 
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Fig. 5. DNA marker for forensic investigations. A necrophagous diptera marker (nd-M) was obtained 

by a mix of amplified fragments from different necrophagous diptera: L. sericata, C. vicina, S. melanura, 

S. jacobsoni, S. tibialis. The DNA mix is useful to quickly and simply assign specimens to Sarcophagidae 

ot to Calliphoridae. Some examples were shown. 
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Rapid molecular identification of necrophagous Diptera by means of variable-length intron 
sequences in the wingless gene 
 

Highlights: 

Larvae of necrophagous Diptera are rapidly identified by PCR and electrophoresis gel 

Intron-4 of wg gene has a constant intraspecific size that is different between species 

A forensic DNA marker could be used for the first step in the evaluation of the PMI-min 

 


