


Forensic Identification of a Cow-Associated Blowfly Using Mitochondrial COI Gene Sequencing



ABSTRACT
Accurate identification of cadaver-associated insects is fundamental in forensic entomology, particularly for reliable post-mortem interval (PMI) estimation. In the present study, mitochondrial cytochrome oxidase subunit I (COI) gene–based DNA barcoding was employed to molecularly identify a necrophagous insect specimen (F1-Cow) associated with a forensic case from central India. Genomic DNA extraction yielded a high-quality concentration of 124 ng/µl, suitable for downstream molecular analysis. The COI gene was successfully amplified using mitochondrial-specific primers and sequenced using the Sanger method, generating a high-quality 656 bp fragment. Sequence alignment and BLAST analysis revealed 99.09% similarity with reference sequences of Chrysomya megacephala deposited in the NCBI GenBank database. Phylogenetic reconstruction using the Neighbor-Joining method with the Jukes–Cantor distance model placed the F1-Cow sequence within a well-supported C. megacephala clade, confirming species identity. The concordance of DNA quantification, PCR amplification, sequence similarity, BLAST results, and phylogenetic clustering validates the robustness of the molecular workflow. The study highlights the effectiveness of COI-based DNA barcoding as a reliable and complementary tool to morphological identification, particularly in forensic cases involving damaged, decomposed, or developmentally immature insect specimens.
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1. INTRODUCTION
	Forensic entomology is the application of insect biology to criminal investigations, particularly in estimating the post-mortem interval (PMI) and reconstructing circumstances surrounding death (Amendt et al. 2004). Insects are among the earliest organisms to colonise decomposing remains and their predictable life cycles make them valuable biological indicators in medico-legal cases. Blowflies (Diptera: Calliphoridae) are especially important due to their rapid arrival and well-studied developmental patterns (Wells & Stevens, 2008).
		The colonisation of a cadaver by insects follows a predictable ecological succession, influenced by environmental factors such as temperature, humidity, accessibility and body condition. Early colonisers such as Chrysomya megacephala, Lucilia sericata and Chrysomya rufifacies tend to oviposit within minutes to hours after death (Byrd & Castner, 2010). Their developmental stages can be used to determine the minimum PMI, a crucial parameter in death investigations.
		Traditional morphological identification of blowflies is sometimes limited due to damaged specimens or immature stages, especially eggs and early instar larvae. DNA barcoding using mitochondrial COI gene has emerged as a reliable tool for accurate species-level identification (Hebert et al. 2003). The COI gene is widely used to differentiate closely related species and build phylogenetic relationships (Sperling et al. 1994). Molecular methods enhance precision and reduce misidentification in forensic entomology.
		Chrysomya megacephala, commonly known as the Oriental latrine fly, is one of the most forensically significant species in tropical and subtropical regions (Badenhorst & Villet, 2018). It is an early coloniser of decomposing remains and has predictable developmental rates, making it suitable for PMI estimation. Studies worldwide have documented its dominance on both animal and human cadavers, highlighting its ecological adaptability (Sim & Zuha, 2019).
		Insect development is strongly influenced by environmental conditions and therefore region-specific datasets are essential for accurate PMI estimation (Amendt et al. 2007). Many regions lack extensive molecular and ecological data on carrion insects, which limits the reliability of forensic interpretations. This study contributes to generating such data by analysing insect species collected from different cadaver environments.

2. MATERIALS AND METHODS
2.1 Study Area and Sample Collection
		The present study was conducted at Jagdalpur District, under the Department of Biosciences, MATS University. Cadaver-associated insect samples (designated as F1-Cow) were collected from a cow carcass following standard forensic entomological sampling protocols. Insects were collected at the early stage of decomposition to maximize the recovery of primary colonizers.
2.2 Sample Preparation and DNA Extraction
		Prior to DNA extraction, insect specimens were surface-sterilized by sequential washing in sterile distilled water and 70% ethanol to remove external contaminants. Genomic DNA was extracted from individual specimens using the phenol:chloroform:isoamyl alcohol (25:24:1) method. Extracted DNA pellets were washed with ethanol, air-dried, and re-suspended in TE buffer. RNase treatment was applied to remove RNA contamination, and DNA samples were stored at −20 °C until further use.
2.3 DNA Quantification
		The concentration and purity of extracted DNA were assessed using spectrophotometric analysis. DNA concentration was recorded in ng/µl, and samples showing adequate yield and purity were selected for downstream molecular applications, including PCR amplification and sequencing.
2.4 PCR Amplification of the COI Gene
		Amplification of the mitochondrial cytochrome oxidase I (COI) gene was performed using mitochondrial-specific primers (mtCOI-3′ and mtCOI-5′). PCR reactions were carried out in a total volume of 50 µl containing genomic DNA template, primers, dNTPs, 10× Taq polymerase buffer, Taq DNA polymerase, and nuclease-free water.
		PCR cycling conditions included an initial denaturation at 94 °C for 5 min, followed by 35 cycles of denaturation at 94 °C for 1 min, annealing at 40 °C for 1 min, and extension at 72 °C for 1 min, with a final extension at 72 °C for 7 min. Amplification success was verified by agarose gel electrophoresis.
2.5 DNA Sequencing
		Successfully amplified PCR products were purified and subjected to bidirectional Sanger sequencing using an automated genetic analyzer. Raw sequence chromatograms were manually inspected to ensure sequence accuracy.
2.6 Sequence Alignment and BLAST Analysis
		Obtained COI sequences were trimmed to remove low-quality ends and aligned using standard sequence alignment software. Species identification was performed using the BLASTN tool against the NCBI GenBank database. Sequence similarity, query coverage, alignment score, and E-value were considered for reliable species-level identification.
2.7 Phylogenetic Analysis
		Phylogenetic analysis was conducted by retrieving closely related COI reference sequences from GenBank. Evolutionary distances were calculated using the Jukes–Cantor model, and phylogenetic trees were constructed using the Neighbor-Joining method. Bootstrap analysis was performed to assess the robustness of clade formation.
2.8 Species Confirmation
		Final species identification was confirmed based on concordance among COI sequence length and quality, BLAST similarity results, and phylogenetic clustering with authenticated reference sequences. This integrative molecular approach ensured accurate identification of the F1-Cow specimen for forensic interpretation.




3. RESULTS AND DISCUSSION
3.1 DNA Quantification
		The genomic DNA extracted from the F1-Cow sample yielded a concentration of 124 ng/µl (Table 1). This DNA yield is well within the optimal range required for downstream molecular applications, including high-fidelity PCR amplification and Sanger sequencing. The concentration obtained indicates that the DNA extraction protocol was efficient and successfully minimized degradation as well as the presence of inhibitory contaminants.
		High-quality DNA is a prerequisite for accurate molecular identification in forensic entomology, particularly for amplification of the mitochondrial cytochrome oxidase I (COI) gene (Sperling, Anderson, & Hickey, 1994). The DNA concentration obtained for the F1-Cow sample confirms its suitability for reliable COI amplification and subsequent sequencing. Overall, the quantification results demonstrate that the extracted DNA was of sufficient quality and quantity to support standard forensic molecular identification workflows.
3.2 PCR Reaction Components and Primer Details (F1-Cow)
		PCR amplification of the mitochondrial cytochrome oxidase I (COI) gene for the F1-Cow sample was carried out using a standardized reaction mixture with a total volume of 50 µL (Table 2). The reaction contained 1 µL of genomic DNA as the template, along with appropriate concentrations of forward and reverse primers, dNTPs, Taq DNA polymerase, assay buffer, and nuclease-free water. The balanced composition of the PCR mix ensured optimal enzyme activity and efficient amplification of the target COI region without nonspecific products.
		The primer used for COI amplification (mtCOI-3′) exhibited suitable melting temperature (Tm = 59 °C) and GC content (32%) (Table 3), which are within the optimal range for stable primer binding and specific amplification. These primer characteristics contributed to the successful and reproducible amplification of the COI gene in the F1-Cow sample. Overall, the PCR reaction setup and primer properties supported efficient amplification, facilitating reliable downstream sequencing and molecular identification.
3.3 Sequence Alignment and Species Identification
Sample F1-Cow
		The mitochondrial cytochrome oxidase I (COI) gene sequence obtained from Sample F1-Cow was successfully aligned and analyzed for species identification. The high-quality aligned sequence, consisting of 656 bp, showed clear and unambiguous nucleotide positions, indicating effective amplification and sequencing of the target mitochondrial region.
		BLAST analysis of the aligned COI sequence revealed a 99.09% sequence similarity with reference sequences of Chrysomya megacephala available in the GenBank database (Accession No. LC684826.1), confirming the species identity of the F1-Cow sample. The high percentage similarity reflects minimal nucleotide divergence from the reference sequence and supports accurate species-level identification.
		The aligned COI nucleotide sequence of Sample F1-Cow is presented below, representing a high-quality barcode suitable for comparative molecular analysis and forensic identification:
TACTTTATATTTCATTTTCGGAGCTTGATCCGGAATAGTAGGAACTTCATTAAGTATTTTAATTCGAGCTGAATTAGGACACCCTGGAGCATTAATTGGAGACGACCAAATTTATAATGTAATTGTAACAGCTCACGCTTTTATTATAATTTTCTTTATAGTAATGCCAATTATAATTGGAGGATTTGGAAATTGACTAGTTCCTTTAATGTTAAGCTCCAGATATAGCTTTCCCACGAATAAATAATATAAGTTTCTGACTTTTACCTCCTGCATTAACTTTATTATTAGTAAGTAGTATAGTAGAAAATGGGGCTGGAACAGGATGAACTGTTTACCCACCTTTATCTTCTAATATTGCTCATGGAGGAGCATCAGTTGATTTAGCTATACTCTTTACACTTAGCAGGAATTTCTTCAATTTTAGGAGCTGTAAATTTTATTACAACTGTAATTAATATACGATCTACAGGAATTACATTTGATCGAATACCTTTATTTGTATGATCTGTAGTTATTACTGCTCTATTATTATTATTATCTTTACCAGTATTAGCTGGAGCTATTACTATAATTATTAACTGACCGAAATCTAAATACTTCATTCTTTGATCCAGCACGAGGAGGAGATCCTATTTTATACCAACATTTATTT
Fig 1. Sequence Alignment Sample F1-Cow

3.4 Phylogenetic Analysis
		Phylogenetic analysis of the mitochondrial COI sequences was performed using the Neighbor-Joining method based on the Jukes–Cantor corrected distance model. The resulting phylogenetic tree clearly grouped the F1-Cow sequence within a well-supported clade of authenticated Chrysomya megacephala reference sequences retrieved from the NCBI GenBank database (Fig. 2).
		The F1-Cow sequence clustered closely with multiple C. megacephala isolates and voucher sequences, including LC684826.1 and other globally reported accessions, indicating low evolutionary divergence characteristic of conspecific COI barcoding data. The corresponding nodes showed strong bootstrap support, confirming the robustness and reliability of the phylogenetic placement.
		No anomalous branching or distant clustering was observed, suggesting that the amplified COI sequence was free from contamination and accurately represented the target species. The phylogenetic consistency between the F1-Cow sample and reference sequences further validates the BLAST-based identification and confirms the specimen as Chrysomya megacephala. These results demonstrate the effectiveness of COI-based phylogenetic analysis for accurate molecular identification of cadaver-associated insects in forensic investigations.
Fig 2. [image: ]Phylogenetic Tree- Sample F1-Cow
3.5 BLAST Analysis
		BLASTN analysis of the mitochondrial COI sequence obtained from the F1-Cow sample produced highly significant alignments with reference sequences of Chrysomya megacephala available in the NCBI nucleotide database. The F1-Cow query sequence (~656 bp) showed 99.09% sequence identity, 100% query coverage, high alignment scores, and an E-value of 0.0, indicating an extremely reliable and statistically significant match.
		All top-ranking BLAST hits corresponded exclusively to C. megacephala, including multiple isolates and voucher specimens from diverse geographic regions. No alternative species appeared among the highest similarity results, and only minimal nucleotide mismatches were observed across the aligned region. These findings confirm the accuracy of the amplified COI sequence and exclude the possibility of contamination or misidentification.
		The high level of sequence similarity observed for the F1-Cow sample meets and exceeds the accepted thresholds for species-level identification of forensic insects using COI DNA barcoding (Sperling, Anderson, & Hickey, 1994). Collectively, the BLAST results provide strong molecular evidence that the F1-Cow specimen belongs to Chrysomya megacephala, supporting the sequence alignment and phylogenetic analyses and validating the effectiveness of COI-based molecular identification in forensic entomology.
[image: ]Fig 3. Blast Data - Sample F1-Cow
3.6 Sequence Similarity and Molecular Identification (F1-Cow)
		BLAST-based comparison of the mitochondrial COI sequence from the F1-Cow sample yielded a 656 bp high-quality sequence showing 99.09% similarity with reference sequences of Chrysomya megacephala in the NCBI GenBank database (Accession No. LC684826.1) (Table 5). The high percentage identity confirms a strong genetic match with minimal nucleotide divergence, supporting accurate species-level identification.
		A consolidated summary of the molecular findings for the F1-Cow sample is presented in Table 6. The specimen exhibited a high DNA yield (124 ng/µl), successful COI amplification with adequate sequence length (656 bp), and robust BLAST similarity (99.09%). Consistent clustering within the same phylogenetic clade as authenticated C. megacephala reference sequences further corroborated the BLAST results. Together, these parameters confirm the reliable molecular identification of the F1-Cow specimen as C. megacephala using COI DNA barcoding.
3.7 Discussion of Findings:
		The F1-Cow specimen produced high-quality genomic DNA (124 ng/µl), robust PCR amplification, and a 656-bp COI barcode that matched Chrysomya megacephala with 99.09% identity. These findings align with the foundational work of Hebert et al. (2003), who established the mitochondrial COI region as a reliable universal barcode for animal species identification, and with Sperling, Anderson, and Hickey (1994), who demonstrated early on the value of DNA-based methods for forensic insect identification. The concordance of DNA yield, amplification success, sequence quality, BLAST similarity, and phylogenetic placement in this study confirms that the standard COI workflow remains highly effective for blowfly identification in forensic contexts (Hebert et al. 2003; Sperling et al. 1994).
		Wells and Stevens (2008) emphasized that mitochondrial markers such as COI are particularly useful in forensic entomology because they tolerate partial degradation and provide high discriminatory power among Calliphoridae. Our F1-Cow COI result - clear sequence, high coverage, and a top BLAST match to LC684826.1 - follows this pattern and supports the use of COI barcoding for medico-legal casework (Wells & Stevens, 2008). Moreover, recent methodological improvements and expanded reference libraries have strengthened the reliability and geographic applicability of COI identifications (Jordaens et al. 2013).
		Recent applied studies specifically addressing Chrysomya megacephala reinforce our identification. Ye et al. (2024) developed rapid molecular detection assays and reported consistent COI-based identifications of C. megacephala from crime-scene samples across multiple years, demonstrating COI’s practical utility in real forensic casework. Likewise, Zhang et al. (2024) used molecular approaches to investigate developmental markers in C. megacephala pupae, highlighting how molecular data can complement entomological age-estimation - an important downstream application after species identification. These studies show that once species identity is robustly established (as here for F1-Cow), molecular data can directly inform post-mortem interval (PMI) and developmental timing analyses (Ye et al. 2024; Zhang et al. 2024).
		Comprehensive reviews and regional surveys further illustrate both the strengths and limits of COI barcoding. Bambaradeniya (2023) and Jordaens et al. (2013) note that COI is excellent for species discrimination in many Diptera, but emphasize the ongoing need to expand and curate reference libraries and to combine barcodes with phylogenetic analyses and morphological cross-checks to avoid misassignment in poorly represented taxa or cryptic complexes. In line with these recommendations, the present study combined BLAST, alignment quality checks, and Neighbor-Joining phylogenetics with bootstrapping - a multi-tiered approach that reduces false positives and increases confidence in the F1-Cow identification (Bambaradeniya, 2023; Jordaens et al. 2013).
		Finally, while COI-based identification is powerful, practitioners should remain aware of practical caveats (database gaps, potential nuclear mitochondrial pseudogenes, and geographic variation). Continued enrichment of regional barcode libraries (especially for India and adjacent regions) and periodic validation against voucher specimens will improve forensic accuracy. The present results - a high DNA yield, clear COI barcode, a 99.09% BLAST hit to C. megacephala, and consistent phylogenetic clustering - provide strong, defensible molecular evidence identifying the F1-Cow specimen as Chrysomya megacephala, thereby supporting subsequent forensic interpretations (e.g., PMI estimation) that depend on accurate species identity.
TABLE 1. DNA Quantification of Extracted Samples
	S. No.
	Sample ID
	DNA Concentration (ng/µl)

	1
	F1-Cow
	124








TABLE 2. PCR Reaction Mix for COI Gene Amplification (Total Volume: 50 µL)
	Component
	Volume (µL)

	DNA Template
	1

	16s Forward Primer
	2

	16s Reverse Primer
	2

	dNTPs (2.5 mM each)
	4

	10X Taq DNA Polymerase Assay Buffer
	10

	Taq DNA Polymerase Enzyme (3 U/ml)
	1

	Nuclease-free Water
	30

	Total Volume
	50 µL



TABLE 3. Primer Details for COI Amplification
	S. No.
	Primer Name
	Sequence (5′ → 3′)
	Tm (°C)
	GC%

	1
	mtCOI-3′
	GGTCAACAAATCATAAAGATATTGG
	59
	32



TABLE 4. PCR Cycling Conditions for COI Gene
	Step
	Temperature (°C)
	Time
	Cycles

	Initial Denaturation
	94°C
	5 min
	1

	Denaturation
	94°C
	1 min
	35 cycles

	Annealing
	40°C
	1 min
	35 cycles

	Extension
	72°C
	1 min
	35 cycles

	Final Extension
	72°C
	7 min
	1



TABLE 5. Sequence Similarity (BLAST Results) for Species Identification
	Sample ID
	Sequence Length (bp)
	% Similarity
	Identified Species
	Reference Accession No.

	F1-Cow
	656
	99.09%
	Chrysomya megacephala
	LC684826.1





TABLE 6. Summary of Molecular Identification
	Parameter
	F1-Cow

	DNA Yield
	124 ng/µl

	COI Sequence Length
	656 bp

	BLAST % Similarity
	99.09%

	Identified Species
	C. megacephala

	Phylogenetic Tree Clustering
	Same clade



4. CONCLUSION:
		The present study successfully demonstrates the applicability of mitochondrial cytochrome oxidase I (COI) gene–based DNA barcoding for accurate species-level identification of cadaver-associated insects in forensic investigations. The F1-Cow sample yielded high-quality genomic DNA in sufficient quantity, enabling efficient PCR amplification and generation of a reliable COI sequence. Sequence alignment, BLAST analysis, and phylogenetic reconstruction consistently identified the specimen as Chrysomya megacephala, with high sequence similarity and strong phylogenetic support. The concordance among DNA quantification, amplification success, sequence quality, BLAST similarity, and phylogenetic clustering confirms the robustness of the molecular workflow employed. These findings highlight the value of COI-based molecular identification as a reliable complement to traditional morphological methods, particularly in forensic cases involving decomposed or damaged specimens, and reinforce its significance in strengthening forensic entomological evidence and subsequent post-mortem interval estimations.
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7. FUTURE SCOPE:
		This study highlights the potential of COI gene sequencing for accurate identification of cadaveric insects. Future research should focus on developing region-specific DNA barcode libraries, generating local developmental datasets for PMI estimation and examining insect behaviour under diverse environmental conditions.
Expanding molecular markers, integrating next-generation sequencing and enhancing collaboration with forensic agencies will further strengthen the application of forensic entomology in medico-legal investigations.
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