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Molecular Forensics of an Enigmatic Egg: Species Identification Using Mitochondrial DNA Barcoding

Abstract
Accurate identification of species of eggs is significance to ecology, conservation and enforcement of wildlife laws but sometimes can be difficult when morphological characters are not available or are unclear. A case-study is given on a DNA-based forensic pipeline that was used to determine an unknown egg that had been found and collected from a field site. Sanger sequencing and database searches (GenBank/ NCBI BLAST) using standard mitochondrial cytochrome c oxidase subunits I (COI) barcoding protocols were used to assign species to the egg. This study present sampling, DNA isolation, COI-PCR amplification for the taxonomic assignment. Also addressed the technical difficulties (contamination, degraded DNA, reference database gap), interpretative thresholds of assigning a species, and conservation and enforcement implication. The article combines the existing procedures and published analyses of egg/ early -stage life molecular identification and offers a useful template to be used in forensic and ecological approaches.
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1. Introduction
The process of identifying organisms at early stages of life is a common issue in Taxonomy, ecology and wildlife forensics as the morphological characters used for diagnostic purposes are usually missing or not yet developed. Eggs are especially morphologically undifferentiated across closely related taxa, and incubation or rearing to adulthood is both time-intensive and ethically controversial, and is practically infeasible when enforced (Coghlan et al., 2012). DNA barcoding standards studies have identified patterns in the evolution of animal species and detailed their evolutionary connections, which has led to the development of a powerful tool of animal species identification. DNA barcoding, the standardized sequencing of a small fragment of mitochondrial cytochrome c oxidase subunit I (COI) is widely applied in biodiversity, forensic and monitoring studies (Hebert et al., 2003; Hebert et al., 2004). Combined, the Barcode of Life Data System (BOLD) and the GenBank/NCBI repositories allow comparison of sequences and taxonomic assigning through similarity searches and the BLAST algorithm (Ratnasingham and Hebert, 2007; Altschul et al., 1990; Benson et al., 2012).
A number of studies have shown that it is possible to identify eggs (avian, fish, and other taxa) with the help of the barcodes of the mtDNA and have reported the success rates and some limitations that are caused by the coverage of the reference databases, degradation of DNA and bias of the primers (Coghlan et al., 2012; Hofmann et al., 2017; Breitbart et al., 2023; Jiang et al., 2024). This article describes a comprehensive molecular forensic workflow (sampling, laboratory procedures, bioinformatical matching, interpretation and reporting) based on best practice of DNA-barcoding and molecular forensics. The main purpose of this case study is to offer a convenient reference for the taxa identification to researchers and conservation managers who encounter an unknown egg.
2. Materials and Methods
2.1. Sample collection and handling
The specimen of an enigmatic egg was found at Gandhi Ghat, Patna, Bihar (GPS: 25.62190, 85.17170) during field survey on 24th September 2024. The egg, which was about the size of a large peanut, was found in the cracks of a compound wall. Its white shell and secluded location indicate a species that was adapted to urban niches, and may be using cracks and sheltered cavities to protect against predators and other environmental pressures. Its strange location and small size render it difficult to identify in the field even with close morphological observation. Therefore, molecular investigation is necessary to find the ecology and identity of the species that deposited the egg. To ensure the best forensic practices, the egg was collected with sterile gloves, DNA-free consumables to reduce the risk of contamination and the egg was stored at −20 °C until molecular processing (Coghlan et al., 2012).
2.2. DNA extraction
A small piece of eggshell interior (membrane/albumen) was cut out using sterilised scissors and forceps after exposing the eggshell. DNA was extracted by using NucleoSpin® Tissue Kit (Macherey-Nagel) by following the manufactures protocols. The tissues were placed in a 1.5 ml microcentrifuge tube by adding 180 µl of T1 buffer together with 25 µl of proteinase K for an incubation at 56oC in a water bath until the tissue was fully lysed. The RNase A solution (5 µl of 100 mg/ml concentration) was added to the lysed mixture followed by a 5-minute incubation at room temperature. Subsequently, 200 µl of B3 buffer was added and heated at 70oC for 10 minutes. Then, 210 µl of 100% ethanol was added while thoroughly vortexing the mixture. The mixture was pipetted into NucleoSpin® Tissue column placed in a 2 ml collection tube and centrifuged at 11000 x g for 1 minute. The NucleoSpin® Tissue column was transferred to a new 2ml tube and washed with 500 µl of BW buffer. Wash step was repeated using 600 µl of B5 buffer. After washing the NucleoSpin® Tissue column was placed in a clean 1.5 ml tube and DNA was eluted out using 50 µl of BE buffer. Extraction blanks were included to monitor contamination (Hajibabaei et al., 2011).
2.3. Agarose Gel Electrophoresis for DNA Quality Check
The quality of the DNA isolated was checked using agarose gel electrophoresis. 1µl of 6X gel-loading buffer (0.25% bromophenol blue, 30% sucrose in TE buffer pH-8.0) was added to 5µl of DNA. The sample was loaded to 0.8% agarose gel prepared in 0.5X TBE (Tris-Borate-EDTA) buffer containing 0.5 µg/ml ethidium bromide. Electrophoresis was performed with 0.5X TBE as electrophoresis buffer at 75 V until bromophenol dye front has migrated to the bottom of the gel. The gels were visualized in a UV transilluminator (Genei) and the image was checked for DNA quality under UV light using Gel documentation system (Bio-Rad), before PCR.


2.4. PCR amplification and Sequencing quality control
The standard COI barcode is amplified (∼648 bp) using the Folmer primer pair LCO1490/HCO2198 as a first approach (Folmer et al., 1994; Hebert et al., 2003). The PCR amplification was carried out in a PCR thermal cycler (GeneAmp PCR System 9700, Applied Biosystems). PCR reactions (25 µL) contained standard reagents: Taq polymerase, buffer, MgCl2, dNTPs, primers (0.2–0.5 µM), template DNA (1 µL), and thermal cycling followed published standard protocols optimized to minimize nonspecific amplification (Folmer et al., 1994; Geller et al., 2013). Negative and positive controls were also used. COI gene was amplified with the BigDye Terminator v3.1 Cycle sequencing Kit (Applied Biosystems, USA) following manufactures protocol and sequenced in ABI 3500 DNA Analyzer (Applied Biosystems). The sequence quality was checked using Sequence Scanner Software v1 (Applied Biosystems). Sequence alignment and required editing of the obtained sequences were carried out using Geneious Pro v5.1 (Drummond et al., 2010). 
3. Results
3.1. Database searches and taxonomic assignment
Consensus COI sequences were queried against BOLD identification engine (BOLD IDS) and NCBI nucleotide databases using BLASTn (Ratnasingham & Hebert, 2007; Altschul et al., 1990, Zheng et al. 2000) with the core nucleotide BLAST database consists of GenBank, EMBL, DDBJ, PDB, RefSeq sequences. The queries recorded species level identity and taxonomic assignment to Hemidactylus frenatus, Common house gecko (Fig.1) with top matches, percent identity, query coverage, and taxonomic concordance between BOLD and GenBank which followed standard barcode assignment thresholds: ≥98–99% COI similarity typically supports species-level assignment for many animal groups (including this case study), while 95–97% indicates likely congeneric affinity and <95% usually indicates higher-level (family/order) identification or a gap in reference sampling (Hebert et al., 2003; Hebert et al., 2004). Wherever possible we also considered Barcode Index Numbers (BINs) from BOLD to help interpret results (Ratnasingham & Hebert, 2013). 
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Fig. 1. Molecular Identification of Egg DNA as Hemidactylus frenatus Through NCBI BLAST and Multiple Sequence Alignment Analyses.
3.2. NCBI / GenBank deposition 
Obtained DNA barcode sequence and relevant metadata are prepared and submitted to GenBank according to their submission guidelines and policies for voucher and metadata (sample origin, collection details) with BLAST results and accession number PX381500 (Benson et al., 2013; Ratnasingham & Hebert, 2007) are included. A high-quality COI consensus sequence (639 bp barcode) was obtained from the egg sample after successful PCR attempt, with sequence quality meeting standard barcoding thresholds, including the absence of in-frame stop codons and full bidirectional coverage. A BLASTn search against NCBI GenBank returned a single-species top hit with 99.2 % pairwise identity and 100 % query coverage (Hebert et al., 2003; Ratnasingham & Hebert, 2007). Secondary matches were limited to congeners with lower percent identity (≤97 %), further supporting the top assignment, and no substantive conflicts, such as top hits to different genera in the databases were detected. 
4. Discussion
4.1. Successes and methodological considerations
COI barcoding offers a standardized and widely accepted framework for the identification of eggs and other initial life forms (Hebert et al., 2003; Hebert et al., 2004). In cases where good quality barcode sequences are generated, database searches against BOLD and GenBank can provide definitive species assignments provided that (a) the species in question is represented in reference libraries, and (b) intraspecific COI variation does not overlap interspecific divergence within the taxonomic group of query (Hebert et al., 2003). It has been demonstrated that mini-barcodes and redesign of universal primers can be used to enhance the amplification of degraded egg DNA and environmental samples (Hajibabaei et al., 2012; Geller et al., 2013). In case of discordance, further sequencing of other loci or expert advice on taxonomic matters is suggested (Coghlan et al., 2012; Leray, 2019). These methods are based on published methods of the fish-egg identification and its forensic uses, where COI barcodes have been shown to resolve eggs to species in numerous instances, while also identifying the taxa jointly with taxonomic expertise when reference libraries are not complete (Hofmann et al., 2017; Breitbart et al., 2023; Jiang et al., 2024).
4.2. Limitations, Interpretation thresholds and forensic reporting
There are a number of issues that should be highlighted. To begin with, the completeness of the reference database is by far the most important success factor: in case the true species is not present in BOLD/GenBank, the highest hit can be the closest congener or a false positive reference sequence (Ratnasingham and Hebert, 2007; Leray et al., 2019). Second, introgression of mitochondria, incomplete sorting of lineages, or recent divergent speciation may complicate species delimitation with COI alone; integrative methods (more loci, morphology, ecology) enhance the inference. Third, forensic controls against contamination are necessary since low concentrations of exogenous DNA (human, lab organism) may provide erroneous outcomes when not identified (Coghlan et al., 2012). 
In the presented case study, a mysterious egg approximately the size of a large peanut was picked out of a small crack in a compound wall and identified as belong to Hemidactylus frenatus, the common house gecko. It was taxonomically assigned by Mitochondrial DNA barcoding. The egg is hidden in the crevice reinforces the adaptation of the species to urban habitats where the crevice afford protection against predators and environmental stresses. Commonly applied practical thresholds (e.g., 98-99% to assign species) are actually well-advised to be used but ought to be reported (Hebert et al., 2003; Hebert et al., 2004). To enable legal/management intervention it is suggested to adopt corroboration and clarification of the uncertainty (percent identity, alternative matches, database constraints) as currently accepted best practices (Coghlan et al., 2012). The direct uses of molecular identification of eggs are very useful for the investigation of illegal wildlife trading, fishery stock analysis, breeding programs of animals and ecological research on the reproductive biology (Coghlan et al., 2012; Hofmann et al., 2017; Breitbart et al., 2023). Egg-based species identification with high-speed and molecular solutions can expedite the enforcement process and guide conservation planning in cases where nesting sites or spawning grounds are targeted.
Conclusion
DNA barcoding of COI combined with accurate laboratory controls and careful GenBank database searches is authoritative approach for identifying enigmatic eggs to species in many taxa. Success depends on DNA quality, primer choice (including mini-barcodes for degraded templates) and the completeness and taxonomic accuracy of reference libraries. For forensic or high-stake applications, corroborative evidence and transparent reporting of uncertainty are essential. The methodological case study of the deposited egg belonging to Hemidactylus frenatus reported here with sampling, extraction, PCR, bidirectional Sanger sequencing, BLAST/BOLD comparison, and conservative interpretation, provides a practical roadmap for practitioners tasked with egg and its taxa identification.
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