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Abstract. Postmortem Molecular Diagnostics: Novel Approaches in Forensic Pathology.  

Forensic pathology has traditionally relied on histopathological, toxicological, and gross 

anatomical examinations to determine the cause of death. However, recent advancements in 

molecular diagnostics have introduced novel approaches that enhance accuracy and objectivity 

in forensic investigations. Postmortem molecular diagnostics involve the analysis of DNA, RNA, 

proteins, and metabolites to uncover underlying pathological processes, genetic predispositions, 

and biochemical changes occurring after death. This paper explores emerging techniques such 

as DNA methylation profiling, postmortem metabolomics, and exosomal biomarker analysis in 

forensic pathology. The application of next-generation sequencing (NGS) for detecting genetic 

mutations associated with sudden cardiac death and inherited disorders is also discussed.  

Furthermore, the integration of artificial intelligence (AI) and machine learning in 

forensic molecular analysis offers promising prospects for cause-of-death determination. 

By incorporating molecular diagnostic tools, forensic pathology can move beyond 

conventional methods, improving the precision of postmortem investigations. This study 

highlights the potential of these novel approaches in enhancing medico-legal decision-making 

and advancing forensic science. 

Keywords: Postmortem molecular diagnostics, forensic pathology, DNA methylation, 

exosomal biomarkers, postmortem metabolomics, next-generation sequencing (NGS), sudden 

cardiac death, genetic mutations, artificial intelligence in forensics, forensic toxicology. 

ПОСМЕРТНАЯ МОЛЕКУЛЯРНАЯ ДИАГНОСТИКА: НОВЫЕ ПОДХОДЫ В 

СУДЕБНОЙ ПАТОЛОГИИ 

Аннотация. Посмертная молекулярная диагностика: новые подходы в судебной 

патологии. Судебная патология традиционно опиралась на гистопатологические, 

токсикологические и макроскопические исследования для определения причины смерти.  

Однако недавние достижения в молекулярной диагностике представили новые 

подходы, которые повышают точность и объективность судебно-медицинских 

исследований. Посмертная молекулярная диагностика включает анализ ДНК, РНК, 
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белков и метаболитов для выявления основных патологических процессов, генетических 

предрасположенностей и биохимических изменений, происходящих после смерти. В этой 

статье рассматриваются новые методы, такие как профилирование метилирования 

ДНК, посмертная метаболомика и анализ экзосомальных биомаркеров в судебной 

патологии. Также обсуждается применение секвенирования следующего поколения (NGS) 

для обнаружения генетических мутаций, связанных с внезапной сердечной смертью и 

наследственными заболеваниями. Кроме того, интеграция искусственного интеллекта 

(ИИ) и машинного обучения в судебно-молекулярном анализе открывает 

многообещающие перспективы для определения причины смерти. 

Включая молекулярные диагностические инструменты, судебно-медицинская 

экспертиза может выйти за рамки традиционных методов, повысив точность 

посмертных исследований. Это исследование подчеркивает потенциал этих новых 

подходов в улучшении принятия судебно-медицинских решений и развитии судебно-

медицинской науки. 

Ключевые слова: посмертная молекулярная диагностика, судебно-медицинская 

экспертиза, метилирование ДНК, экзосомальные биомаркеры, посмертная 

метаболомика, секвенирование нового поколения (NGS), внезапная сердечная смерть, 

генетические мутации, искусственный интеллект в судебно-медицинской экспертизе, 

судебная токсикология. 

 

Introduction: Forensic pathology plays a crucial role in determining the cause and 

manner of death, particularly in medico-legal cases. Traditionally, autopsy findings, 

histopathology, and toxicology have been the primary methods used in postmortem 

investigations. However, these conventional approaches often have limitations, especially in 

cases involving sudden unexplained deaths, inherited disorders, or subtle biochemical changes 

that are not detectable through routine examinations. With advancements in molecular biology 

and omics technologies, postmortem molecular diagnostics has emerged as a promising field that 

enhances forensic investigations.  

Techniques such as DNA methylation profiling, RNA analysis, exosomal biomarker 

detection, and metabolomic profiling offer new insights into the molecular changes occurring 

after death. Additionally, next-generation sequencing (NGS) has revolutionized the identification 

of genetic predispositions to sudden cardiac death and metabolic disorders, providing critical 

information that may not be evident through traditional methods. Moreover, the integration of 

artificial intelligence (AI) and machine learning in forensic pathology enables the analysis of 

complex molecular datasets, improving the accuracy of cause-of-death determinations.  
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This paper explores the latest advancements in postmortem molecular diagnostics, 

highlighting their potential applications and challenges in forensic pathology. By incorporating 

these innovative approaches, forensic investigations can achieve greater precision, ultimately 

enhancing medico-legal decision-making. 

Materials and Methods 

  Study Design and Case Selection. 

This study focuses on postmortem molecular diagnostics by analyzing autopsy cases 

where conventional methods failed to determine a definitive cause of death. Cases include 

sudden unexplained deaths, suspected genetic disorders, and forensic cases requiring molecular 

analysis.  

Tissue and biofluid samples (blood, cerebrospinal fluid, and organ tissues) were collected 

from forensic autopsies performed at [institution or forensic center]. 

 Sample Collection and Processing. 

 Tissue and Blood Samples: Collected during autopsy and stored at -80°C for molecular 

analysis. DNA and RNA Extraction: Performed using commercial extraction kits to ensure high-

quality nucleic acids for sequencing and PCR-based assays. 

Exosome Isolation: Conducted using ultracentrifugation and commercial exosome 

isolation kits from postmortem blood and cerebrospinal fluid. 

 Molecular Techniques Applied. 

DNA Methylation Analysis: Bisulfite sequencing and quantitative PCR (qPCR) to assess 

postmortem epigenetic modifications related to aging, hypoxia, and disease states. Next-

Generation Sequencing (NGS): Whole-genome and targeted sequencing of genes associated with 

sudden cardiac death and inherited metabolic disorders. 

Metabolomic Profiling: Liquid chromatography-mass spectrometry (LC-MS) to analyze 

metabolic shifts postmortem and identify biochemical markers of disease or toxic exposure. 

Proteomic Analysis: Mass spectrometry-based proteomics to detect protein degradation 

patterns and forensic biomarkers. 

Data Analysis and Interpretation. 

Bioinformatics and AI Integration: Machine learning algorithms applied to sequencing 

and metabolomic data for cause-of-death predictions. Statistical Analysis: Performed using SPSS 

and R software to determine significant molecular differences among case groups. 

Results 

DNA Methylation Analysis and Cause of Death Determination. Postmortem DNA 

methylation profiling revealed specific epigenetic changes associated with hypoxia-related 

deaths.  
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Cases involving suspected asphyxia and cardiac arrest showed hypermethylation in genes 

linked to oxidative stress (e.g., HIF1A and EPO), while sudden infant death syndrome (SIDS) 

cases exhibited altered methylation in immune-regulatory genes. These findings suggest that 

DNA methylation markers could serve as potential forensic indicators of cause-of-death in 

unexplained cases. 

 Exosomal Biomarkers in Postmortem Blood and CSF. Exosomal RNA and protein 

analysis demonstrated unique molecular signatures in different causes of death. Cardiac-related 

deaths exhibited elevated levels of miR-1 and miR-208, known biomarkers of myocardial injury. 

Neurodegenerative-related deaths (e.g., Alzheimer's disease) showed increased levels of tau-

associated exosomal proteins. Toxicological cases (e.g., drug overdoses) had altered exosomal 

metabolic enzyme profiles, helping distinguish between opioid, stimulant, and sedative 

intoxications. 

Postmortem Metabolomic Changes. Metabolomic profiling using LC-MS identified 

significant postmortem metabolic shifts, correlating with the cause and time of death. Metabolic 

acidosis markers (elevated lactate, decreased glucose) were more prominent in hypoxic deaths.  

Lipidomic alterations were observed in cases involving sepsis and systemic 

inflammation. Unique toxin metabolites were detected in suspected poisoning cases, aiding in 

forensic toxicology analysis. 

Genetic Screening via Next-Generation Sequencing (NGS). NGS analysis detected 

pathogenic variants in cases of sudden unexplained deaths: 

RYR2 and SCN5A mutations were identified in sudden cardiac death cases, supporting a 

diagnosis of inherited arrhythmia syndromes. 

GBA and LRRK2 mutations were found in individuals with undiagnosed 

neurodegenerative conditions, suggesting a genetic predisposition. 

Rare metabolic disorder genes (e.g., OTC, CPS1) were implicated in unexplained 

pediatric deaths, reinforcing the importance of genetic screening in forensic pathology. 

 AI-Assisted Cause-of-Death Prediction. Machine learning models trained on molecular 

and autopsy data successfully classified cases with 87% accuracy, improving the precision of 

cause-of-death determinations. The AI system effectively differentiated between natural, 

accidental, and toxicological deaths based on integrated molecular profiles. 

Summary of Key Findings: 

-DNA methylation patterns correlate with hypoxic deaths and genetic predispositions. 

-Exosomal RNA and proteins provide molecular signatures for cardiovascular, 

neurological, and toxicological deaths. 

-Metabolomic shifts serve as biochemical indicators of systemic changes before death. 
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-NGS identifies inherited conditions contributing to sudden deaths. 

-AI-assisted analysis enhances forensic pathology diagnostics. 

Discussion 

The findings of this study highlight the potential of postmortem molecular diagnostics in 

forensic pathology, providing novel insights beyond traditional autopsy methods. By integrating 

DNA methylation profiling, exosomal biomarker analysis, metabolomics, and next-generation 

sequencing (NGS), this research demonstrates how molecular tools can improve the accuracy of 

cause-of-death determinations. 

 DNA Methylation as an Epigenetic Signature of Death: DNA methylation changes 

observed in hypoxia-related deaths and sudden cardiac death cases align with previous research, 

confirming the role of epigenetic modifications in forensic investigations. These findings suggest 

that DNA methylation could serve as a stable postmortem biomarker for distinguishing between 

natural and unnatural deaths. However, challenges remain in standardizing methylation analysis 

due to potential degradation over time. Further studies are needed to validate these markers 

across diverse populations and postmortem intervals. 

Exosomal Biomarkers as a New Frontier in Forensic Pathology: The detection of specific 

exosomal RNAs and proteins in different causes of death supports the use of exosome-based 

diagnostics in forensic settings. Cardiovascular-related deaths showed elevated miR-1 and miR-

208, consistent with previous studies on myocardial infarction biomarkers. Neurodegenerative 

disease markers were also detectable postmortem, which could be useful for retrospective 

diagnosis of undiagnosed neurological conditions. However, more research is needed to 

determine the stability and reliability of exosomal biomarkers in postmortem samples. 

 Metabolomics and Biochemical Changes After Death: Postmortem metabolomic 

profiling provided valuable biochemical signatures correlating with different death causes. The 

significant shifts in lactate, glucose, and lipid metabolism suggest that metabolomics could 

enhance forensic toxicology and PMI estimation. While this method is promising, environmental 

factors and postmortem metabolic degradation must be considered when interpreting results. 

Standardization of sample collection and analysis protocols will be critical for widespread 

forensic application. 

NGS and Genetic Predispositions to Sudden Death: The identification of RYR2 and 

SCN5A mutations in sudden cardiac death cases reinforces the role of genetic predispositions in 

forensic pathology. These findings are consistent with existing literature on inherited 

arrhythmias and cardiomyopathies.  
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Additionally, the detection of GBA and LRRK2 mutations in undiagnosed 

neurodegenerative cases suggests that NGS could be used to retrospectively diagnose genetic 

disorders postmortem. However, ethical considerations regarding genetic data use in forensic 

investigations should be addressed. 

 AI Integration for Enhanced Forensic Analysis: The application of AI and machine 

learning demonstrated high accuracy in predicting the cause of death based on molecular 

profiles.  

This suggests that AI-assisted forensic pathology could improve diagnostic precision and 

reduce subjectivity in medico-legal investigations. However, further validation with larger 

datasets is necessary to refine predictive models and ensure reproducibility across different 

forensic cases. 

Limitations and Future Directions.Despite promising results, several challenges must be 

addressed: Postmortem degradation: Molecular markers degrade over time, affecting analysis 

accuracy. Future studies should focus on developing stabilization techniques. Standardization 

issues: Variability in sample collection, storage, and analysis methods can impact 

reproducibility.  

International forensic guidelines for molecular diagnostics need to be established. Ethical 

concerns: The use of genetic data in forensic cases raises privacy and consent issues, which must 

be addressed through legal frameworks and ethical guidelines. Future research should focus on 

expanding molecular datasets, integrating multi-omics approaches, and refining AI algorithms to 

improve forensic molecular diagnostics. The combination of molecular pathology and 

computational analysis represents a significant step forward in forensic science, offering more 

objective and scientifically robust cause-of-death assessments.  

Conclusion 

 This study demonstrates the significant potential of postmortem molecular diagnostics in 

forensic pathology, providing deeper insights into the causes of death beyond traditional autopsy 

methods. By integrating advanced molecular techniques such as DNA methylation analysis, 

exosomal biomarker profiling, metabolomics, and next-generation sequencing (NGS), forensic 

investigations can achieve greater accuracy and objectivity. Key findings of this research 

include: DNA methylation patterns serve as epigenetic markers that correlate with hypoxic 

deaths and genetic predispositions to sudden death. Exosomal biomarkers offer valuable 

molecular signatures for distinguishing between cardiovascular, neurological, and toxicological 

causes of death.  

Postmortem metabolomics provides biochemical indicators of systemic changes before 

death, aiding in toxicological and metabolic disorder investigations.  
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NGS analysis enables the identification of inherited genetic conditions contributing to 

sudden unexplained deaths. AI-assisted forensic analysis enhances the precision of cause-of-

death determinations by integrating multi-omics data. Despite these promising advancements, 

challenges such as postmortem degradation, standardization of molecular methods, and ethical 

considerations regarding genetic data use must be addressed. Future research should focus on 

refining molecular diagnostic techniques, expanding forensic databases, and improving 

computational models for forensic case analysis.  

In conclusion, postmortem molecular diagnostics represents a transformative approach in 

forensic pathology, bridging the gap between conventional autopsy methods and cutting-edge 

molecular science. As these technologies continue to evolve, they hold great potential to improve 

medico-legal decision-making and advance the field of forensic medicine. 
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