
www.ijcrt.org                                                 © 2024 IJCRT | Volume 12, Issue 11 November 2024 | ISSN: 2320-2882 

IJCRT2411047 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org a416 
 

The Role Of Genetics In Forensic Medicine 

AUTHOR: SHIVAM S. MISHRA 

 

ABSTRACT: Forensic medicine can be defined as forensic pathology and forensic science. It is the use of 

medicine in support of the law. The role of forensic medicine in the process of crime detection cannot be 

overlooked because it gives the law enforcement agency a detailed picture of the events which led to the 

trauma, death and any other medical concern related to crime as soon as the personnel is on the crime scene.  

Forensic medicine and genetics forming a new emerging focus a new emerging focus also give witness to some 

of the most cutting-edge progress in crime in the modern world with the criminals’ impunity being brought to 

an end. There are also expectations to technological developments in the future that will require careful 

assessment as to how far the ethics of science can be stretched. 

Another essential aspect of the above is that if evidence is handed over in any litigation case, no document or 

object handed over should before the completion of the case process leave any person’s possession without 

any proper documentation including a detailed explanation and why it was withdrawn to preserve its 

authenticity and admissibility in court.  

Privacy issue: Genetic information contains sensitive moral issues involving the problem consent, data security 

and improper expectations regarding the collection, preservation and utilization of DNA which are sources to 

be neglected in ones jurisdiction. This is about the law in every jurisdiction, Laws vary in how they prescribe 

the manner of collection and retention of DNA. 
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1. INTRODUCTION: Forensic medicine is also referred to as forensic pathology or forensic science. It 

involves the application of medical knowledge to criminal law. Forensic medicine is an important 

component of the crime investigation process as it provides an immediate understanding of the 

circumstances surrounding injuries, deaths, and other medical conditions related to criminal activities 

to the law enforcement agency. Important aspects of Forensic medicine includes:  

Forensic Pathology: This relates the examination of deaths, especially sudden, inexplicable, or 

suspicious. It encompasses the post-mortem examination of bodies and other release of cause and 

manner of death that might be helpful in identifying potential criminal conduct.  

Evidence Collection: Forensic medicine encompasses the techniques for acquiring and preserving 

evidence at crime scenes, victims and suspects. This may include biological samples, toxicology 

analysis and much more.  
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Legel Implications: Forensic experts frequently provide testimonies in court where they describe 

complex medical findings in language that is appropriate for presentation to the judges and juries.  

Interdisciplinary Relationships: Forensic medicine often works closely together with enforces, 

lawyers and other forensic specialties such as anthropology, toxicology, and odontology, to develop 

comprehensive cases.  

Forensic Genetics: Genetics has revolutionized forensic science, particularly in DNA analysis, but also 

as a fundamental building block to identify individuals and associate them with a crime scene.  

DNA Profiling: Techniques such as STR allow (Short Tandem Repeats) allow a DNA profile to be 

created that matches biological samples at the crime scene with potential to deliver results from 

exceptionally minute samples of DNA.  

Heredity and Family Searches: The investigators might trace possible family connections through 

genetic relationships in cold or unsolved murder cases through the help of family member DNA 

databases that may lead them to possible suspects. 

Possible Genetics: Forensic Scientists assess the relevance of DNA match across different populations 

by using statistical techniques in the interpretation of evidence from DNA sources. 

Conclusion: A new emerging focus is the overlap of forensic medicine and genetics, an expanding field 

that helps aid our ability to crime investigate and bring criminal to justice. Continued technological 

advancement promises yet higher precision in analytical techniques, accuracy and the forensic science 

ability to adequately meet rising complex legal challenges. Challenges in ethics and privacy are 

inevitable as both fields grow, requiring careful scrutiny to balance scientific advancement against 

individual rights. 

2.  Fundamentals of Genetics for Forensic Analysis: The essence of genetics in crime investigations 

would thus be application of genetic principles in identifying those who commit crimes, linking people, 

as well as revealing mysterious pf those individuals who have passed away. The following are some 

highlights: 

DNA Structure and Functions: The genetic material that contains the instructions for the 

development, functioning, growth and reproduction of all living organisms. DNA contains sequences 

of nucleotides made of adenine, thymine, cytosine and guanine which creates the structure of a double 

helix. The specific sequences of these nucleotides serves as a genetic information. 

Types of Genetic Markers: STR (Short Tandem Repeats): STR are short repetitions of DNA which 

differ significantly between individuals. Among these repeats, analysis of any set of STR markers 

produces a DNA specific to individuals.  

SNP (Single Nucleotide Polymorphisms): Alterations at a single nucleotide site in DNA that can also 

be informative, although less commonly used in forensic work compared to STRs. 

Mitochondrial DNA: Mitochondrial DNA is inherited maternally and is helpful in forensic investigation 

but only for samples that are degraded or that cannot be included in nuclear DNA profiling. 

Techniques for DNA Profiling Polymerase Chain Reactions (PCR): Amplifies DNA to millions of 

copies of specific DNA segments. It is useful for the processing of small samples, which would 

frequently occur in crime scene evidence.  

Capillary Electrophoresis: It separates and analyzes amplified DNA fragments according to their sizes 

so that forensic can construct DNA profiles from STRs.  

DNA Databases CODIS: The FBI maintains the national DNA database, in which are stored DNA 

profiles of both convicted offenders, arrestees and forensic evidence taken from crime scenes. This 

database provides the law enforcement with an opportunity to link suspects to other known cases.  

Ethical and Legal Considerations: Probability and Match Interpretation when a DNA profile is 

developed, forensic scientists compute the probability of a match between the DNA sample and a 

suspect. This is appreciating allele frequences in different populations so that it is ascertained how 

likely it is that two samples could come from the same source by chance  
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Chain Of Custody: There is a strict requirement of maintaining a clear record of the evidence handing 

to keep its integrity and admissibility in the court.  

Privacy Issue: Handling genetic information raises crucial ethical concerns with regard to consent, 

data security and misdirection of how DNA information would be collected, stored and used. About the 

laws in each jurisdiction, laws differ regarding the process of collecting, storing and using DNA data.  

Applications In Forensic Science Criminal Investigations: DNA profiling can establish a guilty 

suspect based on the biological evidence including blood, hair and skin etc. recovered at a crime scene. 

Genetic analysis corrects wrongs; an example is wrongful crime conviction of people and subsequent 

exonerations. Human remains when other conventional methods cannot identify human remains, 

forensic genetics may play their part. The applications of genetics in forensic analysis is a powerful 

tool for enhancing the crime solving capabilities of law enforcements and offering justice. Thus, there 

is a continuous need for the development of genetic technologies and methodologies to address 

emerging challenges and ethical issues related to the use of genetic data.  

3.  DNA Typing techniques in Forensic Science: DNA typing refers to DNA profiling or DNA 

fingerprinting, a vital technique in forensic science, which attains the identification of individuals based 

on their individual genetic makeup. Some of the key DNA typing techniques used in forensic 

investigation are briefly discussed as follows: 3.1.PCR (Polymerase Chain Reactions): This is the 

process that amplifies small amounts of DNA, thereby allowing the analysis of even degraded samples. 

Process: PCR is carried out in repeated cycles of heating and cooling, permitting enzymes to reproduce 

certain areas of DNA. Millions of copies of the target DNA segment are produced. 

Applications: Application is greatly needed for analyzing samples from crime scenes, where available 

DNA may be insufficient for direct analysis. 

3.2. STR analysis: STRs are regions on DNA where a number of base pairs are repeated. The number 

of repeats may vary from individual to individual. Thus, the analysis of STR is very informative.  

Process: After PCR amplification, separate STR regions are analyzed by capillary electrophoresis, in 

which DNA fragments are separated based on size. Profiles shall not be the same for any two individuals 

as the number of repeats at specific STR loci differs. 

Applications: Till date this is the classical method used in DNA profiling in forensic science as it has a 

high resolution and power of discrimination.  

3.3.Multiplex PCR  

Applications: It facilitates the amplification of multiple STR loci in efficiency and step of the reaction 

to improve efficiency and speed up analysis.  

Process: The technique involves designing specific primers for several STR areas. Subsquently, all the 

targeted regions undergo simultaneous PCR amplifications.  

Applications: It is very helpful in the rationalization of testing procedures and finds widespread use in 

forensic labs.  

3.4. SNP analysis 

Applications: SNPs are changes at nucleotide positions within a DNA sequences. Such variations are 

helpful for additional genetic information, especially in samples that are not human origin or in which 

DNA quality is low.  

Process: It is possible to identify particular SNPs that are linked with particular phenotypic 

characteristics or ancestry through techniques such as allele-specific PCR or NGS.  

Application: In complex cases, it’s possible to apply in supplementary profiling cases when STR 

analysis is impossible.  
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3.5.Mitochondrial DNA (mtDNA) Analysis: Inherited maternally, hence useful for samples where nuclear 

DNA degraded or in limited supply.  

Process: Extract mtDNA and amplify, then sequences or match hypervariable regions (HVR) against 

established profiles.  

Applications: It is quite useful where there is not enough nuclear DNA to analyze in a sample of bone, 

hair or other tissues.  

3.6. Y- Chromosome Analysis 

 Purpose: The Y chromosome is passed from father to son, and become useful in analysis of patrilineal 

lines.  

Process: STR markers on the Y chromosome are comparable are comparable to those on autosomal 

DNA, and may be analyzed to trace male lineage.  

Application: Useful for sexual assault case or genealogical investigation in tracing male relatives.  

4. Application of Genetics In Forensic Medicine: The use of genetics in forensic medicine has 

completely transformed the field and now enables the identification of individuals with greater 

precision, linking of suspects to certain crimes, and solution to complex cases.  

4.1.DNA Profiling: DNA analysis is very important in identifying perpetrators through biological 

samples collected from crime scenes, such as blood, hair or bodily fluids. This enables law 

enforcements to connect a suspect to a crime through genetic profiling.  

Cold Cases: Genetics has been crucial in solving cold cases where evidence collected some years 

back is re-analyzed using new DNA testing techniques. 

 Innocent Exoneration Wrongful Convictions: DNA typing has ensured exonerating the wrongful convict. New 

evidence, tested by high power genetic techniques can overturn a judgement.  

4.2 Identification of Human Remains: In the case of natural disasters, terrorist attacks or military 

conflicts, genetics can be used in identifying dead bodies when other methods are impossible. DNA 

Profiling can help families to identify missing loved ones by comparing DNA from remains with 

samples from relatives.  

4.3 Victim Identification in Sexual Assault Cases: This is the genetic works in being able to analyze 

biological samples from the victims of sexual assault and therefore help set in place a suspect’s guilt 

by the DNA comparison with the evidence.  

4.4Development of New Technologies: Next generation sequencing and related research in other 

genetic techniques are not only adding to the forensic medicine capabilities but new techniques have 

also improved the scope of genetic analysis that can be used for better identification of individuals in 

complex cases.  

Conclusion: Forensic medicine now allows the rising tide of genetics to enter investigations,  

providing an unprecedented accuracy in the identification of individuals or conclusions of cases. 

As technology and methodology advance, genetics in its application will only expand, carrying 

ethics, privacy and how one deals with data all along the way. These advances benefit law 

enforcement but enlarge the broader societal perspective about justice and accountability. 

5.  Challenges and Ethical considerations in forensic genetic analysis: Forensic genetics has literally 

changed the world of criminal investigation and victim identification but brings forward some 

enormous issues and ethical concerns.  

5.1 Privacy Issue: Individuals do not necessarily know what they have signed up for, especially when 

their DNA samples are taken for law enforcement purposes. The storing of genetic information is prone 

to data breaches or misuse of the information. It becomes crucial, therefore to maintain the privacy and 

confidentiality over the genetic information or individuals.  
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5.2 Genetic-Based Discrimination: Genetic information may be utilized against individuals in 

employment, insurance or other practices based on assumptions of criminality or other genetic 

conditions.  

5.3 Accuracy and Reliability: DNA testing generally reliable but sometimes a wrong result appears as 

DNA degradation or cross contamination. Some wrongful legal consequences may arise from 

misinterpretation of results. 

5.4 Ethical uses of Genetic Information: The rapid development of consumer DNA databases for 

criminal investigations raises significant concerns about people whose DNA was provided for personal 

reasons, without necessarily giving their consent for the information to be used in this way. 

6. Literature Review: Forensic medicine is at the nexus of science and law, employing several disciplines of 

science to help in legal investigation. Of all these, genetics has emerged as an important tool with the 

improvements in DNA profiling. DNA profiling in forensic analysis has revolutionized the science of forensic 

inquiry since its introduction late in 1980s. The technique primarily focuses on the polymorphism that exists 

within the mitochondrial DNA and nuclear DNA, particularly in short tandem repeats to establish identification 

or a relationship between family members.  

Mitochondrial DNA and Conventional DNA: It is used in forensic science and studies where degraded samples 

are found or the maternal lineage alone is a factor of interest. The DNA can be recovered from old or damaged 

samples are found or the maternal lineage alone is a factor of interest. The DNA can be recovered from old or 

damaged samples. Its recovery has been shown to be possible in historical inquiries and mass disaster victim 

identification. Comparison of mitochondrial and nuclear DNA analyses also highlights the contrast between 

tracing a genetic lineage and security.  

Legal and Ethical Considerations while genetics has perfected forensic techniques, it also throws out many 

significant legal and ethical issues. Privacy, potential misuse of the genetic material and the implication of 

resultant predictive genetic information need to be discussed and solved. Ethical frame works have to be 

developed in finding the perfect balance in relation to the benefit of advanced genetic techniques against 

individual rights, especially with regards to matters on consent and data protection.  

 7.Refrences: bnet, Achilli, Achilli, Vega A, Anderson, Andrews, Salas A, Bandelt, Bandelt, Bandelt, 

Bandelt, Bandelt, Bandelt, Chen, Chen, Chinnery, Chinnery, Coble, Cooper, Turnbull D, Fliss, Forster, 

Gattermann, Hagelberg, Hans-Jürgen Bandelt, Herrnstadt, Herrnstadt, Hibi, Hibi, Hochhauser, 

Imaizumi, Ingman, Jerónimo, Khrapko, Kirches, Kivisild, Kong, Kong, Liu, Nishikawa, Palanichamy, 

Petros, Polyak, Reddy, Richards, Rocha, Salas, Salas, Tully, Vega, Macaulay V, Wong, Wong, Yao, 

Yao, Yao, Yao, Yeh, Yao Y-G, Ángel Carracedo. (2005). A critical reassessment of the role of 

mitochondria in tumorigenesis. 'Public Library of Science (PLoS)', 

https://core.ac.uk/download/9359118.pdf (Accessed: 30 Oct, 2024). 

 Cole SA,. (2020). Individual and collective identification in contemporary forensics. eScholarship, 

University of California, https://core.ac.uk/download/323082704.pdf (Accessed: 30 Oct, 2024). 

 Bijlsma J, Ferracuti S, Meynen G, Tortora L, Tronci E,. (2020). Neuroprediction and A.I. in Forensic 

Psychiatry and Criminal Justice: A Neurolaw Perspective. 'Frontiers Media SA', 

https://core.ac.uk/download/323191898.pdf (Accessed: 30 Oct, 2024). 

 Haimes, Erica, Toom, Victor. (2014). Hidden in full sight: kinship, science and the law in the aftermath 

of the Srebrenica genocide. 'Informa UK Limited', https://core.ac.uk/download/41069578.pdf 

(Accessed: 30 Oct, 2024). 

 Stewart JA,. (2006). DNA, Data and Ethics. Heythrop College, https://core.ac.uk/download/55367.pdf 

(Accessed: 30 Oct, 2024). 

 CH B CH,B, Buckleton J ZM,B, Davoren J, Huffine E, Institute N of Justice PM,S. (2012). Theoretical 

value of the recommended expanded European Standard Set of STR loci for the identification of human 

remains. 'SAGE Publications', https://core.ac.uk/download/1441879.pdf (Accessed: 30 Oct, 2024). 

 Fracasso T, Pfeiffer H, Schmeling A, Wirth I,. (2024). From Deutsche Zeitschrift to International 

journal of legal medicine-100 years of legal medicine through the lens of journal articles, Part 4: 

http://www.ijcrt.org/


www.ijcrt.org                                                 © 2024 IJCRT | Volume 12, Issue 11 November 2024 | ISSN: 2320-2882 

IJCRT2411047 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org a421 
 

International journal of legal medicine from 1990 to 2022.. https://core.ac.uk/download/597771984.pdf 

(Accessed: 30 Oct, 2024). 

 Ayday, Erman, Clayton, Ellen W, Fellay, Jacques, Gunter, Carl A, Hubaux, Jean-Pierre, Malin, Bradley 

A, Naveed, Muhammad, Wang, XiaoFeng. (2015). Privacy in the Genomic Era. 

https://core.ac.uk/download/148015081.pdf (Accessed: 30 Oct, 2024). 

 Opeskin B, Weisbrot D, Breen K. (2024). Essentially yours: the protection of human genetic 

information in Australia. National Health and Medical Research Council, 

https://core.ac.uk/download/pdf/30672952.pdf (Accessed: 30 Oct, 2024). 

 Granja, Rafaela, Machado, Helena. (2020). Forensic genetics in the governance of crime. 'Springer 

Science and Business Media LLC', https://core.ac.uk/download/289102108.pdf (Accessed: 30 Oct, 

2024). 

  

 

http://www.ijcrt.org/

