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ABSTRACT:
KEYWORDS DNA profiling has emerged as one of the most transformative tools in modern science, significantly
DNAplioﬁllng, impacting criminal justice and public health. Its ability to identify individuals with unparalleled
crimina

¢ ial - precision has revolutionized investigative procedures, facilitated justice, and informed health strategies.
investigations, short  pegpise its profound benefits, DNA profiling intersects with complex ethical, legal, and philosophical
tandem repeats. questions, particularly in the realms of privacy, human rights, and the potential misuse of genetic
information. The evolution of DNA profiling technology, from its early applications in forensic science
to its expanded roles in disease prevention and personalized medicine, highlights its multifaceted utility.
In criminal investigations, DNA profiling aids in identifying perpetrators, exonerating the innocent, and
solving cold cases. However, its integration raises concerns about privacy, potential stigmatization, and
the erosion of the presumption of innocence. In public health, DNA profiling offers insights into genetic
predispositions and fosters advancements in precision medicine, yet it also poses challenges regarding
ethical use and equity.From a theoretical perspective, DNA profiling engages with criminological
frameworks such as Cesare Lombroso’s “born criminal” theory and modern understandings of
sociological and environmental determinants of crime. This interplay underscores the nuanced
relationship between biology and behaviour, challenging deterministic views of criminality.

This article examines the interrelation between criminal investigations, public health, and DNA
profiling, emphasizing the need for a balanced approach that maximizes benefits while mitigating risks.
It concludes by advocating for policies and practices that uphold ethical standards, protect individual
rights, and ensure the equitable application of DNA technologies.

Introduction

The intersection of science and societal needs has historically transformed methodologies in law
enforcement and public health. DNA profiling, a cornerstone of modern forensic science, epitomizes
this transformation.! Developed from foundational studies by James Watson and Francis Crick, and
later operationalized by Alec Jeffreys, DNA profiling has evolved from a niche forensic tool to a
widely utilized technology impacting diverse fields. Its application spans criminal investigations,
paternity disputes, disaster victim identification, and public health initiatives.?

DNA profiling’s efficacy lies in its ability to analyse unique genetic markers, enabling the
identification of individuals with extraordinary precision. Forensic applications leverage biological
samples such as blood, saliva, and hair to create DNA profiles, linking individuals to crime scenes or
excluding them from suspicion. This technology has redefined justice delivery, bolstering the
principles of fair trial and exoneration of the innocent, as seen in landmark cases like the Colin
Pitchfork investigation in the United Kingdom and the work of The Innocence Project in the United
States.>*Parallelly, DNA profiling’s implications for public health are profound. Genetic insights
enable early disease detection, personalized treatment, and population screening, aligning with
precision medicine’s goals. However, these advancements raise significant ethical questions about
privacy, equity, and the potential misuse of genetic data. Policies governing DNA databanks—
repositories of genetic information—often navigate the delicate balance between utility and individual
rights.>

Theories of crime further complicate the discourse. Early deterministic models, such as Cesare
Lombroso’s “born criminal” hypothesis, attributed criminal behaviour to biological predispositions.
Modern criminology integrates genetic, psychological, and environmental factors, presenting a more
nuanced understanding. DNA profiling, while offering unprecedented insights, risks reinforcing
outdated notions of biological determinism if misapplied.’

This article aims to unpack the multifaceted dimensions of DNA profiling, exploring its integration
into criminal investigations and public health while critically analysing its alignment with
criminological theories. Through this examination, it seeks to illuminate the potential of DNA
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profiling to advance societal goals while cautioning against ethical pitfalls and advocating for
responsible implementation.’

Concept of DNA Profiling '

DNA profiling, also known as genetic fingerprinting, is a scientific technique used to identify
individuals based on their unique genetic code. The foundation of DNA profiling lies in the discovery
of deoxyribonucleic acid (DNA) by James Watson and Francis Crick in 1953, followed by Alec
Jeffreys’ development of DNA fingerprinting in the 1980s. This process examines specific regions of
DNA known as short tandem repeats (STRs), which vary greatly among individuals, making them
ideal for identification purposes.The process of DNA profiling typically involves the collection,
extraction, amplification, and analysis of DNA. Biological samples such as blood, hair, saliva, or skin
cells are collected from a crime scene or an individual. The DNA is then extracted and amplified using
polymerase chain reaction (PCR) technology, which creates multiple copies of the DNA for analysis.
Once amplified, the DNA is analysed to identify STR patterns, which are compared against a
reference sample or a database.'!'?

Applications of DNA profiling extend beyond criminal investigations. In civil cases, DNA profiling
resolves paternity disputes and immigration claims. In mass disasters, it aids in identifying victims.
Additionally, advancements in genetic analysis have expanded its role to include ancestry tracing and
personalized medicine.Despite its precision, DNA profiling is not without limitations. Issues such as
contamination, partial profiles, and statistical misinterpretation can affect reliability. Ethical concerns
also arise regarding the collection and storage of DNA, particularly without consent. DNA databases,
while invaluable for solving crimes, pose risks of misuse and potential infringement on privacy rights.
Balancing the benefits of DNA profiling with its ethical and legal challenges remains a critical
concern for policymakers and practitioners.'?

DNA Profiling and Criminal Investigation

DNA profiling has become an indispensable tool in modern criminal investigations, significantly
enhancing the ability of law enforcement agencies to solve crimes, identify perpetrators, and
exonerate the innocent.The integration of DNA profiling into criminal investigations has
revolutionized law enforcement and judicial processes. Its unparalleled accuracy in identifying
individuals has made it a cornerstone of modern forensic science, providing critical evidence in cases
ranging from violent crimes to property offenses.!*!>

DNA profiling aids in solving crimes by linking suspects to evidence found at crime scenes.
Biological samples such as blood, semen, or hair can establish a suspect’s presence or absence. This
capability has been pivotal in cases such as the Colin Pitchfork murder investigation, where DNA
evidence led to the first criminal conviction using genetic profiling. Similarly, cold cases have been
solved by re-analysingold evidence with advanced DNA technologies.Exoneration of wrongfully
convicted individuals is another significant contribution of DNA profiling. Organizations like The
Innocence Project have leveraged DNA evidence to overturn convictions, freeing individuals who
spent decades in prison for crimes they did not commit. These cases underscore the technology’s role
in safeguarding justice. '¢

Key applications of DNA profiling in criminal investigations include: !’

¢ Matching Suspects to Crime Scenes: DNA evidence recovered from crime scenes can be
compared with DNA profiles from suspects. A match establishes a strong link between the
suspect and the crime.

e Identifying Unknown Perpetrators: DNA profiles from crime scenes can be searched
against DNA databases, potentially identifying perpetrators even if they are not initially
suspects.

e Linking Multiple Crimes: DNA evidence can connect seemingly unrelated crimes, revealing
serial offenders or establishing patterns of criminal activity.

¢ Exonerating the Wrongfully Convicted: DNA testing has played a crucial role in
overturning wrongful convictions, demonstrating the fallibility of eyewitness accounts and
other traditional forms of evidence.

¢ Cold Case Investigations: DNA evidence can provide new leads in cold cases, helping to
solve crimes that have remained unsolved for extended periods.
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However, the use of DNA profiling in criminal investigations raises critical ethical and legal
questions. The collection of DNA samples from arrestees, regardless of conviction status, challenges
the principle of presumption of innocence. Storing DNA profiles in databases, such as the FBI’s
CODIS, facilitates crime solving but also poses risks of misuse and discrimination.From a procedural
perspective, maintaining the integrity of DNA evidence is paramount. Issues such as contamination,
chain-of-custody lapses, and interpretative biases can undermine the credibility of DNA evidence in
court. Additionally, public perception of DNA as infallible—popularized by media portrayals—can
lead to the “CSI effect,” where jurors overestimate its reliability.

Addressing these challenges requires robust legal frameworks, stringent quality controls in forensic
laboratories, and public education about the strengths and limitations of DNA evidence. When
employed responsibly, DNA profiling enhances the pursuit of justice, making it an indispensable tool
in criminal investigations.'®

DNA Profiling and Public Health "’

Beyond its forensic applications, DNA profiling has significant implications for public health. By
analysing genetic information, researchers and healthcare providers can gain insights into disease
predispositions, inform preventive measures, and advance personalized medicine.

One of the primary public health applications of DNA profiling is genetic testing for disease
susceptibility. By identifying genetic markers associated with conditions such as cancer,
cardiovascular diseases, or neurological disorders, individuals can take proactive measures to mitigate
risks. For instance, the identification of BRCA1l and BRCA2 gene mutations enables early
intervention strategies for breast and ovarian cancer.Pharmacogenomics, the study of how genes affect
drug responses, represents another transformative application. DNA profiling helps tailor medical
treatments to an individual’s genetic makeup, improving efficacy and minimizing adverse effects.
This personalized approach to medicine has the potential to revolutionize healthcare delivery.

In population health, DNA profiling supports epidemiological studies by identifying genetic factors
contributing to disease prevalence in specific groups. This knowledge informs targeted public health
interventions and resource allocation. Additionally, DNA-based newborn screening programs have
been instrumental in detecting genetic disorders early, improving outcomes through timely treatment.
However, the integration of DNA profiling into public health is fraught with challenges. Ethical
concerns about genetic privacy, informed consent, and potential discrimination must be addressed.
The equitable distribution of benefits from genetic advancements is another critical issue, as access to
DNA-based healthcare may be limited by socioeconomic factors.

To maximize the benefits of DNA profiling in public health, it is essential to establish regulatory
frameworks that protect individual rights while promoting scientific innovation. Public engagement
and education are also crucial in fostering trust and understanding of genetic technologies.

DNA Profiling and Theories of Crime 2°

The relationship between DNA profiling and criminological theories provides a fascinating lens to
examine the biological, psychological, and social dimensions of crime. Historical theories, such as
Cesare Lombroso’s “born criminal” hypothesis, posited that criminality was Dbiologically
predetermined. While these deterministic views have been largely discredited, the advent of DNA
profiling rekindles debates about the biological underpinnings of criminal behaviour.Modern
criminology integrates biological factors with environmental and sociological influences. Research
into genetic predispositions suggests that certain genetic variations may increase susceptibility to
impulsive or aggressive behaviour. However, these tendencies are mediated by environmental factors
such as upbringing, social context, and individual experiences.The ethical implications of linking
genetics to criminality are profound. Misinterpreting genetic data risks stigmatizing individuals or
groups, reinforcing stereotypes, and perpetuating discrimination. Such misapplications echo
Lombroso’s flawed theories, emphasizing the need for caution and nuanced interpretation of genetic
findings.?!

DNA profiling also intersects with psychological and sociological theories of crime. Behavioural
genetics explores how genetic predispositions interact with environmental triggers to influence
criminal behaviour. Understanding these dynamics can inform rehabilitative strategies and crime
prevention policies, moving beyond punitive approaches to address root causes.By integrating insights
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from multiple disciplines, DNA profiling enriches the understanding of crime while highlighting the
complexities of human behaviour. Responsible application of this knowledge can contribute to a more
just and effective criminal justice system.??

DNA Profiling, Criminal Investigation and Public Health — Interrelation
DNA profiling’s impact on criminal investigations and public health illustrates its transformative
potential across domains. These applications are interconnected, reflecting broader implications for
society.In criminal investigations, DNA profiling enhances justice delivery by identifying
perpetrators, exonerating the innocent, and deterring crime through the existence of genetic databases.
In public health, it advances personalized medicine, informs disease prevention, and supports
population health initiatives. Both domains share a reliance on the accuracy, integrity, and ethical use
of genetic information.”
The interrelation is evident in cases where public health data supports criminal investigations. For
example, DNA collected during public health screenings has occasionally been used in criminal
probes, raising questions about consent and the scope of data use. Balancing publicsafety with
individual rights requires clear policies delineating permissible uses of genetic
information.Additionally, the ethical considerations surrounding DNA profiling are shared across
domains. Privacy concerns, the risk of misuse, and the need for equitable access to benefits are central
to both criminal justice and public health. Collaborative efforts among scientists, ethicists,
policymakers, and the public are essential in addressing these challenges.
By fostering dialogue and implementing safeguards, society can harness the potential of DNA
profiling while upholding ethical standards and protecting individual rights. The interplay between
criminal investigations and public health underscores the need for a holistic approach to genetic
technologies, ensuring they serve as tools for progress and justice.* !
Conclusion
DNA profiling stands at the intersection of science, law, and ethics, offering unprecedented
opportunities to advance criminal justice and public health. Its ability to identify individuals with
precision has transformed investigative procedures, facilitated justice, and informed healthcare
strategies. However, the integration of DNA profiling into these domains requires careful
consideration of ethical, legal, and societal implications.
The evolution of DNA profiling reflects its versatility and potential. In criminal investigations, it has
enhanced the accuracy of convictions, supported the exoneration of the innocent, and provided a
powerful deterrent against crime. In public health, it has informed disease prevention, enabled
personalized medicine, and contributed to population health research. These advancements underscore
the technology’s utility and relevance in addressing societal challenges.Yet, the ethical complexities of
DNA profiling demand vigilance. Issues of privacy, consent, equity, and potential misuse necessitate
robust regulatory frameworks and ongoing public engagement. The risk of reinforcing outdated
notions of biological determinism highlights the importance of integrating scientific advancements
with nuanced understanding and ethical principles.The intersection of criminal investigations, public
health, and DNA profiling illustrates the interconnectedness of societal domains. By fostering
interdisciplinary collaboration and promoting ethical practices, society can maximize the benefits of
DNA profiling while safeguarding individual rights and societal values.
In the era of navigating the promises and perils of genetic technologies, a balanced approach that
prioritizes justice, equity, and innovation is essential. DNA profiling, when employed responsibly, has
the potential to not only solve crimes and save lives but also to advance our understanding of
humanity and our collective potential for progress.
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