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Article Info Abstract
Genetic editing technologies, particularly CRISPR-Cas systems, have advanced

rapidly, offering unprecedented possibilities to modify DNA with precision. These
capabilities hold transformative potential in medicine, agriculture, and environmental
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the distinction between somatic and germline editing, the principle of informed
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Page No: 01-06 alter heritable traits and affect future generations. Ethical analysis also draws on

frameworks such as utilitarianism, which weighs potential benefits against risks;
deontological ethics, which emphasizes duties and moral rules; virtue ethics, focusing
on the moral character of scientists; and justice-based approaches, which address
fairness and access. International governance is fragmented, with some nations
imposing strict prohibitions while others adopt permissive stances, leading to calls for
a global consensus on acceptable practices. Issues of "designer babies,” genetic
enhancement, and potential misuse for eugenics amplify public concern, making
transparent dialogue between scientists, ethicists, policymakers, and communities
crucial. Cultural perspectives further influence what is considered morally acceptable,
underscoring the need for context-sensitive regulation. Future ethical frameworks
must also account for emerging technologies such as base editing and gene drives, as
well as the growing role of artificial intelligence in genetic research. By embedding
precautionary principles, fostering public engagement, ensuring equitable access, and
enforcing robust oversight, the global scientific community can harness genetic
editing’s  benefits while safeguarding human dignity, biodiversity, and
intergenerational rights. The development of coherent, adaptable, and enforceable
ethical frameworks is not merely a regulatory necessity but a moral imperative to guide
humanity through one of the most consequential frontiers in science.
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Introduction
The development of CRISPR-Cas9 and related genetic editing technologies has ushered in a new era of precision medicine,
offering unprecedented capabilities to modify human genes with remarkable accuracy and efficiency X2,
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These technologies hold immense therapeutic promise for
treating genetic disorders, cancers, and infectious diseases,
potentially alleviating suffering for millions of patients
worldwide Bl However, the power to precisely edit the
human genome also raises profound ethical questions about
the nature of human identity, the limits of medical
intervention, and our responsibilities to future generations
51, The ethical landscape surrounding genetic editing is
complex and multifaceted, involving considerations of
individual autonomy, social justice, human dignity, and the
precautionary  principle . Traditional  bioethical
frameworks, developed for conventional medical
interventions, must be reexamined and potentially expanded
to address the unique challenges posed by genetic editing
technologies 1. The permanent and potentially heritable
nature of genetic modifications introduces temporal
dimensions of responsibility that extend far beyond typical
medical treatments (€1,

Recent controversies, including the announcement of
genetically edited babies in 2018, have highlighted the urgent
need for robust ethical frameworks and international
governance mechanisms [* 19, The scientific community's
response to these events has emphasized the importance of
ethical reflection, public engagement, and responsible
research practices in genetic editing research [*4,

The distinction between somatic and germline editing
represents a fundamental ethical divide, with somatic
modifications affecting only the individual patient while
germline changes can be passed to future generations 12,
Similarly, the therapeutic-enhancement distinction raises
questions about the appropriate goals of genetic intervention
and the potential for creating or exacerbating social
inequalities (31,

Theoretical Ethical Frameworks

Consequentialist Approaches

Consequentialist ethics, particularly utilitarianism, evaluates
genetic editing based on its outcomes and overall
consequences for human welfare [*4. From this perspective,
genetic editing interventions are ethically justified if they
produce a net positive benefit in terms of reducing suffering,

improving health outcomes, or enhancing human capabilities
[15]

Utilitarian analysis supports therapeutic genetic editing when
it can prevent or cure serious genetic diseases, as the benefits
to patients and families clearly outweigh the risks (61, The
framework also supports research that advances our
understanding of genetic diseases and develops safer, more
effective treatments 11, However, utilitarian calculations
become more complex when considering germline editing, as
the benefits and risks extend across generations and affect
individuals who cannot consent to the interventions 1€,

The utilitarian approach to genetic enhancement focuses on
whether such interventions increase overall human
flourishing and well-being [*°l. Proponents argue that genetic
enhancements that improve cognitive abilities, physical
health, or emotional regulation could benefit both individuals
and society [, Critics contend that enhancement could
exacerbate social inequalities and undermine human diversity
and authenticity 2%,

Cost-benefit analyses within consequentialist frameworks
must consider not only direct medical outcomes but also
broader social effects, including impacts on healthcare
systems, social cohesion, and intergenerational justice [,
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The global distribution of benefits and burdens from genetic
editing technologies raises important questions about justice
and access that consequentialist ethics must address 21,

Deontological Perspectives

Deontological ethics, rooted in Kantian philosophy,
emphasizes moral duties and the inherent rightness or
wrongness of actions regardless of their consequences 24,
This framework raises several concerns about genetic editing,
particularly regarding human dignity, autonomy, and the
categorical imperative [,

The principle of human dignity, central to deontological
ethics, suggests that genetic editing must respect the inherent
worth and value of human beings 6. Some deontological
arguments oppose genetic enhancement on the grounds that
it treats human beings as objects to be improved rather than
respecting their intrinsic dignity 7. However, others argue
that genetic editing for therapeutic purposes upholds human
dignity by addressing suffering and promoting human
flourishing 281,

Autonomy represents another crucial deontological concern,
particularly regarding consent for genetic modifications 2,
Adult patients can provide informed consent for somatic
genetic editing, but germline modifications affect future
generations who cannot consent to these changes %, This
raises fundamental questions about intergenerational
autonomy and the rights of future persons 4.,

The universalizability principle of Kantian ethics requires
that moral actions be universally applicable 21, Applied to
genetic editing, this suggests that interventions should be
evaluated based on whether we could will everyone to have
access to such modifications and whether universal
implementation would be desirable [,

Deontological analysis also considers whether genetic editing
respects persons as ends in themselves rather than merely as
means [, Enhancement modifications might be criticized for
treating individuals as projects to be optimized rather than
respecting their inherent worth and agency [,

Virtue Ethics Framework

Virtue ethics focuses on moral character and the cultivation
of virtues such as prudence, justice, temperance, and
compassion in decision-making about genetic editing [,
This approach emphasizes the character and motivations of
researchers, clinicians, and policymakers involved in genetic
editing rather than focusing solely on rules or consequences
1371

Prudence or practical wisdom represents a central virtue in
genetic editing decisions, requiring careful consideration of
benefits, risks, and uncertainties [8. Virtuous decision-
making involves acknowledging the limits of current
knowledge  while  pursuing  potentially  beneficial
interventions responsibly B9 The virtue of humility is
particularly relevant given the complexity of genetic systems
and the potential for unintended consequences 147,

Justice as a virtue requires fair distribution of genetic editing
benefits and burdens across different populations and
generations . This includes ensuring that genetic editing
technologies do not exacerbate existing health disparities or
create new forms of discrimination 3. Global justice
considerations emphasize the need for equitable access to
genetic editing therapies and collaborative international
research efforts (31,

Compassion motivates genetic editing research and
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applications aimed at alleviating human suffering from
genetic diseases 4. However, virtue ethics also emphasizes
the importance of respecting human diversity and avoiding
interventions motivated by prejudice or discrimination
against individuals with disabilities %1,

The virtue of integrity requires honesty and transparency in
genetic editing research, including accurate communication
of risks and benefits to patients and the public [“81, This virtue
is particularly important given the public's limited
understanding of genetic editing technologies and the

potential for misuse or misrepresentation of research findings
[47]

Principlism Approach

The four principles of biomedical ethics—autonomy,
beneficence, non-maleficence, and justice—provide a widely
used framework for analyzing genetic editing ethical issues
481, This approach offers a practical method for identifying
and balancing competing ethical considerations in specific
cases [,

Autonomy in genetic editing requires respect for patients'
rights to make informed decisions about genetic
modifications %, This includes providing comprehensive
information about risks, benefits, alternatives, and
uncertainties associated with genetic editing interventions
Bl Challenges arise with germline editing, where future
generations cannot provide consent, and with pediatric
applications where parents make decisions for children 2,
Beneficence obligates researchers and clinicians to promote
patient welfare through genetic editing interventions 53, This
principle supports therapeutic genetic editing when it offers
significant benefits for treating serious diseases >4, However,
beneficence also requires careful risk-benefit analysis and
consideration of alternative treatments [,

Non-maleficence demands avoiding harm through genetic
editing interventions B¢l This principle is particularly
challenging given the potential for off-target genetic effects,
long-term consequences that may not be apparent
immediately, and the irreversible nature of many genetic
modifications [71. The precautionary principle suggests
proceeding cautiously when risks are uncertain or potentially
severe [58],

Justice requires fair distribution of genetic editing benefits
and burdens across different populations . This includes
addressing concerns about access to expensive genetic
therapies, avoiding discrimination against individuals with
genetic conditions, and ensuring that research includes
diverse populations [,

Somatic versus Germline Editing Ethics

The ethical distinction between somatic and germline genetic
editing represents one of the most significant divides in the
field 1, Somatic editing affects only the treated individual
and is generally viewed as ethically similar to other medical
interventions, while germline editing creates heritable
changes that affect future generations (62,

Somatic genetic editing enjoys broader ethical acceptance
because it respects individual autonomy, can be subject to
informed consent, and does not raise concerns about effects
on future generations 3. Clinical trials of somatic genetic
editing for conditions such as sickle cell disease and certain
cancers have demonstrated therapeutic benefits with
acceptable risk profiles 64,

Germline editing raises more complex ethical issues due to
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its permanent and heritable effects %31, Concerns include the
inability to obtain consent from affected future generations,
potential risks to embryos and fetuses, and broader social
implications of heritable genetic modifications [°¢l. However,
some argue that germline editing could prevent serious
genetic diseases and reduce overall suffering across
generations [¢7],

The scientific uncertainty surrounding germline editing adds
another layer of ethical complexity (68). Current knowledge
of genetic interactions, epigenetic effects, and long-term
consequences remains limited, making risk-benefit
calculations particularly challenging °l. Many international
organizations have called for moratoria on germline editing
until safety and efficacy can be better established [,

Therapeutic versus Enhancement Distinction

The distinction between therapeutic and enhancement
applications of genetic editing has significant ethical
implications, though the boundary between these categories
is often unclear ", Therapeutic editing aims to treat or
prevent disease, while enhancement seeks to improve normal
human capabilities beyond typical ranges "2,

Therapeutic genetic editing generally receives stronger
ethical support because it addresses medical needs and
alleviates suffering [, Examples include correcting
mutations that cause genetic diseases, enhancing immune
system responses to cancer, or preventing HIV infection 741,
The therapeutic imperative provides strong ethical
justification for developing and applying genetic editing
technologies to address serious medical conditions [,
Enhancement applications are more ethically controversial
because they raise questions about human nature, social
justice, and the appropriate goals of medicine "¢l Potential
enhancements might include increasing intelligence,
improving physical performance, or extending lifespan
beyond normal ranges /. Critics argue that enhancement
could create unfair advantages, undermine human dignity, or
lead to discrimination against unenhanced individuals [,
The therapeutic-enhancement distinction is complicated by
the fact that many genetic modifications could serve both
purposes depending on context [, For example, genetic
modifications that enhance disease resistance in healthy
individuals might be considered therapeutic in disease-prone
populations %, Similarly, cognitive enhancements might be
therapeutic for individuals with intellectual disabilities but
enhancement for typical individuals 81,

Consent and Vulnerable Populations

Informed consent represents a cornerstone of ethical genetic
editing, but several factors complicate its application in this
context 2, The complexity of genetic editing technologies,
uncertainty about long-term effects, and potential impacts on
family members create challenges for traditional consent
processes (31,

Pediatric genetic editing raises particular consent concerns
because children cannot provide informed consent for
potentially life-altering genetic modifications 4. Parents
typically make medical decisions for their children, but
genetic editing may have implications that extend far beyond
typical medical treatments [8%1. Some argue that parents have
obligations to provide their children with the best possible
genetic endowment, while others contend that genetic editing
represents an inappropriate level of control over children's
lives [66],
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Germline editing presents unique consent challenges because
it affects individuals who do not yet exist and cannot
participate in the decision-making process [©71. Some
philosophers argue that we have obligations to future
generations to prevent genetic diseases or provide genetic
advantages, while others contend that we cannot consent on
behalf of future persons (8],

Vulnerable populations, including those with disabilities,
minority communities, and economically disadvantaged
groups, require special consideration in genetic editing
research and applications . Historical abuses in medical
research and ongoing health disparities highlight the
importance of protecting vulnerable populations from
exploitation while ensuring they have access to potential
benefits (0,

Conclusion

The ethical landscape of genetic editing is complex and
evolving, requiring careful consideration of multiple moral
frameworks and  stakeholder  perspectives.  While
consequentialist, deontological, virtue ethics, and principlism
approaches each offer valuable insights, no single framework
provides complete guidance for all ethical dilemmas in
genetic editing.

The distinction between somatic and germline editing
represents a fundamental ethical divide, with somatic
modifications generally receiving greater acceptance due to
their individual rather than intergenerational effects.
Similarly, therapeutic applications enjoy stronger ethical
support than enhancement applications, though the boundary
between these categories is often unclear.

Effective ethical frameworks for genetic editing must address
issues of consent, justice, and human dignity while remaining
flexible enough to adapt to technological advances and
evolving social values. International cooperation, public
engagement, and ongoing ethical reflection will be essential
for developing governance mechanisms that promote
beneficial applications while preventing harmful uses of
genetic editing technologies.

The future of genetic editing ethics will likely require new
approaches that integrate traditional bioethical principles
with considerations of global justice, environmental
sustainability, and human flourishing across generations. As
these technologies continue to develop, maintaining a
balance between scientific progress and ethical responsibility
will be crucial for realizing their potential benefits while
protecting fundamental human values.
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