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Abstract

This study analyzes genomic and algorithmic data governance in Iran and
the European Union, focusing on its implications for cyber-biosecurity and
risks associated with emerging technologies. The research question is how
differences in legal frameworks, institutional quality, and data governance
patterns produce varying levels of cyber-biosecurity and control over
intelligent biotechnology threats. The study hypothesizes that the European
Union, due to strong regulatory institutions and stringent legal regimes,
achieves higher cyber-biosecurity, whereas Iran, lacking a coherent data
governance architecture and integration between biological and cyber
policymaking, faces greater limitations in risk control. Using a descriptive-
analytical method and comparative approach, the research draws on global
governance, international technology regimes, and relational biosecurity
theories. Findings show that the European Union benefits from coordinated
multilevel regulation, comprehensive data protection rules, and greater
resilience against cyber-biological threats, while serving as an international
standard-setting actor. In contrast, lran’s data governance remains
fragmented and institution-centered, with limitations in integrated
regulation, secure data infrastructure, and participation in transnational
regulatory networks. The study concludes that genomic data governance
requires coherent institutional architecture, binding rules, standardized
protection mechanisms, stronger integration of biological and cyber
policymaking, enhanced regulatory capacity, and engagement with
international technology regimes.
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Extended Abstract

Introduction: The rapid convergence of biotechnology, artificial intelligence, and
big data has created a new category of strategic resources known as genomic and
algorithmic data. These resources include human genetic information and the
algorithms and computational models used to process and interpret it. Their
applications in precision medicine, drug development, public health, biosecurity, and
socioeconomic policymaking have made their protection and governance major
concerns of contemporary technology governance. The increasing use of artificial
intelligence in biological data analysis has also contributed to the emergence of
cyber-biosecurity, a field characterized by the growing interdependence of digital
infrastructures, data systems, and biological technologies. Consequently, threats may
take hybrid forms, including cyberattacks against genomic databases, manipulation
of biological information, and malicious exploitation of biological algorithms.
Governments and international organizations have therefore sought to regulate
biological and algorithmic data through legislation, regulatory institutions, and
technical standards. The European Union has become a leading actor in this field
through the General Data Protection Regulation (GDPR), cybersecurity policies, and
artificial intelligence governance. Iran, despite scientific progress in biotechnology
and artificial intelligence, continues to face challenges involving institutional
coordination, comprehensive data protection, and integration of biological and cyber
policies. This study therefore compares genomic and algorithmic data governance in
Iran and the European Union to determine how differences in legal frameworks,
institutional capacities, and governance models affect cyber-biosecurity and
technological risk management.

Research Question: How do differences in institutional architecture, legal
frameworks, technical infrastructures, and international engagement shape genomic
and algorithmic data governance and cyber-biosecurity in Iran and the European
Union?

Research Hypothesis: The study hypothesizes that stronger institutional
coordination, comprehensive legal protection, secure data infrastructures, and deeper
international engagement produce more coherent genomic and algorithmic data
governance and consequently higher levels of cyber-biosecurity. Therefore, the
European Union is expected to demonstrate greater regulatory coherence and
technological resilience than Iran.

Methodology and Theoretical Framework: This study employs a descriptive-
analytical approach and a comparative research method. Data were collected through
qualitative analysis of national laws and regulations, policy documents, reports
issued by international organizations, academic articles, and other scholarly sources.
Iran and the European Union were compared across four dimensions: institutional
architecture, legal frameworks, data infrastructures, and international interaction.
The theoretical framework is based on technology governance and cyber-biosecurity
perspectives, which view security as an interconnected outcome of legal,
institutional, technical, and transnational arrangements. This framework makes it
possible to assess how governance capacity affects the protection of sensitive
biological and algorithmic information and the management of risks created by
technological convergence.

Research Findings: The findings reveal substantial differences between Iran and
the European Union across institutional, legal, infrastructural, and international
dimensions. Institutionally, the EU has developed a multilayered and coordinated
governance system involving national regulatory authorities and supranational
bodies such as the European Data Protection Board. This structure promotes
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harmonized policymaking, oversight, and enforcement. Iran, by contrast, relies on
fragmented institutional arrangements in which health, information technology, and
security organizations share responsibilities, while coordination remains limited.
Such fragmentation can obstruct unified standards and comprehensive risk
management.

Legally, the EU benefits from a relatively comprehensive and stringent data
protection regime. The GDPR establishes clear requirements for collecting,
processing, and transferring personal data, including genomic information, while
strengthening privacy, accountability, and organizational responsibility. Iran lacks
an equally integrated legal framework; relevant provisions remain dispersed across
sectoral laws, regulations, and guidelines. This fragmentation creates difficulties in
protecting sensitive information and regulating genomic and algorithmic analysis.
Technically, the EU has invested substantially in secure data infrastructures,
including biobanks, advanced data centers, high-performance computing systems,
and collaborative research platforms. These infrastructures support secure storage,
processing, and analysis while incorporating stronger cybersecurity standards. Iran
possesses significant scientific capabilities in biotechnology and genomics, but its
infrastructures remain comparatively less mature, particularly regarding security
standards, computational capacity, and system integration. These limitations can
increase vulnerabilities and constrain the effective use of genomic and algorithmic
resources.

Internationally, the EU plays an active role in shaping global data governance and
emerging technology standards. Its policies have influenced international approaches
to data protection and ethical technology use, strengthening its position as a standard-
setting actor. Iran has more limited participation in transnational regulatory networks
and international technology regimes, potentially reducing opportunities for
scientific cooperation, regulatory learning, knowledge transfer, and access to
collaborative mechanisms. Overall, the findings support the hypothesis that
institutional coherence, legal comprehensiveness, infrastructural capacity, and
international — engagement significantly influence cyber-biosecurity and
technological resilience.

Conclusion: The comparative analysis demonstrates that effective governance of
genomic and algorithmic data requires the simultaneous coordination of institutional,
legal, technical, and international dimensions. The European Union has developed a
relatively coherent governance system because of its comprehensive legal
framework, independent regulatory institutions, advanced data infrastructures, and
active international engagement. This system supports privacy and security while
facilitating scientific research and technological innovation. Iran, despite
considerable scientific capabilities in biotechnology and artificial intelligence, faces
persistent governance challenges arising from institutional fragmentation,
incomplete data protection legislation, and limitations in secure data infrastructure.
To strengthen cyber-biosecurity, Iran should improve coordination among relevant
institutions, establish comprehensive and transparent data protection regulations,
develop secure and interoperable data infrastructures, and strengthen mechanisms
for accountability and oversight. Greater participation in international scientific and
regulatory networks could additionally support knowledge transfer, technical
standardization, and institutional learning. More broadly, the governance of
biological data cannot be addressed solely through national policies because
technological risks increasingly cross institutional and territorial boundaries.
Effective cyber-biosecurity therefore requires closer integration of biological and
cyber policies, coherent institutional architecture, transparent legal rules, resilient
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infrastructures, and constructive international cooperation. Such measures can
reduce vulnerabilities, improve technological resilience, and enable responsible
innovation while protecting sensitive genomic and algorithmic resources. These
reforms should also prioritize ethical principles, including informed consent,
proportionality, purpose limitation, transparency, and equitable access to
technological benefits. Clear standards for data ownership, cross-border transfer,
algorithmic accountability, and incident reporting would further strengthen trust
among citizens, researchers, institutions, and international partners. Consequently,
integrated governance can transform genomic and algorithmic data from security
vulnerabilities into responsibly managed strategic assets.

Keywords: Genomic Data Governance, Cyber-Biosecurity, Technology Regimes,
Artificial Intelligence, Data Protection.
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