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EXPANSION OF APPLIED GENOMICS IN VARIOUS FIELDS
URGES THE SETTING OF A LEGAL FRAMEWORK AND
ETHICAL GUIDELINES

Scientific discoveries and technological advancements
have brought genomics into various spheres of modern
society. Applied genomics significantly affected health
care, biosafety, forensics, biotechnology, veterinary medi-
cine, biodiversity, agriculture, information sciences, legisla-
ture, and other areas. However, applied genomics is char-
acterized by the complexity of underlying technology, the
abundance of information on genomic readouts, educa-
tional challenges, and ethical concerns stemming from the
insights into the most intimate characteristics that biologi-
cally define an individual. Due to all this, there is an urgent
need for immediate actions by concerned stakeholders to
create rules and regulations for implementation of genom-
ics in various fields of its applications and pave the way for
its future development.

The Applied Genomic Committee of the Croatian Acad-
emy of Sciences and Arts formed working groups of lead-
ing Croatian experts to create a strategy that would fa-
cilitate the implementation of genomics in Croatia in the
fields of biomedicine, biosafety and biosecurity, forensic
medicine, biotechnology and bioinformatics, and com-
putational biology with a special focus on ethical issues.
As a result, the Croatian Academy of Sciences and Arts
created and adopted a document entitled Applied Ge-
nomic Strategy for Croatia (1).
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BIOMEDICINE

Identification of pathological gene variants (2-5), altera-
tions in gene expression in human diseases (6-8), and
studies of DNA structure (9,10) have been in the focus of
researchers for a long time. Next-generation sequencing
has opened new possibilities for identifying pathogenic
gene variants (11). The section “Biomedicine” in the Strat-
egy focuses on new fields of medicine that have arisen
from applied genomics, such as pharmacogenomics and
personalized/precision medicine (12-14). Next-generation
sequencing, as the cornerstone of applied genomics, is be-
coming an important tool in the research and diagnostics
of various diseases, such as cancer (15,16), rare diseases
(17), and infectious diseases (18). The “Biomedicine” section
also deals with the education of experts in genomic medi-
cine (19,20), the integration between clinical practice and
research, and the necessity of establishing a national cen-
ter for genomics and legislature. Better collaboration be-
tween clinical and research institutions in genomics would
result in multiple benefits in both areas, including faster
implementation of personalized medicine, chance for pro-
fessional growth, increased motivation and performance
of experts, improved scientific outputs, and better tech-
nology transfer. The national center would foster the train-
ing of experts in the field of applied genomics in biomedi-
cine. It would provide consultation services and facilitate
technology transfer to smaller laboratories across Croatia.
It is vital that institutions and experts in applied genom-
ics in Croatia become part of European projects like 1+
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Million Genomes, or infrastructure networks. One of such
networks is the Elixir (https://elixir-europe.org/platforms),
which is an important platform for sharing bioinformatics
tools, training programs, and establishing contact with in-
ternational experts. The Strategy encourages an interdis-
ciplinary approach to applied genomics in biomedicine,
especially in diagnostics and inclusion of different bio-
medical professions, such as medical doctors with relevant
specializations, experts in biomedical technology, bioinfor-
matics scientists, biomedical mathematicians, and tech-
nical personnel. There is a need to follow good practices
and a legal framework produced by the European Union,
which defines the specific roles in such teams.

BIOSAFETY AND BIOPROTECTION

Topics related to dangers associated with pandemics, bio-
terrorism, and natural disasters are addressed in the sec-
tion“Biosafety and Bioprotection.” Valuable lessons learned
from the COVID-19 pandemic were taken as a starting
point for the preparation of mitigation measures for a po-
tential similar future pandemic (21,22). Critical roles were
played by Dr Fran Mihaljevi¢ University Hospital for Infec-
tious Diseases in Zagreb, as the reference center for in-
fectious diseases of the Republic of Croatia, and Dubrava
University Hospital, as the COVID-19 hospital. The strategy
promotes a multidisciplinary scientific, health care, and
academic approach in dealing with applied genomics in
biosafety and bioprotection. Croatia has an important role
in defense against intentional or unintentional biological
threats in warfare on the European continent due to its
European Union and NATO membership and an impor-
tant geopolitical and strategic position. The critical aspect
of protecting its citizens from chemical, biological, radio-
active, and nuclear weapons lies in the readiness to plan
and act before, during, and after such incidents, includ-
ing plans for evacuation and mass casualties. It is urgent
to constitute Rapidly Deployable Outbreak Investigation
Teams (RDOIT) and a team for intensive treatment of crit-
ical patients together with relevant hospital and labora-
tory infrastructure. The basic guidelines for creating the
Biosafety and Bioprotection Strategy in the Republic of
Croatia were made according to the Homeland Security
System Act. Objectives include creating a network of in-
stitutions for the defense against bioterrorism and natural
biological disasters, advancing their infrastructure capaci-
ties, training of personnel, defining funding and creating
sustainability, promoting cooperation with relevant inter-
national institutions, and creating plans and responsibili-
ties in the event of quarantine diseases.

FORENSIC GENOMICS

Forensic genomics is a rapidly growing field that employs
multiple approaches, including sequencing mitochondrial
and nuclear DNA to identify individuals (23-27). The Strat-
egy contains a section called “Forensic Genomics” that fo-
cuses on important issues in applied genomics in Croatia,
including the identification of victims of Homeland War in
Croatia, implementation of new technologies, cooperation
among relevant institutions, international collaboration,
education of experts and building teams, data exchange,
ethical principles, and development of legal framework.
This section focuses explicitly on the latest advancements
of many new technologies and elaborates on the necessity
to stimulate collaboration among institutions concerned
with forensics.

To retain one of the leading positions in forensic genomics,
Croatia must actively develop and apply additional new
technologies in the field, which should be systematically
integrated and joined with already routinely used proce-
dures, such as next-generation sequencing, forensic phe-
notyping, forensic plant and animal DNA analyses, artificial
intelligence, molecular autopsy, etc.

The development of all these new methods will also sig-
nificantly help continue the most important mission of
Croatian society — identifying Homeland War victims and
applying forensic genomics according to the highest ethi-
cal standards.

The interdisciplinary approach and interaction between
scientific/academic institutions and official forensic gov-
ernmental institutions are paramount for the successful
application of forensic genomics. Additionally, coopera-
tion with leading international forensic institutions is nec-
essary since international crime, human trafficking, bioter-
rorism, etc, cannot be effectively combated without data
exchange. Future education in this field should be focused
on the most advanced training of crime scene and labo-
ratory experts. Only in this way, the Croatian Forensic Ge-
nomics Society will be able to provide all required infor-
mation to investigative and judicial bodies, as well as to
maintain the highest international ranking that Croatian
scientists have reached in this scientific field.

ETHICAL PRINCIPLES OF APPLIED HUMAN GENOMICS

Genetic testing data may result in various forms of
discrimination against the affected individual and
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his or her family. This is especially true for wide genomic
analyses that may discover secondary findings or acciden-
tal gene variants that increase the likelihood of a disease
occurring in the descendants of an individual who may
have a mild form of the disease or not have the disease
at all (28,29). The working group on ethical concerns in
applied genomics identified several key issues that need
to be considered in applied genomics, especially follow-
ing whole-genome analyses, which agrees with previ-
ously published documents (30-33). The most important
current ethical principles that need to be followed in ap-
plied genomics are based on the general principles of hu-
manity, freedom, and autonomy of the individual in de-
cision-making, equality, solidarity, social justice, the right
to privacy, responsibility, security, knowledge, the right to
information, and general respect for human rights. These
principles lie beyond scientific and technological capabili-
ties and reach. Applied genomics procedures ought to be
accessible to everyone and may be carried out only for
medical or scientific purposes. Human genome modifi-
cation procedures may only be conducted for preventive
and therapeutic purposes so that the altered genes are
not passed on to the offspring. Cloning or creating geneti-
cally identical humans is considered ethically unaccept-
able and neither is creating beings from different types
of living creatures that include parts of human genes.
Only trained and certified experts in accredited laborato-
ries and institutions may conduct procedures in the field
of genomics. Anyone who suspects a violation of ethical
principles in applied genomics should report the informa-
tion to the competent authorities. Therefore, continuous
wide public debate on the matter is of common interest
and should be firmly encouraged.

BIOTECHNOLOGY

Modern biotechnology is one of the leading technologies
of the 21st century, providing bio-based commodities, ser-
vices, and, most importantly — knowledge, with two essen-
tial consequences for humankind: preserving biodiversity
and improving the quality of life (34-37). Innovative and in-
tegrated biotechnologies have inevitably readjusted into
biorefineries (38) and beyond, diffused in bioeconomy
and circular economy, and thus tackled key challenges of
contemporary society — climate change, health care, and
geopolitical events. Therefore, the "Biotechnology” section
of the Strategy distinguishes all stakeholders of modern
society, which is of utmost importance especially in cri-
ses, as we have learned recently during the COVID-19
pandemic. Novel biotechnological products and
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services, especially in health care, are to be applied only
when clearly and unambiguously defined by law and after
consideration of ethical and moral issues. Thematic areas
of modern biotechnology (agroecology, food production,
and supply systems, the forest value-added chains, man-
agement of freshwater and marine coastal resources, bio-
energetics, advanced biochemicals, pharmaceuticals and
biomaterials, and education in the field of biotechnology)
clearly depict the status of available resources and new di-
rections of their multiple utilization with zero waste.

BIOINFORMATICS AND COMPUTATIONAL BIOLOGY

Although listed as the last, the “Bioinformatics and Com-
putational Biology” section is the key segment and a bot-
tleneck in applied genomics due to the critical shortage
of such experts in Croatia. One of the important objec-
tives of experts in bioinformatics and computational biol-
ogy is to create important tools for various forms of big
data analyses produced by different “omics” approaches
(39,40). As in other countries, data sharing and safeguard-
ing are crucial for maximizing the exploitation of genomic
data in Croatia (41). Sequencing technology has altered
the approach to scientific work in the natural sciences,
biotechnology, and biomedicine, and caused changes in
diagnostic and clinical medicine, veterinary medicine, and
agronomy. New insights into genetic data from individu-
als and entire populations create possibilities for treating
previously untreatable diseases, driving innovations and
progress in society. Successful application and use of ge-
nomic data relies on digital technologies, namely, com-
puter methods and data sciences focused on storage,
analysis, and visualization technologies of large amounts
of data (big data). The Strategy explains the importance
of establishing a national computer infrastructure center
that would allow a higher degree of synergy and collabo-
ration among Croatian researchers. The center would pro-
mote the creation of protocols that enable structured and
consistent collection and storage of genetic data and as-
sociated metadata, especially human genetic, clinical and
personal data. It would foster the development of cut-
ting-edge data science technologies, including artificial
intelligence and machine learning, stimulate the estab-
lishment of support systems for professional users, and
promote the creation of computer tools and procedures
for end-users, as a help in the interpretation of the results
of genomic tests. Establishing protocols for data protec-
tion, education of experts, management of computer in-
frastructure, and communication with the public would
also be tasks of this center.
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CONCLUDING REMARKS

The Applied Genomics Development Strategy for Croatia,
an official document of the Croatian Academy of Scienc-
es and Arts, delineates key aspects of applied genomics
in Croatia and paves the way for its future development.
These include the education of experts, development of
infrastructure, rational use of resources, the establishment
of a national institute of applied genomics, collaboration
among relevant institutions, and integration of efforts
with researchers. A growing number of human genome
analyses are performed each day, and new possibilities
of genomic manipulation increase the need of our soci-
ety to develop a legal framework and ethical guidelines.
These recommendations would allow unhindered devel-
opment of applied genomics, but also prevent malicious
alterations of genomic properties of living organisms and
protect the privacy of an individual with a genetic pre-
disposition to certain diseases. The Strategy identifies ge-
nomics as the cornerstone of the concept of personalized/
precision medicine, which allows provision of a medical
care tailored to meet the specific needs of an individual.
Moreover, the Strategy also paves the way for the devel-
opment of forensic genomics as an indispensable tool in
fighting crime and identifying war victims, including those
from Homeland War in Croatia. Given the persistent threat
from potentially devastating pandemics and bioterrorism
acts in the future, the Strategy provides a framework of ac-
tions and plans to protect human lives and the economy,
which makes it a vital document for national security. Ap-
plied genomics opens new possibilities for the growth of
our economy by improving biotechnological processes
and bioinformatics tools, promoting the efficient use of
energy, sustainable industry, and environmental protec-
tion. Like the similar strategies of development of applied
genomics that have been adopted by technologically ad-
vanced countries, this Strategy identifies key elements that
will promote the well-being of citizens and help us in the
transformation into a modern society.
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