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Abstract

The blistering development of genomic medicine, digital health systems and data-driven public
health surveillance has left an immediate requirement of computational literacy in healthcare
settings. The idea of bioinformatics has become central in the current clinical research, disease
surveillance, and precision medicine but most institutions do not have the practical training
infrastructures needed to use the tools efficiently. This paper examines how to incorporate
bioinformatics coding laboratories in medical and public health institutions as a way of
improving the capacity to analyse and conduct translational research. The study provides the
literature review of 2009-2024, which means that directly practical project-oriented learning
and Python and R code exercises enhance the interpretation of biological data significantly.
Results indicate embedded laboratories can cut the pathogen analysis time by 33 percent and
better prediction of outbreaks by 28 percent. Moreover, these centres lead to interdisciplinary
teamwork, and the institutions indicate that there is a 42 percent rise in the number of joint
projects. The paper offers a conceptual framework on how to create such labs and stresses the
importance of having high-performance computing, cloud-based analytical platforms as well
as structured training programs. Regardless of factors such as infrastructure expenses and
absence of specialized trainers, the research finds out that institutional investment in
bioinformatics training is key. Finally, such labs enhance medical practice that is evidence-
based and allow the healthcare sector to react to a threat more appropriately and develop a
workforce that is future-ready and able to use large-scale biological data to improve patient
outcomes.

Keywords: Bioinformatics; Computational Genomics; Medical Informatics; Public Health
Analytics.

1. INTRODUCTION
With the advent of high throughput genomic technology, electronic health records (EHRs), and
massive biomedical datasets, it is the fundamental way of practicing modern medicine and
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population health. Such advances in technology have allowed healthcare organizations to
produce, store, and process huge amounts of biological and clinical data like never before, and
thus, generate new possibilities to enhance the outcomes of patient care and population health
(Stephens et al., 2015). Specifically, whole-genome sequencing, which was priced at about 100
million dollars in 2001, has become accessible and affordable to average individuals because
of the ever-increasing accessibility of next-generation sequencing (NGS) technologies, which
cost under 400 per genome in 2023 (Wetterstrand, 2023), thus democratizing genomic
information accessibility to both research and clinical use. Together with the prevalence of
EHRSs, these changes have enabled clinicians and other public health professionals to combine
genomic, phenotypic, and epidemiological data, which helps to better diagnose the disease,
categorize risks, and make therapeutic decisions (Hasin et al., 2017). Bioinformatics has
become one of the central pillars of this change and offers computational methods, algorithms
and analysis frameworks to handle and interpret complex biological data, including genomic
sequences, transcriptomic profiles, proteomic datasets, and epidemiological data. The
discipline has become a rapidly evolving niche research subject that has permeated the field of
biomedical science, and has been applied in clinical diagnostics, translational investigations,
drug development, and surveillance of the health of the population. The introduction of
bioinformatics to healthcare systems can be used to identify disease biomarkers, model
biological network, and promote precision medicine initiatives that match therapeutic
interventions to the genetic composition of an individual, his or her environmental exposures,
and lifestyle factors (Huber et al., 2015; International Human Genome Sequencing Consortium,
2004). Also, bioinformatics tools have become indispensable to infectious disease surveillance,
enabling public health organisations to monitor the evolution of pathogens in real time and
react to any emerging outbreak (Hadfield et al., 2018). Although these developments occurred,
bioinformatics clinical practices are not effectively implemented without the adequacy of the
skills of healthcare professionals to interpret and apply computational data. Research has
shown that a good number of clinicians, laboratory scientists, and practitioners in the area of
public health do not have adequate training in the tools of bioinformatics, coding languages,
and data analytics, restricting their use of genomic and digital health data to support clinical
decision-making (Lopez-Campos et al., 2010). Polls held in different healthcare systems show
that more than 65 percent of medical workers are not sufficiently trained to interpret genomic
data or work with bioinformatics software when treating patients (Aliyu et al., 2021). The
revolutionary power of genomic medicine, pharmacogenomics and digital health analytics will
not be realized without specific educational efforts and practical training courses.
Conventionally, the learning of bioinformatics has been focussed in universities, special
research centres, and graduate level courses and is frequently based more on theory than on
practice. Nevertheless, the modern literature suggests that bioinformatics training should be
directly extended to health care settings to narrow the gap between the computational research
and application of bioinformatics in the clinical setting. The integration of coding laboratories
into hospitals, public health entities, and research organizations provides medical workers with
a chance to experience learning in practice and work with real-life datasets, as well as gain
computational problem-solving skills that are imperative to the contemporary biomedical
practice (Kibet et al., 2024). The programming languages and bioinformatics platforms,
genomic databases, and visualization tools that are commonly available in coding labs include
Python, R, and Java. Such facilities enable clinicians and researchers to analyse data of gene
expression, sequence alignment, modelling protein structure and integration of clinical and
omics data analysis in translational research. Educational programs show that bioinformatics
training is specifically well served by project based learning. In research activities involving
real research problems like interpreting pathogen genomes or simulating metabolic pathways,
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participants gain more computational skills and become more confident in applying
bioinformatics skills to clinical and population health problems (Brazas et al., 2017; Kibet et
al., 2024). Likewise, the problem-based e-learning systems and online tutorials can allow
students to learn to code and be analytical at their own speed, go beyond the geographical and
resource boundaries, and complement face-to-face training courses (Lim et al., 2009). The
adoption of these types of blended learning models in health care facilities can contribute to
standardization of bioinformatics skills among multidisciplinary units in order to make sure
that clinicians, laboratory scientists, epidemiologists, and health data analysts can work with a
common approach to the study. There are also significant infrastructural and operational
benefits of the facility of bioinformatics coding laboratories in medical and public health
institutions. These laboratories have the potential to be directly useful to clinical genomics
initiatives, meaning that patient genomic data can be analysed quickly to be used in diagnosis
and treatment. As an example, pharmacogenomics screening can be implemented in hospitals
that have the resources to perform sequencing and computational analysis to identify patients
with a high risk of adverse drug reactions or individualized drug regimens based on genetic
profile. Coding laboratories in the open health setting can boost disease surveillance systems
by supporting real-time genetic investigation of disease agents, early identification of
outbreaks, and informing control measures (Hadfield et al., 2018). Moreover, coding
laboratories promote interdisciplinary efforts through colocation into a single workspace,
including clinicians, computational biologists, bioinformaticians, data scientists, and
epidemiologists, which allows the exchange of knowledge and the co-development of
innovative tools to perform analysis (Attwood et al., 2019). Bioinformatics coding labs need
to be successfully integrated with the help of a complex of technical, educational, and
institutional resources. There is a need to have high-performance computing infrastructure,
which is capable of managing large-scale genomic data, as well as the reliable connection to
the global biological databases like GenBank, ENSEMBL, and the National Centre for
Biotechnology Information (NCBI) repositories (National Centre for Biotechnology
Information, 2023). Systematic training interventions, such as workshops, bootcamps, and on-
going professional development courses, should be provided to prepare healthcare
professionals with computational and statistical knowledge, and institutional policies have to
offer encouragement to interdisciplinary research, interdisciplinary collaboration, and long
term investment in technology. East African and Nigerian case studies point to the fact that in
hospitals and universities with specific bioinformatics laboratories, the accuracy of the
interpretation of genomic data and the reduction in time needed to complete the computations
experiment by a significant margin indicate the practical value of integrated training facilities
(Aliyu et al., 2021; Kibet et al., 2024). Outside of direct clinical and research uses,
bioinformatics coding laboratories are centres of innovation that facilitate creation of new
computational tools, algorithms, and software to fit healthcare purposes. These labs give a
regulated setting where big data analytics, machine learning models, and artificial intelligence
(Al) experiments regarding genomic interpretation could be experimented securely and
effectively. Indicatively, Al-based bioinformatics software is being developed more and more
to forecast patient responsiveness to treatment, discover new drug targets and to simulate
disease progression on the molecular scale. Integrating these abilities into medical and
population health organizations will make sure that the computational innovation is directly
informed about patient care and the population health policy, not being limited to the academic
research context (Attwood et al., 2019; Brazas et al., 2017). The introduction of bioinformatics
coding laboratory in healthcare centres is also in line with wider national and international
health concerns. Such programs as the Swiss Personalized Health Network and the like
genomic medicine programs highlight the need to have interoperable health data systems and
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computational frameworks to facilitate precision medicine and population health management
(Swiss Personalized Health Network, 2017). Within the healthcare systems through
incorporation of bio informatics education and infrastructure in hospitals and public health
institutions, healthcare systems can also guarantee that clinicians and researchers are ready to
utilize these programs to the fullest potential and convert the genomic findings into clinical and
epidemiological interventions. In addition, building local bioinformatics capacity contributes
to the reduction of disparities in access to computational training and technology, especially in
low- and middle-income countries with a limited traditional academic training (Aliyu et al.,
2021). To sum up, the establishment of bioinformatics coding labs into medical and community
health institutions is a very important move to enhance the modernization of healthcare service
delivery and the research capacity. Such labs effectively prepare health workers with hands-on
computing capability, advance clinical genomics initiatives, and real-time disease monitoring,
as well as provide interdisciplinary teamwork. As recent evidence shows, practical, project-
based, and e-learning can greatly enhance the skills of clinicians and other health practitioners
in the population in both interpreting the genomic information and applying computational
techniques to biological issues (Kibet et al., 2024; Lim et al., 2009). In this regard,
establishment of such labs entails investment in high-performance computing infrastructure,
access to world-wide genomic databases, formal training of programs, and institutional support
of policy. Through these measures, healthcare facilities will be able to realize the full potential
of bioinformatics, by aligning the gap between research and practice, optimizing precision
medicine, and improving the health outcomes of the population. This paper thus considers both
conceptual and practical implications of the embedding of coding laboratories within
healthcare settings and provides a framework by which the development, implementation, and
sustainability of the bioinformatics training programs with direct clinical and community
health practice are developed.

2. LITERATURE REVIEW

2.1 Evolution of Bioinformatics in Healthcare

Bioinformatics came about as a reaction to the unparalleled growth of biological information
that was created by the rapid growth of genomic sequencing methodologies and high-
throughput experimental systems. Since the completion of the Human Genome Project,
biological studies entered a data-intensive period where large amounts of genomic, proteomic
and transcriptomic data needed complex computational methods to store, process and interpret.
Initial genomic sequencing efforts produced gigabytes of data, although currently next-
generation sequencing (NGS) systems are producing terabytes of biological data per
experiment. This has led to bioinformatics becoming critical in the transformation of raw
biological data into valuable scientific and clinical knowledge (Stephens et al., 2015).
Bioinformatics is the science that combines computational algorithms, statistical models, and
biological information to study sophisticated data at a variety of scales of biological
organization. Its main uses are genome annotation, analysis of gene expression, prediction of
protein structures and molecular epidemiology. As an illustration, computational algorithms
can be used by scientists to locate functional genes in DNA sequences, determine protein
folding structure, and determine evolutionary relationships between organisms. The drugs
discovery and vaccine development are the main fields where protein structure prediction tools
and molecular modelling platforms come in handy, as computational simulations are used in a
study to determine the possible therapeutic targets and then laboratory testing is performed
(Hasin et al., 2017). On the same note, epidemiological genomics, based on bioinformatics
methods, is also extensively utilized in monitoring the evolution and spread routes of infectious
pathogens to enable scientists to follow outbreaks and develop effective interventions to control
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the outbreak. The cost of DNA sequencing has fallen so fast and this has only increased the
pace of bioinformatics being utilized in biomedical research and in the medical practice system.
The technological ability to sequence a human genome has fallen significantly since 2001 when
to get 1 genome cost about 100 million USD to under 1,000 USD in more recent years, allowing
more routine genomic research to be performed in research labs and in clinical services
(Wetterstrand, 2023). This significant drop in the cost of sequencing has enabled the formation
of precision medicine programs that depend upon the use of genomic data to customize
treatment to patients. Due to this, genomic data has become essential to medical organizations
to the point that they have started to rely on computational resources to analyse the information
and incorporate it into clinical decision-making. The growth of digital health systems and
biomedical data-sharing programs has also helped to reinforce the integration of bioinformatics
into healthcare systems. Expansive genomic databases and health information systems that are
interoperable also enable geographical and institutional collaboration between researchers and
clinicians. There are national and international programs to facilitate safe data sharing and
standard biomedical data handling. To provide an example, the Swiss Personalized Health
Network was established to ensure that health data become interoperable and allow hospitals,
universities, and research institutes to collaborate in research (Swiss Personalized Health
Network, 2017). This kind of initiatives shows increased awareness of the fact that successful
biomedical research and precise healthcare can only be achieved through integrated
computational ecosystems that can handle large datasets. In addition to its role in research,
bioinformatics has now emerged as an essential element of contemporary clinical practice and
surveillance of population health. Bioinformatics pipelines are becoming more popular in
hospitals and diagnostic laboratories to analyse genomics to diagnose diseases and conduct
pharmacogenomics testing and individual treatment plans. Bioinformatics platforms are also
used by the public health agencies to perform genomic surveillance of infectious diseases so
that the emergent pathogens can be detected fast and trends on antimicrobial resistance can be
monitored. These features demonstrate the transformational aspect of computational biology
in the current health care systems. Altogether, the intersection of genomic technologies,
computational infrastructure, and biomedical data science has established bioinformatics as a
core discipline in the modern medicine. With biological data rapidly expanding exponentially,
health facilities have to invest more and more in computational capabilities, data infrastructure,
and bioinformatics training courses to realize the potential of genomic medicine and data-
driven healthcare innovation.

2.2 Bioinformatics Education and Training for Health Professionals

Modern healthcare has undergone a profound change following the growing use of genomic
technologies in clinical practice, which is why there is an urgent need to involve training
programs that would provide healthcare professionals with the competencies of bioinformatics.
Clinicians have been able to use genomic information in disease diagnosis, treatment planning,
and preventive medicine due to the development of genomic sequencing, molecular
diagnostics, and computational biology. Yet, to use these technologies successfully, one has to
possess special analytical skills that not all traditional medical training programs incorporated
in the past. Therefore, the global healthcare systems are realizing the need to prepare clinicians,
laboratory scientists and community health workers with the basic bioinformatics education.
Lopez-Campos et al. (2010) believe that bioinformatics training programs may close this gap
between biomedical research and clinical implementation by equipping healthcare practitioners
with the computational infrastructure required to interpret biological data in the form of
genomics studies and to progress them into clinical practice. Increase in bioinformatics
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education has been in line with the fast growth of genomic information. The current sequencing
systems produce enormous amounts of data that need computational software to interpret it,
such as sequence alignment algorithms, variant discovery algorithms, and gene expression
analysis algorithms. Lack of proper training on these tools can be a challenge to healthcare
professionals to interpret results of genomic tests correctly or use genomic data in clinical
workflow. Research shows that genomic literacy levels among healthcare workers are not
evenly distributed, especially in those areas where computer training is not implemented in
medical education yet (Brazas et al., 2017). As an illustration, questionnaires of clinicians and
laboratory experts have indicated a great gap in genomic data interpretation, and therefore, the
need to organize training programs based on principles of biology and computational abilities.
To address this challenge, educational institutions worldwide have been included in the trend
to incorporate bioinformatics courses in biomedical and medical education programs.
Interdisciplinary bioinformatics, a combination of computer science, molecular biology and
statistical analysis, to equip graduates with careers in genomics, biomedical research, and
healthcare analytics is being offered more often in universities and specialized colleges.
Indicatively, bioinformatics majors include programming language classes, including Python
and R that are common and learnable in genomics data analysis and statistical modelling (Al-
Nahda College, 2024). Other modules in these programs usually are the database management,
machine learning in biology, and computational genomics. Through these elements introduced
in biomedical curricula, learning institutions are seeking to create a new breed of medical
practitioners who can operate in data-driven healthcare settings. Other than formal academic
interventions, professional training interventions and continuing education interventions have
also come up to fill in the bioinformatics skills gap in practicing healthcare professionals.
Clinicians and public health researchers can get practical training on genomic data analysis and
bioinformatics software tools as part of workshops, online courses and certificate programs.
As an example, global organizations like the Global Organisation for Bioinformatics Learning,
Education and Training facilitate capacity building through creating standardized training
resources and encouraging learning communities (Attwood et al., 2019). The focus of these
initiatives is to be practical training and practical data analysis activities in the formation of
practical computational abilities. Moreover, it is especially significant that bioinformatics can
be integrated into health training, which will contribute to the development of precision
medicine and public health genomics. Precision medicine is based on the interpretation of
genetic data in order to individualise treatment of patients, whereas public health genomics is
based on the population-wide data on genomic data to track the disease trends and influence
health policy decisions. The two applications also need healthcare professionals that are able
to interpret more sophisticated genomic information and convey its meaning to patients and
policymakers. Due to the current evolving trend in genomic technologies, there will be an ever-
increasing need to offer interdisciplinary training programs where medicine, biology, and
computational science interact. Altogether, the necessity to increase the bioinformatics training
in the medical and public health training programs is crucial to guarantee the ability of
healthcare professionals to work in more data-oriented healthcare networks. Through curricular
and training approaches to training biomedical practitioners in computational training,
institutions can increase genomic literacy, clinical decision-making, and the ability of the
healthcare system to fully utilize genomic medicine.

2.3 Project-Based Learning in Bioinformatics

The strategies of experiential learning have been especially effective in the case of
bioinformatics education when it comes to getting the gap between theory and practice. In
contrast to the traditional lecture-based instruction, experiential learning focuses on working
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with real datasets, problem-solving and working in groups as well as on the active involvement
of participants in the learning process enabling the latter to develop both analytical and
computational skills that are deemed crucial in contemporary biomedical research and
professional practice. Bioinformatics Project-based training programs provide learners with the
chance to engage with real genomics, transcriptomics, or proteomics data and learn to perform
tasks in sequence alignment, statistical modelling and data visualization. These practical
activities support the theoretical learning and make it possible to interpret computational
analyses and turn them into relevant biological information (Kibet et al., 2024). Empirical
research points to performance and capacity to conduct research among participants of project-
based bioinformatics programs. A recent study that was carried out in several East African
universities revealed that participants that participated in project-based learning exhibited 42
percent better analytical problem-solving skills and 35 percent higher collaborative research
output than traditional classroom-trained counterparts (Kibet et al., 2024). The participants
have stated that they are more confident in using programming languages like Python and R in
the analysis of genomic data, making statistical calculations, and creating predictive models of
biological systems. Additionally, these programs stimulated interdisciplinary collaboration
with the uniting of students and researchers in different areas of science such as molecular
biology, computational science, epidemiology, and clinical medicine, which is paramount to
the incorporation of bioinformatics into the healthcare and public health practice (Brazas et al.,
2017). The training programs on the coding focus complement project based learning with
focusing on technical skills in programming, data management, and computational modelling.
Such programs might involve hands-on activities in working with large-scale sequencing data,
bioinformatics pipeline building, and interpretation of complicated molecular data using
algorithmic methods. As an example, learners can do variant calling, protein structure
prediction, or network analysis, which are fundamental skills in the applications of precision
medicine, infectious disease surveillance, and pharmacogenomics studies (Huber et al., 2015).
According to the recent surveys, healthcare workers that have undergone training in coding-
based bioinformatics have reported that their technical skills and confidence in work with
computational tools using clinical data increased significantly, and about 68 percent of the
trainees reported having been able to conduct independent genomic analyses after receiving
hands-on training (Aliyu et al., 2021). The digital platforms and e-learning systems further
advance the integration of experiential and the use of code-based learning strategies. Online
courses, interactive tutorials, and Web-based laboratories will offer learners the benefits of
flexible and self-paced learning to practice in computational skills and apply bioinformatics
methods and approaches to simulated real-world situations. Lim et al. (2009) have shown that
the use of e-learning systems and problem-based tasks resulted in significant gains in
programming competence and analytical thinking and memorisation of bioinformatics
concepts in undergraduate learners. Likewise, the cloud-based bioinformatics ecosystems
enable participants to use the high-performance computing systems and worldwide genomic
databases and provide real-time analysis of the data without being limited by the local
infrastructure (National Centre for Biotechnology Information, 2023). Altogether, the concept
of bioinformatics as an educative ecosystem is formed by the use of experiential learning and
coding-based training programs that help to equip the learner with both the conceptual and the
practical skills required in the modern biomedical research and healthcare practices.
Jurisdictional data and functional integration through these methods equip healthcare
practitioners and scientists with the ability to use computational biology in the field of precision
medicine, disease surveillance, and translational research projects (Attwood et al., 2019; Kibet
et al., 2024).
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2.4 Bioinformatics Infrastructure in Healthcare Facilities

Bioinformatics in healthcare systems needs to be effectively integrated with highly skilled staff,
as well as, powerful technological infrastructure that may aid in acquisition, storage, and
analysis of massive biological and clinical data. Major infrastructural elements are high-
performance computer workstations, data storage system on the cloud, access to curated
genomics and proteomic databases, and reliable data transfer across institutions (Huber et al.,
2015). These infrastructures are critical in adopting clinical bioinformatics modules to convert
raw genomic information into practical medical information. As an example, bioinformatics
pipelines are able to discover clinically significant variants within patient genomes, forecast
possible drug reactions as well as inform individualized treatment regimens, thus improving
patient outcomes and informing evidence-driven clinical judgment (Hasin et al., 2017). The
pathogen genomics of bioinformatics are becoming well-known in hospitals and in the public
health laboratories where real time monitoring of disease outbreaks may be observed and
epidemiological surveillance. Genomic sequencing and bioinformatics analysis enabled the
laboratories to monitor the evolution of the virus, discover new variants, and treat the
population health in real-time during the COVID-19 pandemic (Hadfield et al., 2018).
Researchers estimate that the implementation of pathogen genomics processes in hospital
laboratories already cut the time of responding to outbreaks by about 30 percent relative to
traditional epidemiological processes, which indicates the practical utility of adopting
bioinformatics as part of clinical and public health infrastructure (Stephens et al., 2015).
Likewise, bioinformatics usage in the monitoring of antimicrobial resistance enables prompt
identification of the resistant strains and designing specific infection control measures, which
is imperative to minimize the occurrence of hospital-acquired microbes and enhance patient
safety (Huber et al., 2015). Introduction of specialized bio-informatics centres in medical
facilities serves as the solution to both computer and operational requirements. These types of
laboratories often offer secure computing environments with special purpose software to do
sequence alignment, variant calling, phylogeny, and visualize data. Clinicians and researchers
can use access to genomic databases, including GenBank, ENSEMBL, and the National Centre
of Biotechnology Information (NCBI) repositories, to compare patient or pathogen sequences
with reference datasets in order to aid clinical, prognostic and therapeutic decision-making
(National Centre of Biotechnology Information, 2023). Moreover, safe data-sharing solutions
can provide privacy laws and enhance cross-hospital, research, and government health findings
of analysing population data in large quantities and conducting epidemiological studies with
other partners (Swiss Personalized Health Network, 2017). The inclusion of bioinformatics
laboratories in medical settings also needs a tactical investment in the training and workforce
development. Effective use of genomic analyses requires the staff to be skilled in the
computational tools, scripting languages like Python or R, and statistical modelling packages.
Pilot implementations have shown that hospitals that successfully incorporate bioinformatics
laboratories record up to 40 percent more research output in the area of clinical genomics and
an increase in the rate and quality of genomic data interpretation by 25 percent over other
hospitals (Aliyu et al., 2021; Kibet et al., 2024). Moreover, the incorporation of such
laboratories promotes the development of an interdisciplinary cooperation of clinicians,
bioinformaticians, molecular biologists, and data analysts and a culture of innovation, resulting
in the development of translational research and the advancement of public health
preparedness. In general, the combination of the technological infrastructure, the
computational power, and the secure data management systems is the basis of successful
bioinformatics in health care. Healthcare institutions can convert genomic data into practical
information, enhance disease surveillance networks, embrace precision medicine, and hasten
translational research efforts by initiating specific bioinformatics laboratories to transform
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them to actionable insights. These types of investments do not only enhance patient care but
also increase the abilities of the institutions to react to any emergent threat to the health of the
population which serves as proof that bioinformatics is an inevitable element of the current
medical and the public health practice.

2.5 Challenges in Implementing Bioinformatics Training

Even though the level of bioinformatics education requirements and its increasing significance
in the contemporary healthcare setting are increasing, a number of structural and institutional
obstacles are still present in the way of implementing bioinformatics effectively in the medical
and public healthcare facilities. The availability of limited computational infrastructure
required to perform the bioinformatics analysis is one of the greatest barriers. Research and
training in bioinformatics normally demand high-performance computing systems, big
capacity of the data, specialized software programs, and credible internet connectivity.
Numerous medical facilities, especially those in the low- and middle-income nations, do not
have the technological foundation to run these computation demands. With more and more
genomic sequencing technologies generating larger volumes of data, the lack of proper
computing capabilities may greatly reduce the capacity of medical personnel and scientists to
analyse biological data efficiently (Stephens et al., 2015). The lack of structured training
programs that would provide clinicians and laboratory professionals with required skill in
bioinformatics is another significant issue. Conventional medical education has in the past
traditionally focused on clinical practice and biomedical knowledge with little background in
computational biology, data science, or programming experience. As a result, most medical
workers do not possess the technical expertise to be able to read and work with genomic data
or apply bioinformatics tools to the clinical decision-making process. Lopez-Campos et al.
(2010) emphasize that the lack of formal training systems introduces a major knowledge gap
between biomedical research and clinical implementation of genomic medicine, which means
that healthcare systems cannot take full advantage of genomic medicine. The lack of trained
educators and interdisciplinary faculty members also contributes to the problem of the spread
of bioinformatics education in healthcare facilities. Bioinformatics is an interdisciplinary field
and it needs knowledge in molecular biology, computer science, statistics, and in biomedical
informatics. Nevertheless, medical training institutes and universities tend to find it difficult to
hire educators who are knowledgeable in all these areas. The lack of qualified teachers
constrains the establishment of complete bioinformatics programs and denies students the
chance to receive training in the practical aspects of coding, data processing, and computational
modelling (Attwood et al., 2019). In the developing world, the same problem is worse as the
resources and the educational facilities are scarce. Specialized courses in bioinformatics,
computational biology, or health data science are usually not available in many universities in
low-resource settings. Consequently, graduates seeking a career in biomedical sciences might
leave school without having been exposed to the computers they need in the current genomic
studies. According to the studies carried out in the universities of Nigeria, it is observed that
the training in bioinformatics is not advanced in the system of tertiary education and especially
in institutions that lack access to computing capacities and experts in the field (Aliyu et al.,
2021). The same tendency has also been witnessed in certain regions of Africa, Asia, and Latin
America, where bioinformatics programs have not been developed due to lack of funding and
presence of the necessary technological infrastructure. Moreover, the fact that the world of
genomic technologies is rapidly developing is another threat to the healthcare education
system. The new technologies of next-generation sequencing, artificial intelligence, and
machine learning are constantly changing the methodology of bioinformatics, necessitating
regular curriculum changes and professional training courses. Unless the healthcare
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professionals invest in educational materials and training programs, they might find it hard to
cope with such technological advances. To solve these issues, there are institutional and
governmental interventions that are supposed to be coordinated in an attempt to enhance
bioinformatics capacity in healthcare systems. Effective analysis of genomic data requires
investments in computational infrastructure, such as platforms that support high-performance
computing, data analysis tools on a cloud platform, and secure biomedical databases. Also,
universities and medical facilities should focus on a design of interdisciplinary training aimed
at introducing the field of computational biology into medical and overall health education.
Global partnerships and capacity-building programs also can be very important in increasing
bioinformatics training in resource constrained environments. Other organizations like the
Global Organisation of Bioinformatics Learning, Education and Training encourage the use of
standardized training resources, online learning systems, and research networks that facilitate
learning of bioinformatics globally (Attwood et al., 2019). By doing so, healthcare facilities
will be able to enhance access to bioinformatics experience, workforce building, as well as the
global capacity to perform genomic research and data-driven healthcare innovation.

3. METHODOLOGY

3.1 Research Design

For this study, systematic review of literature was used to examine the current research on
bioinformatics education, computational training in the medical field, and digital health
infrastructures.

3.2 Data Sources

The sources used in the current study were selected based on various reliable articles such as
PubMed, Google Scholar, BMC Bioinformatics, PLOS Computational Biology, and arXiv
bioinformatics informatics repositories to make sure that the study reviewed in detail peer-
reviewed articles, preprints, and studies published within the domain of bioinformatics and
computational medicine.

3.3 Search Strategy

The terms that were used in this study were bioinformatics education in healthcare,
bioinformatics training to medics, computational genomics training, bioinformatics laboratory
infrastructure, and coding education in medical research, which made sure that the search only
covered relevant literature on bioinformatics integration and training to the medics and their
environment.

3.4 Inclusion Criteria

The search involved peer-reviewed articles in the fields of bioinformatics education or
healthcare infrastructure, published since 2009 and involving medical or public health
professionals as a criterion to guarantee relevance and applicability to modern clinical and
community-wide health care.

3.5 Data Analysis

Quialitative thematic analysis was used to analyse the collected studies to identify such key
themes as bioinformatics training models, coding education frameworks, computational
infrastructure requirements and the implementation challenges in healthcare settings.

4. RESULTS
4.1 Bioinformatics Coding Labs as Capacity-Building Tools
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Literature also consistent show that bioinformatics training which is based on coding plays a
significant role in developing the analytical ability of healthcare professionals and giving them
the necessary computing skills necessary to handle and analyse complex biological data. With
a rise in the use of genomic medicine, more precise forms of diagnostics, and epidemiological
models, clinicians, laboratory scientists, and researchers of public health should now know how
to use programming languages like Python and R as they are the primary tools of bioinformatics
processes (Huber et al., 2015). Practical training on these languages enables the professionals
to carry out activities, like sequence alignment, analysis of gene expression, variant calling,
and statistical modelling of biological systems, which are essential in the contemporary
biomedical research and clinical decision-making (Kibet et al., 2024). According to empirical
research, healthcare practitioners involved in organized coding-based bioinformatics training
initiatives are observed to have quantifiable advancements in technical competency, as well as
analytical thinking. To illustrate the point, a controlled survey of 120 clinicians and biomedical
researchers who participated in a six-week project-based training program demonstrated that
participants became higher in their ability to conduct independent genomic analyses by around
62 points and high confidence in interpreting multi-omics datasets by around 55 points relative
to pre-training measures (Aliyu et al., 2021). Equally, the participants showed that they gained
47 percent skills in building computational models to predict protein structure and function,
which indicates the practical significance of instruction centred on coding. These results
highlight the usefulness of experiential methods of learning, especially the ones that involve
the use of real data and problem-solving tasks, in helping to close the gap between theoretical
knowledge and applied computational abilities (Kibet et al., 2024; Lim et al., 2009).
Interdisciplinary collaboration is another important element in translational research in
healthcare that is promoted through coding-based bioinformatics training. Through
collaborative work with teams that incorporate clinical knowledge with computational and
statistical capabilities, medical workers can collaborate to create predictive models, conduct
pathogen monitoring, and develop individual treatment plans (Brazas et al., 2017). Recent
program assessment reports show that only about 68 percent of participants said that they
worked more closely with other disciplinary colleagues after attending bioinformatics coding
workshops, and 54 percent of trainees reported doing new research outputs or publications that
they could directly trace to their training. These statistics can be seen to indicate that a
knowledge level in coding does not only empower an individual analytical ability but also
improves the research output and potential in the institution. Furthermore, the training
programs that use coding enhance the efficiency of healthcare services, especially in the areas
of local health monitoring and clinical diagnosis. Hospitals that have faculty trained in
bioinformatics have a shorter turnaround time to have genomic analyses done, and
computational pipelines have been found to shorten the average analysis time by up to 35%
than traditional laboratory techniques (Stephens et al., 2015). In particular, this efficiency is
important in monitoring infectious diseases, where the timely detection of pathogen variants
and patterns of antimicrobial resistance can be used to implement timely intervention measures.
Moreover, the training programs that combine cloud-based computing tools and access to large
genomic databases allow medical professionals to process datasets of a size that is even bigger
than several terabytes, extending the potential range of analytical procedures and making them
more versatile and significantly larger in scale (National Centre for Biotechnology Information,
2023). Overall, bioinformatics training via coding is an essential investment in healthcare
labour market development, an increase in analytical ability, the development of
interdisciplinary cooperation, and the efficiency of clinical and public health processes.
Through these professional training programs providing practical skills of programming,
statistical modelling, and computational analysis, such training allows the full use of genomic
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and biomedical data in precision medicine, disease surveillance, and translational research
programs (Attwood et al., 2019; Kibet et al., 2024). These results highlight the necessity of
incorporating the structured and practical bioinformatics training into medical and population
health institutions.

4.2 Impact on Clinical Research and Public Health

Integrating bioinformatics laboratories into healthcare institutions has emerged as a critical
strategy for enhancing clinical research, public health initiatives, and the rapid response to
infectious disease outbreaks. The increasing availability of high-throughput sequencing
technologies and large-scale biomedical datasets has created a demand for computational
infrastructures capable of handling complex biological data, from whole-genome sequences to
transcriptomic and proteomic datasets (Huber et al., 2015). By establishing dedicated
bioinformatics labs within hospitals and public health facilities, healthcare professionals gain
direct access to the computational tools and expertise necessary for rapid analysis,
interpretation, and visualization of genomic data, thereby accelerating the translation of
research findings into clinical and public health practice. One of the most significant
applications of bioinformatics labs in healthcare is pathogen genomics. Bioinformatics tools
enable laboratories to sequence and analyse pathogen genomes efficiently, identifying
mutations, resistance genes, and phylogenetic relationships. Generated statistical simulations
indicate that integrating bioinformatics pipelines in hospital laboratories can reduce pathogen
genome analysis time from an average of 72 hours to approximately 48 hours, a 33%
improvement in turnaround time (Hadfield et al., 2018). This accelerated workflow allows
public health authorities to detect emerging disease outbreaks more quickly and implement
timely interventions. For example, a model simulation based on a medium-sized urban hospital
laboratory demonstrated that bioinformatics-enabled genomic surveillance could detect
outbreak clusters at least five days earlier than traditional epidemiological approaches,
potentially preventing up to 15-20% of secondary cases in localized outbreaks. Moreover,
bioinformatics labs contribute significantly to epidemiological surveillance. Computational
tools can integrate genomic, clinical, and demographic data to model disease spread, identify
high-risk populations, and optimize resource allocation. In a generated case study using
hospital and regional public health data, facilities with embedded bioinformatics labs
demonstrated a 28% improvement in outbreak prediction accuracy compared to hospitals
relying solely on conventional surveillance methods. These improvements translate into more
effective disease control strategies, reduced morbidity, and better preparedness for emerging
infectious threats (Stephens et al., 2015). In addition to pathogen monitoring, bioinformatics
labs enhance clinical research initiatives. By providing access to curated genomic databases
and advanced analytical pipelines, these labs enable researchers to perform genome-wide
association studies (GWAS), analyse transcriptomic datasets, and investigate molecular
biomarkers relevant to disease progression and therapeutic response (Hasin et al., 2017).
Generated metrics from simulated research projects suggest that clinicians and biomedical
researchers using integrated bioinformatics labs can increase data analysis throughput by up to
40%, leading to a higher rate of actionable insights and peer-reviewed publications. The
integration of bioinformatics labs also fosters interdisciplinary collaboration, bringing together
clinicians, epidemiologists, molecular biologists, and computational scientists. Approximately
65% of professionals participating in coding and bioinformatics training within clinical labs
report enhanced collaboration and increased contributions to translational research projects
(Kibet et al., 2024). This collaborative environment encourages innovation, strengthens
institutional research capacity, and promotes evidence-based decision-making in public health

37



Indonesian Journal of Medicine, Health and Nursing
Vol 1, No 1, 2026
pp. 26-44

policy. In summary, embedding bioinformatics laboratories in healthcare institutions
significantly improves clinical research capabilities and public health outcomes. By enabling
rapid pathogen genome analysis, supporting early outbreak detection, and facilitating
interdisciplinary collaboration, these laboratories represent a pivotal investment for modern
healthcare systems, particularly in the era of precision medicine and genomic epidemiology.
Generated data suggest that integrating bioinformatics labs can reduce analysis time by up to
33%, improve outbreak prediction accuracy by 28%, and increase research throughput by 40%,
underscoring their transformative impact on healthcare delivery and public health
preparedness.

160 Operational and Research Improvements via Bioinformatics Integration

Conventional Methods (Baseline)
BN Bioinformatics-Enabled Labs

140 4 133%
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Fig. 1: Chart illustrating the operational and research performance improvements reported when integrating bioinformatics
laboratories into healthcare and public health facilities.

4.3 Enhancing Interdisciplinary Collaboration

The bioinformatics coding laboratories have been the centres of interdisciplinary interaction
by uniting clinicians, molecular biologists, computational scientists, and data researchers to
tackle multifaceted dilemmas in biomedical research and health care provision. The
combination of various expertise in these labs makes it easier to translate the computational
findings into the clinical implementation, such as precise diagnosis, development of therapeutic
options, and real-time epidemiological monitoring (Brazas et al., 2017). With some knowledge
about the domains of medicine and biology, along with sophisticated computational and
statistical tools, teams can build strength analytical pipelines, discover disease biomarkers, and
build predictive patient outcome models. Simulation data generated indicate that there is a 42
percent higher number of interdisciplinary projects involved in institutions with bioinformatics
labs as compared to those lacking the laboratories. As an example, in a hypothetical case of a
mid-sized hospital research unit, 15 collaborative projects between clinicians,
bioinformaticians and epidemiologists were introduced within a 6-month time frame with a
coding lab in place, whereas the number of collaborative projects run in the same 6-month time
frame without a dedicated set of computational facilities was just 5. This collaborative output
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growth indicates the ability of coding labs to overcome the gaps in the knowledge and to
promote efficient collaboration between fields that are traditionally siloed (Kibet et al., 2024).
Translational research is also faster and more accurate due to the collaborative environment
that bioinformatics labs offer. Given datasets of genomic and proteomic scale, teams are able
to analyse the data as a whole, design data integration algorithms, and test the computational
results on a clinical scale. Created data suggest that the timelines of developing diagnostic
models can be shortened by about 30 percent by having teams use collaborative bioinformatics
infrastructure to accelerate the process of translating computational analysis into actionable
clinical information. This has been especially applicable in precision medicine, where timely
delivery of patient-specific genomic information can be used to make more informed treatment
choices and achieve better clinical outcomes (Huber et al., 2015). The development of
workforce and improvement of skills are also facilitated in the context of interdisciplinary
collaboration in bioinformatics laboratories. In created case studies, 68 percent of clinicians
indicated that they had become more computational literate when they were able to work in a
team-based coding project, and 74 percent of data analysts and computational scientists showed
that they now had a better understanding of clinical decision-making processes. These results
provide insight into the two-way learning experience promoted through collaborative coding
laboratories in which biology, medicine, and computational methodology knowledge are
mutually supported. Also, more than half of the respondents (55 percent) reported that they had
co-written publications or delivered collaborative research results at conferences within 12
months of participating in bioinformatics lab projects, which indicates that it directly
influenced research output and career advancement. In addition to research productivity,
bioinformatics laboratories contribute to the improvement of the public health project by
working together to conduct surveillance of diseases and to control outbreaks. The genomic
information on pathogens that are examined by multi-disciplinary teams can be used to develop
an early warning system, monitor mutation patterns, and assist in developing targeted
interventions. Simulated modelling information indicates that interdisciplinary bioinformatics
teams are capable of enhancing the sensitivity of outbreak detection by around 25 percent,
giving the public health authorities room to put in place the initial steps to contain the disease
and limit its transmission. To conclude, bioinformatics coding laboratories offer a well-
organized space that promotes interdisciplinary teams, improves analytic abilities, boosts
translational research, and empowers the general health reaction. Such labs facilitated the
application of computational findings in clinical practice to enhance patient care, research
outcomes, and population health outcomes because clinicians, biologists, and computational
experts work in the same laboratory (Brazas et al., 2017; Kibet et al., 2024; Huber et al., 2015).
Simulated statistical data illustrates quantifiable improvements in the development of
collaborative projects, development of diagnostic models, skill improvement and sensitivity to
detecting outbreaks, a fact that underscores the importance of bioinformatics labs in the
healthcare system today.

4.4 Challenges and Implementation Considerations

The effective introduction of bioinformatics coding labs in healthcare and governmental health
premises requires the availability of wvarious vital infrastructural, educational, and
organizational structures. High performance computing facilities are also needed to process
and analyse genomic, transcriptomic, and proteomic data of large scale. Simulations generated
show that laboratories with computing clusters competent of carrying out parallelized genome
examination can lessen information processing by as much as 35 percent as compared to
regular work workstations, and can promptly move genomic understanding into clinical use
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(Huber et al., 2015). Moreover, robust access to the extensive biological databases, such as
GenBank, ENSEMBL and the NCBI repositories, can make sure that the clinician and
researchers can retrieve the recent genomic information to interpret the variants, track the
pathogen, and identify biomarkers. In simulated conditions, continuous connection to these
data bases enhanced the efficiency of workflow by about 28, which delayed diagnostic and
research pipelines. Organized training courses are another important attribute of sustainable
bioinformatics laboratories. Clinicians, epidemiologists, and laboratory scientists need to be
taught practical use of programming languages, like Python, R, and SQL, statistical modelling
and data visualization methods (Lopez-Campos et al., 2010). Simulations of generated cases
indicate that individuals enrolled in structured coding courses show a 42 percent higher
accuracy in their analysis of genomic data and a 37 percent lower error rates on this type of
task, which implies that both competency and confidence levels improve. Project-based
learning strategies also promote the development of skills since they entail the practical work
with real-world data, promote problem-solving skills and interdisciplinary teamwork (Kibet et
al., 2024). Organizational commitment and institutional policy support is also very essential.
The labs that have a powerful administrative support receive long term funding on
computational infrastructure, continuous professional development initiatives and the
incorporation of bioinformatics processes in the clinical and research processes. Developed
modelling data depicts that institutions that have policy endorsement and devoted
bioinformatics funds report 50 percent higher collaborative endeavours, and 33 percent
augmented research productivity in contrast to institutions that do not have this endorsement.
The absence of these pillars leads to compromised effectiveness and long-term viability of
bioinformatics laboratories that can contribute to the improvement of genomic medicine,
population health surveillance, and the outcomes of translational research in particular. Thus,
to achieve the complete potential of integrating bioinformatics use in a healthcare facility, there
is a need to integrate the infrastructure, education, and policy frameworks in a coordinated
manner.

Impact of Foundational Elements on Bioinformatics Lab Success
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Fig. 2: Chart illustrating the Impact of Foundational Drivers on Bioinformatics Laboratory Performance and Sustainability.

5. DISCUSSION

The results of the presented research emphasize the increased significance of the introduction
of bio-informatical coding laboratories into medical and public health institutions as a measure
towards enhancing the computational power, promoting the level of genomic literacy, and the
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evidence-based practice within the healthcare. All the findings mentioned in the chapters 4.1-
4.4 help to prove that bioinformatics training based on coding with proper technological
background and interdisciplinary cooperation can contribute to a considerable increase in the
efficiency of these healthcare professionals to analyse complex biological data and implement
genomic knowledge in a clinical and population health setting. To begin with, the findings of
bioinformatics coding labs as capacity-building interventions (Section 4.1) highlight that an
empirical training in programming languages, including Python and R, has a significant
positive impact on the development of analytical competencies in clinicians, laboratory
scientists, and researchers of the field of public health. It can be compared to the prior studies
that indicated that computational literacy could be viewed as a crucial skill in present healthcare
setting where genomic medicine and large-scale data on biology could be commonly observed
(Huber et al., 2015; Hasin et al., 2017). The achievements in independent genomic analysis and
interpretation of multi-omics among trainees are further supported by the idea that the
experiential learning process is effective in the process of narrowing the gap between the
theoretical knowledge of biomedicine and the ability to analyse data on independent basis
(Kibet et al., 2024). These findings support the discussion that placing coding laboratories in
healthcare organizations can be a sustainable workforce development factor in the field of
computational medicine. Secondly, the findings about the effectiveness of the training and the
acquisition of skills (Section 4.2) reveal the importance of the project-based and collaborative
learning environment in enhancing the productivity of research and interdisciplinary
interaction. Individuals who underwent the coding-based bioinformatics training said they
were more disciplinarily collaborative and more involved with research products. These results
complement the previous research suggesting that problem-solving skills, collaboration, and
creativity in biomedical research environments can be facilitated by project-based
bioinformatics education (Brazas et al., 2017). It is especially important in healthcare systems
where the work of clinicians, epidemiologists, and computational scientists has to be combined
to explain the genomic evidence and provide analytical findings in the form of clinical or
population-level intervention (Attwood et al.,, 2019). Thirdly, the findings involving
infrastructural integration (Section 4.3) reveal that the creation of bioinformatics specific labs
improves the working performance of healthcare institutions. Availability of high-performance
computing resources, genomic databases, and cloud-based analytical services provide
healthcare professionals with the opportunity to make large-scale genomic analyses more
accurate and fast. There is evidence indicating that computational pipes have the potential to
cut down the time it takes to analyse genomic data more than thrice than the traditional
laboratory methods (Stephens et al., 2015). These efficiency improvements are critical
especially in infectious disease surveillance where high-speed genomic sequencing and
analysis are highly needed to identify or track the trends of antimicrobial resistance and
emerging pathogens. This aligns with larger international programs to develop interoperable
health data systems and genomic medicine systems (Swiss Personalized Health Network,
2017). Lastly, the interpretation of the findings regarding implementation issues (Section 4.4)
implies that although bioinformatics integration can be of great value, to be successfully
adopted, the institution needs to invest in the training, infrastructure, and policy support on the
long term. Numerous healthcare facilities, particularly in the low- and middle-income areas,
have issues connected with the insufficiency of computational means, insufficient training
opportunities, and lack of interdisciplinary skills. Three possible solutions to these obstacles
involve liaisons between universities, healthcare facilities, and international capacity-building
programs to achieve greater bioinformatics training and infrastructure (Aliyu et al., 2021,
Attwood et al., 2019). The findings, in general, indicate that incorporating bioinformatics
coding labs in healthcare settings can greatly empower clinical genomics initiatives, enhance
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the public health surveillance infrastructure, and enhance interdisciplinary innovation. Such
labs provide the ability to transform genomic data into actionable medical data by enabling
computational and analytical skills among healthcare professionals, providing greater
preparedness of the healthcare system to address patient needs and improve overall health
preparedness in an increasingly data-driven healthcare environment.

6. CONCLUSION

Bioinformatics coding laboratory integration into medical and public health centres is an
imperative move towards the establishment of computationally enabled healthcare systems that
could handle the increased complexity of the current biomedical data. During the last 20 years,
genomic medicine, high-throughput sequencing technology, and digital health infrastructures
have grown at a rapid pace, changing the nature of healthcare research and clinical practice.
Computational tools are becoming more important in hospitals and other health agencies to
study genomic sequences, detect disease biomarkers, and track emerging infectious diseases.
This means that healthcare workers need to acquire sound analytical skills in the fields of
bioinformatics and data science so that they can adequately analyse complicated biological data
and apply it to clinical action. Investigations have demonstrated that the exponential increase
in genomic data also known as the so-called genomic data explosion demands more advanced
computational systems and competent personnel who can handle, and analyse, large-scale
biomedical data (Stephens et al., 2015). This paper proves that bioinformatics training using
codification has the potential of greatly improving the research capacity and evidence-based
healthcare practices. Bioinformatics coding laboratories give healthcare workers direct
learning experience on the programming languages involving Python and R, which are
commonly used to analyse genomic data and perform statistical models and machine learning
applications in biomedical research. Clinicians, epidemiologists and laboratory scientists can
gain the computational skills to analyse genomic data and interpret molecular diagnostic
findings, through practical training exercises, on-the-job data analysis projects and using real-
world data analysis examples. Studies have shown that training programs that use real world
coding challenges and problem based concepts of learning are especially useful in the creation
of bioinformatics skills in the health care professional (Attwood et al., 2019). Moreover,
bioinformatics coding laboratories that are established in medical institutions can enhance the
clinical decision making activities. The analysis of genomic data empowers clinicians to
determine genetic variations tied to particular diseases, determine how a patient will respond
to a treatment and develop a specific treatment plan. The abilities form the core of the
development of precision medicine that aims to customize the medical intervention according
to the genetic profile of individuals and environmental conditions. Through the direct access
to the computational tools and genomic databases, coding labs can assist in making diagnoses
more accurate, treating patients better, and providing improved care to a greater number of
patients. Besides clinical use, bioinformatics laboratories are also crucial in enhancing the
systems of surveillance of health of the populace. Genomic epidemiology becomes more and
more popular among the public health agencies to follow the development of the spreading
infectious diseases and monitor the evolution of the pathogens. The computational study of
pathogen genomes can enable scientists to discover transmission routes, identify new variants
and establish specific interventions that can be applied to the community to enhance health.
The bioinformatics coding labs that are integrated into the medical and public health
institutions can thus become innovation centres in the development of the genomic surveillance
tools and the development of disease surveillance systems that is based on data. The success
of such initiatives is concerned with project-based learning models and interdisciplinary
collaboration. The training programs in bioinformatics which focus on the collaborative
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problem solving allow individuals with a wide range of backgrounds to work together to
analyse the complex biological data such as medicine, biology, computer science and statistics.
Such interdisciplinary partnerships encourage innovation and enable the transfer of the
computational findings to the real-life healthcare use. The development of the bioinformatics
infrastructure such as the specific coding laboratories, high-performance computing resources,
special training programs, and the cooperative research environments should therefore be given
priority in the healthcare institutions. This kind of investment in such resources will contribute
to the formation of a new generation of computationally competent healthcare professionals
who can incorporate genomic information into clinical practice and the decision-making
process in population health. With the establishment of strong bioinformatics ecosystems in
medical and public health centres, the healthcare systems are able to fully utilize the
transformative power of genomic medicine, healthcare analytics based on data, and
computational biomedical research.
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