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Background 

The human genome has evolved significantly since Watson and 

Crick's 1953 discovery of DNA (deoxyribonucleic acid) 

structures [1]. Advances in RNA (ribonucleic acid) vaccines 

and recombinant DNA technology have made genetics 

accessible to the public [2]. In 2023, Katalin Karikó and Drew 

Weissman jointly received the Nobel Prize in Physiology or 

Medicine for their groundbreaking work in developing COVID-

19 mRNA vaccines. Medical genetics began with single-gene 

disease inheritance patterns, and as of 2023, a total of 4,873 

genes had been mapped. The most common disease is polygenic 

[3]. Advances in genome technologies have led to sequencing 

and genotyping of millions of human genomes. However, these 

studies were primarily based on European populations, limiting 

the benefits of genomic research to underrepresented 

populations. It is necessary to propose a roadmap to enhance 

inclusion and ensure equal health benefits of genomics [4].  

The COVID-19 pandemic has highlighted the importance of 

global resilience and emergency preparedness, particularly in 

pathogen surveillance systems. The emergence of SARS-CoV-

2 variants has highlighted the importance of genomic 

sequencing data for detecting and characterising pathogens. 

Since the pandemic, global recommendations have been made, 

advocating to strengthen countries' genomic surveillance 

capabilities. To provide high-quality, timely, and relevant 

public health interventions within local to global surveillance 

systems, the Global Genomic Surveillance Strategy for 

Pathogens with Pandemic and Epidemic Potential 2022–2032 

seeks to enhance and scale-up genomic monitoring [5].  

Genetic research is often a secondary priority for funding in 

many countries; however, international institutions and 

research-intensive nations can help increase diversity. Funders 

should reconsider the restrictions faced by researchers in their 

countries. Collaboration in genetic research can offer diverse 

multidisciplinary expertise, grant writing experiences, and local 

knowledge. Building long-lasting partnerships is crucial for 

research funding. However, power imbalances and community 

reactions should also be considered. Capacity-building and 
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data-sharing agreements can support local expertise and hence 

promote genomic research. Funds should prioritize 

sustainability to improve genomic study diversity. Researchers 

can contribute to local capacity enhancement by hiring students 

or researchers in case there is no dedicated funding for capacity 

building. Another consideration is supporting cohort-based 

genomic research which requires access to essential 

infrastructure components and alignment with legal, 

administrative, and ethical frameworks at institutional and 

national levels. Educational models that retain trained 

individuals are crucial for narrowing genomic study gaps for 

underrepresented populations by transferring local technology 

and knowledge. 

Bioinformatics tools are crucial for research efficiency, data 

management, and analysis, as population-scale sequencing and 

data sharing have been made possible by advancements in next-

generation sequencing technologies in human genetics. For 

large-scale data analytics, moving from an old-fashioned 

approach to a contemporary one delivers scalability, portability, 

and repeatability. Because of container technology, published 

findings can be replicated, enabling users to use the same 

program on different HPC (High Performance Computing) 

servers and computational settings. A workflow description 

language and engines are used in modern workflows to provide 

portability across various computational environments and 

scalability to accommodate growing computational resource 

sizes. Workflow engines on GCP (Google Cloud Platform) like 

Terra and Cromwell can execute workflows on local machines, 

cloud platforms, and batch job schedulers. Administrators must 

install container runtimes, such as a docker engine and 

singularity, for multi-platform use [6]. 

The human reference genome assembly has been available for 

two decades, and advancements in sequencing technology have 

enabled rapid whole-genome sequencing in single institutes. 

WGS (whole-genome sequencing) data analysis applications 

will enable large-scale data analysis on multi-clouds, integrate 

datasets with a population scale, and ensure the reproducibility 

of publications through modern workflow engines and 

scalability. In human genetics, expert-knowledge-driven 

approaches from medical and biological professionals and data-

driven approaches from computer science applied to 

epidemiology, such as AI (artificial intelligence), are required 

for domain-specific downstream data interpretations. For 

reliable diagnostic, prognostic, and therapeutic tools, as well as 

generalized outcomes, genomic studies should involve a wide 

range of majority and minority populations. The field of 

genomics in medicine is entering a new era, and to increase the 

application of gene therapy in the treatment of emerging 

infections and disorders, there needs to be a united worldwide 

effort. 
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