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For the longest time, medical problems associated 
with our DNA have been the hardest to correct. 
Genetically inherited diseases and disorders, somatic 

mutations both cancerous and non-cancerous, and even 
retroviral infections all lead to intrinsic- and extrinsic- driven 
modifications in our genome that can negatively impact our 
health. These medical issues have now re-emerged in a 
different light, as we optimize recently developed genetic 
sequencing1-3 and editing4-8 strategies. It is an exciting time 
for the field of precision medicine as it reaches new heights 
in characterizing diseases and acquiring viable solutions to 
current issues in medical genetics.3,6

 
The year 2003 marks the completion of the Human 
Genome Project, which had taken 13 years to generate 
and complete the first human reference genome with a 
total expense of $2.7 billion dollars.9-11 Thanks to various 

technological advancements and the development 
of parallel sequencing via microscale reactions, we 
have made tremendous advancements. Today, it takes 
less than 2 days and costs less than $1000 dollars to 
sequence an entire human genome.10,12 This allowed an 
increase in samples and genetic diversity in our existing 
genome databases. As a result, statistical analyses can be 
conducted to efficiently identify disease-causing variants 
through Genome-Wide Association Studies (GWAS).13,14

With the expansion of human genetic variant catalogs 
and reduced cost of genome sequencing, the field of 
medical diagnostics now has the potential to enhance 
disease characterization with genetic-level accuracy.10 
For example, cancer was previously characterized 
simply based on its size and organ of origin; today, we 
recognize that ‘same’ cancer types can be unique across 
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individuals depending on the oncogenes involved. Given 
that the presence or absence of specific genes can have 
a significant impact on the stability and effectiveness of 
drugs, gene identification and characterization will provide 
more information on disease progression and treatment 
response.15 Furthermore, this also challenges our traditional 
‘one-size-fits-all’ approach in treating complicated genetic 
diseases, including cancer.16 With reduced price and 
increased efficiency of genome sequencing, the ‘luxury’ of 
personalized, precision medicine (at the genetic level) is 
now within reach.11

Rather than characterizing gene functions and mutations 
through labor-intensive genetic knock-out studies in 
animals, the statistical top-down approach of GWAS 
has transformed current genetic research by efficiently 
identifying phenotype-related mutations.14 At this rate, we 
will be able to identify most common disease-causing 
genetic variants, characterize rare ones and track novel 
mutations emerging in our population. In addition, it can 
be used to reveal genes involved in complex polygenic 
traits and illnesses, which will expand our understanding 
of non-Mendelian genetics and present the big picture 
behind genetic interactions.17 Due to developments in 
gene-sequencing technologies, we are now at the edge 
of transforming the field of medical genetics as we unlock 
previously impervious issues. 

Coincidentally, enabled by the advancements in DNA 
sequencing strategies, we now have a potentially viable 
solution to cure genetic diseases that were and will be 
characterized. A breakthrough emerged in 2013, when 
Zhang and his team realized the potential of a bacterial 
immune response to be used as an efficient gene-editing 
tool and introduced the CRISPR-Cas9 strategy.7 Although 
gene modification strategies have been around for 
decades, this technology has also substantially increased 
the efficiency and reduced the price of gene editing 
compared to previously available techniques.8

 
As a precaution with this technique’s current limitations, its 
direct usage for human genome modification(s) is highly 
restricted.18 Nevertheless, due to its revolutionary potential 
in eliminating genetic diseases and predispositions, it 
has already made indirect ways inside medical research. 
In search for more effective cancer treatments, various 

immunotherapeutic studies are undergoing initial phases 
of clinical trials with very promising results.16 The strategic 
utilization of genetically modified T-lymphocytes or 
oncolytic viruses may one day successfully eliminate 
cancer and provide personalized vaccines against future 
re-emergence.19,20 At such an early stage of technique 
development, CRISPR already promises many possibilities 
that can revolutionize the future of medical treatment. In 
addition, its reduced cost and practicality has made it an 
invaluable tool for both medical and academic research, 
this increased use presents an opportunity for optimization 
and refinement of the technique.6,7 Each limitation will 
inevitably be characterized and addressed, hopefully 
leading to the development of an effective genetic disease 
treatment.

Historically, high demand accompanied with price deflation 
and increased efficiency were common themes behind 
exponential growth,21 similar to the trends we currently 
observe in genetics. Due to its promising trajectory, the 
field is currently receiving attention from influential and 
powerful investors. Cathie Wood, the CEO and founder of 
ARK invest, claims that “the genomic revolution is going 
to change healthcare as we know it, partly because of the 
‘good’ kind of deflation” - as she alludes to Wright’s law 
of experience curve.21,22 With the support of both public 
and private sectors, funding for genetic medical research 
will continue to increase, which will further expedite 
future developments. Undeniably, these snowballing 
advancements are now at the cusp of undertaking 
revolutionary strides towards transforming the fields of 
medical diagnostics and treatments.
 
Undoubtedly, these novel discoveries and the possibilities 
they offer brings great bioethical and safety concerns,18 and 
it would be foolish to ignore the dangers and repercussions 
associated with them. However, as we tackle each limitation 
and establish appropriate regulations, they will certainly 
develop into powerful tools that will surely revolutionize 
medicine as we know it.

Clearly, our accomplishments thus far have helped shine 
the light at the end of the tunnel for the endless possibilities 
we strive to create in medicine. Medical institutions should 
update current curriculums and consider these changes to 
better prepare future medical practitioners for the inevitable 
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transformation in the field of healthcare.23 Hopefully, with 
our advanced understanding of these concepts and issues, 
we would be inspired to act by stimulating conversations 
and generating new ideas both within the scientific 
community and the general public. Together, these actions 
will inevitably propel us towards the promising medical 
future ahead.
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