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With the arrival of genomic medicine, there is a growing 
consensus for a need to enhance the genomic literacy of 
healthcare professionals.1-3 The increasing adoption of 
genomic and other high-throughput ‘omics technologies in 
clinical labs requires that healthcare professionals, in 
particular, physicians be equipped with the knowledge and 
skills to understand and interpret genomic and other high-
throughput ‘omics data for patient care. Indeed, this critical 
need was articulated in a report by the Human Genomics 
Strategy Group4 (established as part of the UK Govern-
ment's response to the 2009 House of Lords Inquiry into 
genomic medicine) that recommended "urgent action" be 
taken by the Department of Health to "ensure that workforce 
developments do not lag behind service developments, and 
that an appropriately skilled workforce is available". 

In this opinion piece, we argue that enhancing the liter-
acy of physicians in the understanding and interpretation of 
genomics and other ‘omics data should be integrated into 
the core medical curriculum, and we propose a set of 
foundational concepts/skills to be taught as a translational 
bioinformatics module. 

Addressing the challenge of high-throughput genomics 
and other ‘omics data for physicians 

Genome sequencing and other high-throughput 'omics 
technologies are poised to effect a major paradigm shift in 
medical care. The increasing accessibility of such technolo-
gies to interrogate the genomic, transcriptomic, proteomic, 
metabolomic, and microbial profile of patients provides a 
wealth of data that may be used to guide the diagnosis and 
monitoring of specific diseases, and potentially to infer 
future health risks.5 The potential of ‘omics profiling is 
exemplified by a recent paper where genomic, tran-
scriptomic, and metabolomics data were used to estimate 
the disease risk of a healthy individual.6 Given the advances 
in high-throughput technologies, it is anticipated that such 
profiling would be increasingly available to patients and the 
general public. 
 

This increase in accessibility of ‘omics profiling presents an 
additional challenge to the physician, as data from ‘omic 
profiles typically includes representations of complex data 
and is often difficult to summarize. Physicians therefore 
need to be conversant with the analysis of such profiling 
data in order to interpret and translate the data into advice 
for the patient or into a clinical decision. This need for 
balanced interpretation of high-throughput data is evident 
even today; physicians increasingly encounter patients who 
are familiar with public bioinformatic databases and use 
commercial genomic services. In these cases, the physician 
plays a critical role in distilling the patient’s genomic data, 
and translating them into advice or a clinical decision, 
which may be in the context of ambulatory or in-patient 
care. In ambulatory care for example, healthy patients who 
use genome services would consult a physician to obtain 
advice on any potential health risks identified by genome 
sequencing. Here, the physician would need to explain to 
patients how risk scores are calculated, how the scores 
should be interpreted and evaluated for their reliability. In 
an in-patient setting, for instance in oncology, patients who 
have their tumours sequenced would need the expert 
opinion of a physician to translate the genomic data into a 
clinical decision about treatment options. 

In light of the rapid advances and increasing adoption of 
‘omics technologies in the clinic, there is a critical need for 
physicians to be familiar with the analysis and interpreta-
tion of such high-throughput data in order to make clinical 
decisions and to communicate health risks to patients, who 
have access to data requiring the expert opinion of physi-
cians. We propose that physicians need to be equipped with 
a set of skills which fall under the category of 'translational 
bioinformatics' (considered by some authors as synony-
mous with clinical bioinformatics7), defined by the Ameri-
can Medical Informatics Association (AMIA) as "the 
development of storage, analytic, and interpretive methods to 
optimize the transformation of increasingly voluminous 
biomedical data, and genomic data, into proactive, predic-
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tive, preventive, and participatory health”.8 The set of 
interpretive methods in translational bioinformatics is of 
greatest relevance to physicians, and is based on the under-
standing of quantitative and statistical methods, familiarity 
with biomedical databases, and proficiency with bioinfor-
matics tools. These skills of translational bioinformatics will 
help physicians understand how to evaluate and interpret 
‘omics data that we anticipate will be routinely available to 
both physician and patient. 

A need for incorporating clinical and translational 
bioinformatics into the core medical curriculum 
After more than half a decade of rapid growth, translational 
bioinformatics is steadily expanding its footprint, from a 
series of international conferences worldwide driving 
interest, a slew of journals focusing on various aspects of 
translational and clinical bioinformatics, and corresponding 
training and certification programs in leading institutions.9 
Although garnering interest mostly from non-health 
professionals to date, there is a general consensus that 
certain clinical post-graduate specialty disciplines, in 
particular genetics10 and molecular pathology,11 require 
their practitioners to possess some degree of proficiency in 
bioinformatics. It is our opinion that such bioinformatics 
training should not be limited to certain post-graduate 
disciplines, but extended to post-graduate continuing 
medical education, and to the core medical curriculum. 

It is anticipated that every future physician, whether in 
public health12 or surgery,13 will encounter genomic (or 
other ‘omic) results in some form that requires the ability to 
understand how these results were generated, and to 
interpret the significance of such findings. In a recent 
JAMA article exploring the clinical implications of whole-
genome sequencing in healthy adults, primary care physi-
cians were presented with genomic results in an attempt to 
understand the burden and cost of clinical follow-up 
following the identification of pathogenic variants.14, 15 

Proposal for a clinical/translational bioinformatics 
curriculum 
In response to these challenges, we propose that transla-
tional bioinformatics be included in the core medical 
curriculum so that every physician will be equipped with 
core concepts and skills needed to understand and interpret 
genomic and ‘omics data, based on a firm grasp of relevant 
concepts in mathematics, probability, statistics, and compu-
ting. The specific concepts and skill sets to be taught in a 
medical undergraduate clinical/translational bioinformatics 
module include: 

1. Understanding of molecular biology and genetics, with a 
focus on diseases and high throughput ‘omics  
technologies. 

2. Understanding of biostatistical methods (null hypothesis 
testing, Bayesian inference) with an emphasis on recent 
developments in analyzing high-throughput data. 

3. Familiarity with biomedical databases, the sources of their 
data, their accuracy, reliability and quality of curation, par-
ticularly those readily accessible to patients. 

4. Proficiency with bioinformatics tools for analysis, interro-
gation and visualization of data (for example, the Integra-
tive Genomics Viewer16). 

5. Familiarity with genetic counseling, with emphasis on 
communicating risks and choices. 

6. Understanding of ethical and legal issues involving ‘omics 
data, including privacy, confidentiality, data protection. 

How might this module be taught? We believe that didactic 
lectures, initially focusing on the core concepts, need to be 
supplemented with practical hands-on sessions that incor-
porate representative medical case scenarios. For instance, 
students can be taken through a case of a healthy patient 
with genomic data that requires the use of bioinformatics 
tools to interrogate potential genomic variants and assess 
their significance by cross-referencing them to biomedical 
databases on gene function. In this way, translational 
bioinformatics may be reinforced as a practical skill that is 
needed when managing patients with ‘omics profiles. 

Conclusions 
In summary, the advent of genomic medicine presents a 
new challenge for physicians who need to understand and 
interpret high-throughput ‘omics data in order to com-
municate them to patients who share in the decision-
making process in planning treatments and making 
healthcare decisions. Accordingly, there is a critical need to 
provide teaching and training for healthcare professionals, 
in particular physicians, and this need has been recognized 
internationally. Several countries, such as the United States 
and Canada, have delineated a national vision and strategy 
for genomic medicine. In the UK, Genomics England, with 
its 100K Genome Project, has embarked on delivering 
genomics into mainstream healthcare in the National 
Health Service.17  
 At a time when the public is increasingly looking toward 
the physician for guidance and advice on ubiquitous bio-
medical, genetics and genomic data, it is important for 
those responsible for shaping medical education to adopt a 
proactive approach in defining and incorporating such 
curricula at different phases of the physicians' education 
and training. Given the long lead time in changing the 
medical curriculum, now is as good a time to begin design-
ing such a course that will give our students a head-start in 
the future of modern medicine. 
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