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Translational Bioinformatics

Translational Bioinformatics (Clinical + Biological + Informatics) is a discipline that builds on the 

successes of bioinformatics and health informatics for the study of complex diseases. Bioinformatics 

approaches, focused on areas from molecules to populations (e.g., clinical genomics, genomic 

medicine (personalized medicine), pharmacogenomics, and genetic epidemiology), form the 

foundation of approaches that are used by translational bioinformatics. It thus bridges knowledge 

acquired from both the biological (using bioinformatics) and health (using health informatics) 

domains. Accordingly, the success of translational bioinformatics will result in the crossing of the T
1
 

translational barrier, and thus link innovations from bench to bedside. 

 

Various Definitions of Translational Bioinformatics 

 Translational bioinformatics is “the development of storage, analytic, and interpretive methods 

to optimize the transformation of increasingly voluminous biomedical data, and genomic data, 

into proactive, predictive, preventive, and participatory health”. 

 Translational bioinformatics is “the development of methods to transform massive amounts of 

data into health”. 

 Translational bioinformatics ‘‘informatics methods that link biological entities (genes, proteins, 

and small molecules) to clinical entities (diseases, symptoms, and drugs)—or vice versa”. 

 

Translational Research 

Translational research (translational medicine/translational science/bench-to-bedside) is basically 

translating knowledge obtained from laboratory science into clinical practice in order to improve 

human health. It involves the process of applying ideas, insights, and discoveries unveiled through 

basic scientific researches for the welfare of mankind. The knowledge acquired, mechanisms devised, 

and techniques developed using basic science researches are effectively translated into new 

approaches for prevention, diagnosis, and treatment of diseases. The applications of such basic 

scientific discoveries in clinical and community settings thereby are instrumental in bridging the gap 

between biomedical science and medical practice.  

Translational research has often been described in phases of translation, also known as “T-phases” 

that revolve around the development of evidence-based guidelines. The Institute of Translational 

Health Sciences (ITHS) has adopted a model of five phases (T
0
 – T

4
) of translational research, 

 

 T0 – Basic Research (not translational): Basic science discovery and laboratory research before 

clinical testing. 

 T1 – Translation to Humans: Testing basic science discoveries for clinical effect and/or its 

applicability. 

 T2 – Translation to Patients: Testing new interventions in human subjects under controlled 

environments to form the basis for clinical applications and evidence‐based guidelines. 
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 T3 – Translation to Practice: Research on the application of new interventions or therapies in 

general practice; research that yields knowledge on best ways to implement new medical 

interventions in the clinic. 

 T4 – Translation to Population Health: Investigations of factors and/or interventions that 

influence the health of populations; ultimately results in improved health of the public. 

 

Clinical Research 

Clinical research is where a researcher interacts directly with a person or group of people to answer 

specific health questions. Clinical research helps doctors and researchers find new and better ways 

to understand, detect, control, and treat illness. 

Clinical trials are part of clinical research and are critical to advancing medicine. They are research 

studies involving volunteer participants that evaluate new medical approaches and increase scientific 

understanding of a wide variety of diseases. 

 

Translational Bioinformatics in Drug Discovery 

Basic and translational research can be considered as complementary areas of human endeavor that 

differ primarily in integration and practicality, respectively. Whereas basic science contributes in 

deriving deeper knowledge in the desired field, the significance of translational science lies entirely 

in its practicality. 

 

 

 

Figure 1: Drug discovery and development pipeline. 

 

Translational drug discovery demands both the need for cooperation between clinical and 

pharmacological research, and the significance of the role of academia in target identification and 

drug discovery, design, and development. The drug discovery is a time-consuming and costly 

process. The process takes 12–15 years to release a new drug into market, and average cost for the 

development of a new drug is about 600–800 million dollars. Among 10,000 drugs that are applied 

on animals, only ten of them are tested for human clinical trials, in which one or two of the drugs 

only are put into the market. 
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In order to reduce the research timeline and cost, various computational methods were used. The 

computer-aided drug design (CADD) process is fast, automatic and less expensive with high success 

rate and fruitful with respect to intellectual property rights. The problems encountered for this 

procedure with possible solutions are given below. 

 

Table 1: Problems faced by drug industry with its possible solutions 

 

# Problems Possible Solutions 

1 Target search Genome information 

2 Target validation Knockouts, RNA silencing 

3 Lead search In vitro test models, High-throughput screening 

4 Lead optimization Parallel syntheses, Chemogenomics 

5 Absorption, Permeability Lipinski’s rules, Caco cells, Prodrugs 

6 Metabolism Liver microsomes 

7 Toxicity Ames test, hERG models 

8 Drug-drug interactions CYP inhibition/induction 

 

Translational bioinformatics is built on the successes of research in drug discovery and development. 

The four notable areas connected to the present discourse are clinical genomics, genomic medicine, 

pharmacogenomics, and genetic epidemiology (figure below). 

 

 

 

Figure 2: Bridging biological and clinical knowledge using translational bioinformatics. 
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• Clinical Genomics (Clinicogenomics) is the study of clinical outcomes with genomic data. It 

uses the entire genome of a patient in order to diagnose diseases or adjust medications exclusively 

for that patient. Whole genome testing can detect more mutations and structural anomalies than 

targeted gene testing. Furthermore, targeted gene testing can only test for the diseases for which 

the doctor screens, whereas testing the whole genome screens for all diseases with known markers 

at once. 

• Genomic Medicine (Personalized Medicine/Theranostics/P4 Medicine/Stratified Medicine) 

is a medical model that separates people into different groups and with medical decisions, 

practices, interventions and/or products being tailored to the individual patient based on their 

predicted response or risk of disease. Personalized health care is based on the dynamics of systems 

biology and uses predictive tools to evaluate health risks and to design personalized health plans 

to help patients mitigate risks, prevent disease and to treat it with precision when it occurs. 

• Pharmacogenomics (pharmacology + genomics) is the study of the role of the genome in drug 

response. It analyzes how the genetic makeup of an individual affects his/her response to drugs. 

It deals with the influence of acquired and inherited genetic variation on drug response in patients 

by correlating gene expression or single-nucleotide polymorphisms (SNP) with pharmacokinetics 

(drug absorption, distribution, metabolism, and elimination) and pharmacodynamics (effects 

mediated through a drug’s biological targets). 

• Genetic Epidemiology is the study of the aetiology (the cause, set of causes, or manner of 

causation of a disease or condition), distribution, and control of disease in groups of relatives and 

of inherited causes of disease in populations. Genetic epidemiology seeks to derive a statistical 

and quantitative analysis of how genetics work in large groups. 


