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Application of computer on Pharmacogenomics
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- Background

Pharmacogenomics is an emerging field that explores the relationship
. between a person’s genetic makeup and their response to drugs.

. Objectives

applications have been instrumental in advancing

pharmacogenomics research and facilitating personalized medicine.
. In this abstract, we review some of the key computer applications
used in pharmacogenomics research, including bioinformatics tools
for analyzing genetic data, machine learning algorithms for predicting
drug response, and clinical decision support systems for guiding drug
selection and dosing. We also highlight the challenges and opportunities
* in the field of pharmacogenomics, including the need for large-scale,

multi-omics datasets, and the importance of developing robust and
interpretable machine learning models. Overall, computer applications
have played a critical role in enabling pharmacogenomics research
and have the potential to revolutionize the practice of medicine by
facilitating the development of more personalized and effective drug
therapies.
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INTRODUCTION

The focus of pharmacogenomics (PGx) research is to
improve the effectiveness and safety of existing medical
therapies by revealing the impression of individual
genetic dissimilarity on drug response. Its ultimate
goal is to promote a shift from the existing prescription
paradigm based on empirical trial and error towards one
more stratified and accurate!. Pharmacogenomics, which
integrates pharmacology and genomics elements, has been
overgrown over the last decade. The Pharmacogenomics
field has advanced in the past 20 years, and new

tools for detecting genetic variations have
emerged”. Exploring the complex relationships
between genes, medications, interpretations,
and phenotypes is now feasible using high-
throughput computer technology.

Furthermore, pharmacogenomics is an integral
part of patient treatment. It’s an enormous
sector that exists worldwide. Large-scale
administration and personnel are essential for
the smooth operation of the Pharmacogenomics
area. However, advancements in computer
technology have significantly decreased
the need for human labor and time in the
pharmacogenomics sector. Virtually every
facet of genomics relies on computers in some
way. These are used for pharmacogenomics
research, computer-assisted learning in
hospitals and clinics, medication storage and
inventory management, and the creation of
new medicines. The role of pharmacogenomics
in different sectors is depicted in Fig 1. As
a subfield of pharmacy, pharmacogenomics
is a growing field of study. Around 1980,
computers began to be widely used in the
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Drug design and
discovery

Drug rescue

Diseases management: Diagnosis
and Prognosis

Gene therapy and
oncology

Drug safety and efficacy

Clinical pharmacy

Fig 1. Role of Pharmacogenomics

pharmacy industry. Since then, the pharmaceutical
industry has shown a significant interest in computing.
Computers provide several benefits, including the
ability to do more in less time, more accuracy, fewer
mistakes, less need for human labor, more incredible
speed, less fatigue, more memory, and greater storage
capacity’. Computer applications play a crucial role
in pharmacogenomics research by providing tools
to analyze and interpret genomic data, predict drug
responses, and develop personalized treatment plans.
This paper discusses the applications of computer
technology in pharmacogenomics, its benefits, and
challenges.

METHODOLOGY:

A systematic search was conducted using electronic
databases, including Google Scholar, PubMed, Medline,
and Web of Science. The search terms used were
“pharmacogenomics” AND “computer application.”
The search was limited to articles published in English
between 1988 and 2023 (Fig 2).

Ethical Clearance:

Pharmacogenomics data are sensitive, and there are
ethical and legal issues surrounding their use and
storage. To address these issues, researchers and

Inclusion Criteria
= Focus on computer applications

in pharmacogenomics
= Peer-reviewed journals
= Writtenin English

50 articles were included
for relevant information
200 articles were
L 150 articles were

excluded because of non
relevant information
except abstract

Google Scholar, PubMed, Medline, and
Web of Science

Fig 2. Methodology for article search protocol

developers must adhere to ethical guidelines and data
protection regulations.

Results and discussion
Application of computers in pharmacogenomics
E-learning

The term “e-learning” has come to refer to the
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E-learning

—

Individuals self placed e-learning
online

- Conducting research alone via
internet

N

Individuals self placed e-learning
offline

- Conducting research alone
computer-assisted learning
package offline

N\

Group based e-learning

Synchronously

- Groups of learners are

working together in real time via an
Intranet, e.g., text-based conferencing,
two-way audio and videoconferencing

Group based e-learning
Asynchronously

- Learners work on-line discussions via
electronic mailing lists and text-based
conferencing within learning
managements systems

Fig 3. E-learning platforms for the study of pharmacogenomics through computer

educational practice of using digital media and the
Internet for educational purposes. E-learning is also
known as online, virtual, distributed, network-based,
and web-based learning*. Pharmacists and other
healthcare graduates may find the Online Program in
Pharmacogenomics very useful. Issues related to health
pharmacogenomics are covered in depth throughout
the e-learning program. In addition, it emphasizes the
development and administration of quality initiatives.
It also provides a well-regarded academic education.
There is no prerequisite for participants to have any
knowledge of pharmacogenomics. The computer plays
a crucial part in this form of E-learning program, with
examples including text-based conferencing under
learning management systems and online conversations
through electronic mailing (Fig 3).

Digital libraries

A digital library is an online or offline collection of
electronic documents, images, audio, video, and other
materials. The ability to access digital knowledge from
any location in the world is one of the main reasons why

digital libraries have gained so much attention in recent
years. Educators, scientists, and professionals now
commonly rely on them as well as prefer them to other
sources of knowledge. The rapid growth of the Internet
and the growing interest in developing computer have
both aided in the rapid digitalization of printed texts in
past years. Moreover, lots of pharmacogenomics data
including gene and genome information are stored in
digital libraries> . However, digital libraries provide
several benefits, including the ability to store more
information in a smaller footprint, reduce library
maintenance costs, speed up the search process, and
more.

Entity recognition (identifying genes, drugs, variants
& phenotypes)

Recognition of biological entities such as genes,
medicines, and variations in text has also made great
strides. The usage of everyday English terms as gene
names, among other concerns’, makesitvery challenging
to automatically detect genes. Good progress was made
on the problem of recognizing genes in text due to the



https://www.ibnsinatrust.com/Medical_College_Hospital.php

Bangladesh Journal of Medical Science

Volume 23 No. 02 April 2024

©The Ibn Sina Trust

Critical Assessment of Information Extraction systems
in Biology®. ABNER’, LingPipe!®, and BANNER!"
are just a few of the computer-based tools that may
be used to annotate genes in text. Furthermore, a
number of programs, such as MutationFinder'?,
MarkerInfoFinder'®*, MuteXT", and Pharmspresso',
can recognize genetic variants in written form (such
as C3435T). With this context of view, application of
computer in genomic field is vast.

Genomic Databhases

Genomic databases play a vital role in
pharmacogenomics research. They provide researchers
with access to a vast amount of genomic data that
can be analyzed to identify genetic variations that
are associated with drug responses. One of the most
widely used genomic databases is the National Center
for Biotechnology Information’s (NCBI) GenBank'®.
This database contains DNA sequences for a wide
range of organisms, including humans. Researchers
can use GenBank to search for specific genes or
genetic variations that are associated with drug
responses. Another popular genomic database is the
Pharmacogenomics Knowledge Base (PharmGKB)'.
This database contains information on how genetic
variations affect drug responses, including data on drug
interactions, adverse drug reactions, and drug efficacy.
Researchers can use PharmGKB to identify genetic
variations that are associated with drug responses and
to develop personalized drug therapies's.

One of the challenges in pharmacogenomics is
integrating data from different sources. This requires
the use of data integration tools such as BioMart" and
InterMine®. These tools allow researchers to query
multiple databases simultaneously and integrate the
results.

Genomic Data Analysis

One of the most important applications of computer
technology in pharmacogenomics is data analysis.
Pharmacogenomics involves analyzing vast amounts of
genomic data to identify genetic variations that affect
drug response. The analysis requires the use of high-
performance computing (HPC) systems, which can
handle large datasets, complex algorithms, and parallel
processing? >, HPC systems enable researchers to
process genomic data faster, accurately, and efficiently.
The use of HPC has led to the discovery of new drug
targets and biomarkers for personalized medicine.

Furthermore, there are several computational tools
available for data analysis in pharmacogenomics. These
tools include bioinformatics software for sequence
alignment, variant calling, and annotation. They also
include statistical packages for data normalization,
hypothesis testing, and machine learning algorithms
for classification and prediction. Popular genomic data
analysis software includes GATK?*, Samtools*, BWAZ,
and VarScan?”2%.

Drug Discovery

The traditional approach to drug discovery involves
synthesizing compounds, testing them in vitro and
vivo, and optimizing them for efficacy and safety.
However, this approach is time-consuming, expensive,
and often yields limited success. The integration of
computer technology in drug discovery has led to the
development of in silico methods that accelerate the
process of drug discovery. In silico methods involve
using computational models to predict the efficacy and
toxicity of drugs, optimizing the drug structure, and
identifying potential drug targets. Moreover, the use
of in silico methods reduces the time and cost of drug
discovery and increases the success rate®.

Bioinformatics Tools

Bioinformatics tools are computer applications that
are used to analyze genomic data. These tools may be
used to uncover genetic variants linked to medication
responses and generate customized pharmacological
therapy?’. In pharmacogenomics research, some of the
most used bioinformatics tools include (Fig 4)-

Genome-Wide Association Studies (GWAS)

GWAS is a bioinformatics tool that is used to identify
genetic variations that are associated with disease or
drug responses®! *2, In a GWAS, researchers compare
the DNA of individuals who have a particular disease
or who respond differently to a drug to the DNA of
individuals who do not have the disease or who respond
differently to the drug. By comparing these two groups,
researchers can identify genetic variations that are
more common in the group that has the disease or that
responds differently to the drug.

Next Generation Sequencing (NGS)

NGS is a bioinformatics tool that is used to sequence
entire genomes or specific genes®’. NGS may be used to
discover genomic variants linked to drug reactions. For
example, NGS can be used to identify mutations in the

ENEVCVI RN /111p://www.banglajol.info/index.php/BIMS
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Genome-
Wide
Association
Studies

PREDICT &
youSCRIPT

Next
Generation
Sequencing

Bioinfo

rmatics

Personalized
Medicine

Drug
Repurposing

Drug
Interaction
Predictors

Modelling

Fig 4. Different bioinformatics tools possibly used in pharmacogenomics

CYP2D6 gene, which is responsible for metabolizing
many commonly used drugs. Mutations in this gene can
affect how quickly or how slowly a person metabolizes
a drug, which can affect the drug’s efficacy and toxicity.

Drug Interaction Predictors

Bioinformatics techniques known as “drug interaction
predictors” try to guess how two medications will
react to one another, or to things like food or alcohol.
These tools can be used to develop personalized
drug therapies that minimize the risk of adverse drug
reactions. For example, a drug interaction predictor
could be used to identify drugs that should not be
taken together because they can cause a dangerous
drop in blood pressure. KGNN?**, and DPDDI* are two
examples of computational methods that can predict
drug interactions.

Modeling

Another important application of computer technology
in pharmacogenomics is modeling. Modeling involves
the use of mathematical and statistical models to predict
drug response based on genetic variations. These models

can aid drug development and personalized medicine
by identifying genetic markers that are associated
with drug efficacy, toxicity, and pharmacokinetics.
There are several modeling techniques available in
pharmacogenomics including linkage analysis®,
and machine learning algorithms®’. Linkage analysis
involves the analysis of familial data to identify genetic
markers that are linked to drug response while machine
learning algorithms involve the use of statistical models
to predict drug response based on genetic variations.
Machine learning methods notably decision trees,
random forests*, and neural networks are all employed
in pharmacogenomics. Moreover, the PREDICT-1
study is a large-scale clinical trial that aims to develop
and validate a pharmacogenomics model for warfarin
dosing®. The study involves the use of machine
learning algorithms to predict the optimal warfarin
dose based on genetic variations, clinical factors,
and demographic data*'. Similarly, Pharmacokinetic
modeling is a technique used to predict how drugs will
be absorbed, distributed, metabolized, and excreted in
the body. Computer applications have made it possible
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to develop complex pharmacokinetic models that can
predict drug responses accurately. SwissADME®,
PreADMET#, and Simcyp Simulator** are three
examples of pharmacokinetic models. These models
can be used to optimize drug dosing and minimize
side effects. In addition, these tools can aid drug
development and personalized medicine by predicting
drug concentrations in different populations and
identifying factors that affect drug metabolism and
excretion.

Drug Repurposing

Drug repurposing involves identifying new uses for
existing drugs. It is a cost-effective approach to drug
discovery since the drugs have already undergone
clinical trials and are known to be safe. Computer
technology has revolutionized drug repurposing by
enabling researchers to analyze vast amounts of genomic
and clinical data to identify drugs that can be used to
treat different diseases. The use of computer technology
has led to the discovery of new uses for drugs, such as
the use of metformin, an antidiabetic drug, in cancer
treatment*’.

Personalized Medicine

Customizing a patient’s medical care to their unique
DNA is at the heart of personalized medicine. Computer
technology plays a crucial role in personalized
medicine by enabling the analysis of an individual’s
genome and identifying genetic variations that affect
drug response. The use of computer technology in
personalized medicine has led to the development of
pharmacogenomics tests that can predict an individual’s
response to medication. The tests let doctors prescribe
the safest possible dosage of a medicine, decreasing the
possibility of side effects and toxicity.

Decision Support Systems

Decision support systems are computer programs
that provide clinicians with  evidence-based
recommendations for drug dosing and selection
based on the patient’s genetic profile. These systems
use algorithms to analyze patient data and provide
personalized treatment plans. Examples of decision
support systems include PREDICT* and YouScript®.

Future directions and challenges

Computer applications will continue to play a critical
role in the development of pharmacogenomics. As
technology continues to advance, we can expect to

see more personalized medicine, machine learning
algorithms, data analytics tools, genomic sequencing,
and integration with electronic health records. These
developments will ultimately lead to better patient
outcomes and more effective treatment options.
Computer applications can play a crucial role in
pharmacogenomics by facilitating the analysis of
large volumes of genomic data and supporting the
discovery of new drug targets. However, there are
also several challenges associated with the use of
computer applications in pharmacogenomics. In the
present study, we have addressed some challenges with
potential solutions regarding computer applications in
pharmacogenomics.

Data integration

Pharmacogenomics involves the analysis of large
amounts of genomic, clinical, and drug-related data.
The integration of these different data sources can
be challenging, as they may be stored in different
formats and structures. Potential solutions to this
challenge include developing standard data formats
and ontologies, and using data integration tools and
algorithms to automate the process.

Data Quality

The quality of the genomic data wused in
pharmacogenomics can be affected by factors such as
sample collection, storage, and processing. There are
a few possible approaches to resolving this difficulty,
including the creation of quality control measures and
standards for genomic data and the use of machine
learning algorithms for mistake detection and correction.

Data Privacy

Genomic data is sensitive and confidential information
that must be protected to avoid illegal access and
usage. Using safe data-sharing platforms that are in
accordance with applicable privacy requirements, such
as the General Data Protection Regulation (GDPR)™, is
one potential approach to resolving this issue.

Interpretation of Results

Interpreting the massive volumes of complicated data
produced by genetic data analysis could be challenging.
The use of machine learning algorithms to predict drug
response based on genetic data and the development of
algorithms that prioritize genetic variations based on
their functional relevance are two possible approaches

ENEVCVI RN /111p://www.banglajol.info/index.php/BIMS
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Clinical Implementation

The integration of pharmacogenomics into clinical
practice can be challenging due to factors such as lack of
standardization, limited clinical evidence, and the need
for specialized expertise. Creating pharmacogenomics
clinical standards, educating healthcare professionals,
and integrating pharmacogenomics into electronic
health records are a few possible solutions to this
problem.

Computational infrastructure

Pharmacogenomics data are often large and complex,
and require significant computational resources for
analysis. Cloud computing and distributed computing
can be used to address this challenge.

Conclusion

In conclusion, computer technology has revolutionized
the field of pharmacogenomics, allowing for the
analysis of large datasets and the prediction of drug
response based on genetic variations. Data analysis,
modeling, and simulation are important applications
of computer technology in pharmacogenomics, aiding
drug development and personalized medicine. As
the field continues to evolve, it is expected that more

sophisticated computational tools will be developed,
leading to the discovery of drugs.
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