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ABSTRACT
The field of drug discovery has seen a substantial transformation thanks to genomic technologies,
which have accelerated the process of finding possible therapy targets and evaluating drug
candidates. Personalized medicine has been made possible by recent developments in large-scale
databases and high-throughput genomic technology, which have improved our understanding of
the basic underpinnings of disease. Mapping genetic variants linked to diseases and analyzing
aberrant gene expression patterns to find potential targets for treatment are important parts of this
procedure. Scientists employ computational techniques that leverage vast databases of gene
expression profiles, protein structures, and small chemical libraries to forecast the potential
efficacy of pharmaceuticals and detect any inadvertent adverse effects. Drug candidates can be
systematically tested against different cell lines with known genomic information using
platforms like CMap and CCLE, which aid in the discovery of biomarkers that indicate treatment
sensitivity or resistance. By combining data from several omics levels, scientists can develop a
comprehensive understanding of the causes of disease and predict the effectiveness and potential
resistance to medications. As the field evolves with discoveries like single-cell genomics and AI-
driven discovery, genomic tools will become more and more crucial to address the complexities
of disease biology and accelerate the creation of safe and effective treatments.
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INTRODUCTION
The lengthy and complex process of drug discovery and development means that there is
minimal possibility of effective pharmaceutical candidates making it to market. Several factors
contribute to this, including the complexity of disease biology, challenges in identifying therapy
targets, and issues in predicting drug safety and efficacy (Scannell et al., 2012; Waring et al.,
2015). However, new developments in high-throughput genomic technology and large-scale
datasets have fundamentally altered these processes (Mardis, 2011; Garraway & Lander, 2013).
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The rapid and affordable sequencing of genomes, transcriptomes, and epigenomes made feasible
by next-generation sequencing (NGS) technology has resulted in a considerable fall in
sequencing costs since 2013 and an increase in relevant publications (Metzker, 2010; Goodwin et
al., 2016). Genomic-based approaches play a critical role in the current drug development
process, supporting all stages from target identification to determining medication efficacy and
resistance (Katsila et al., 2016; Pushpakom et al., 2018).

NEXT-GENERATION SEQUENCING (NGS) TECHNOLOGIES IN DRUG DISCOVERY
The quick and affordable sequencing of genomes, transcriptomes, and epigenomes made possible
by next-generation sequencing (NGS) technologies has completely changed the drug
development process. These high-throughput platforms, such as Illumina, Ion Torrent, and
PacBio, have significantly improved the speed, accuracy, and scalability of DNA and RNA
sequencing, facilitating a deeper understanding of disease genetics and personalized therapy
development (Metzker, 2010; Goodwin et al., 2016).

NGS has enabled the comprehensive cataloging of genetic variations, including SNPs, insertions,
deletions, and structural variations, across the human genome. By sequencing the genomes of
individuals with a particular disease and comparing them to healthy controls, researchers can
identify disease-associated variants that serve as potential drug targets (Illumina, 2022). The
identification of novel treatment targets and more successful interventions has been made
possible by the insights into the intricate molecular pathways underpinning disease pathogenesis
that have been gained by NGS-based transcriptomics, epigenomics, and proteomics
investigations (Metzker, 2010; Goodwin et al., 2016).

NGS has revolutionized pharmacogenomics, allowing for the identification of genetic variants
that influence an individual's response to drugs. By sequencing patient genomes, researchers can
predict susceptibility to drug-induced adverse events and likelihood of treatment response,
guiding personalized medicine and improving therapeutic outcomes (Schwarz et al., 2018;
Pushpakom et al., 2018). New biomarkers have been found thanks to NGS, and they can be used
to create companion diagnostics that will help choose and administer targeted therapies more
effectively and safely (Pushpakom et al., 2018).

While NGS has revolutionized drug discovery, challenges remain in managing and analyzing
vast genomic data, interpreting complex genetic variations, and integrating multi-omics data to
gain comprehensive disease mechanism understanding. Translating genomic findings into
clinically relevant applications requires continued efforts in validation, clinical trials, and
regulatory approval (KATSILA et al., 2016; Pushpakom et al., 2018). Future advancements in
single-cell sequencing, long-read sequencing, and AI-driven data analysis are expected to further
enhance NGS capabilities in drug discovery and development, integrated with emerging
technologies like organ-on-a-chip and patient-derived organoids for accurate disease modeling
and personalized therapeutic strategies (Tanay & Regev, 2017; Ståhl et al., 2016; Vamathevan et
al., 2019).
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GENOME-WIDE ASSOCIATION STUDIES (GWAS): GENETIC BASIS OF DISEASE
AND DRUG RESPONSE
The use of genome-wide association studies (GWAS) has grown to be indispensable in the
investigation of the genetic underpinnings of complex disorders and treatment responses. In
order to find relationships between genetic variations and phenotypic features, such as
pharmaceutical reactions or disease susceptibility, these research systematically evaluate millions
of genetic variants, predominantly single nucleotide polymorphisms (SNPs) (Visscher et al.,
2017).

APPLICATIONS OFGWAS IN DRUG DISCOVERY
Identifying Drug Targets
GWAS have played a crucial role in pinpointing genetic variants and genes linked to various
diseases, offering significant insights into the biological pathways involved and potential drug
targets. By utilizing the extensive data generated from GWAS, researchers can prioritize drug
targets based on their genetic relevance, thereby enhancing the chances of successful drug
development (Tam et al., 2019; Illumina, 2022).

Predicting Drug Efficacy and Toxicity
These studies have also been instrumental in identifying genetic variants that affect how
individuals respond to drugs, including both therapeutic effectiveness and the likelihood of
adverse reactions. By integrating pharmacogenomic insights into the drug development process,
researchers can optimize dosing strategies, improve patient selection, and reduce the risk of
negative side effects (Schwarz et al., 2018; Pushpakom et al., 2018).

Drug Repositioning
The process of finding novel applications for already-approved drugs—known as drug
repositioning or repurposing—can be aided by GWAS. GWAS can suggest new therapeutic uses
for medications that are already approved, which could expedite the development of new
treatments by exposing genetic relationships between different diseases and pharmacological
targets (Illumina, 2022; Psomagen, 2022).

Challenges and Future Directions
Despite their significant contributions to understanding the genetics of disease and drug response,
GWAS face several challenges. These include the necessity for large, diverse study populations
to enhance the statistical power and applicability of findings, the complexities in interpreting
genetic associations, and the need to translate GWAS results into clinically relevant applications
(Katsila et al., 2016; Pushpakom et al., 2018)

CRISPR-CAS9: ATRANSFORMATIVE TOOLFOR DRUG DDISCOVER
Utilizing the natural defense mechanisms present in bacteria and archaea, the CRISPR-Cas9
system has revolutionized genome engineering by providing researchers with a potent tool for
precise and effective genetic modifications. This technology allows for targeted alterations of
DNA sequences, which has numerous applications in drug discovery and development (Jinek et
al., 2012; Cong et al., 2013).
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APPLICATIONS OF CRISPR-CAS9 IN DRUG DISCOVERY
Target Validation
Because it makes it possible to precisely knock out or modify the expression of particular genes
in cell lines and animal models, CRISPR-Cas9 has become crucial for validating possible
therapeutic targets (Shalem et al., 2014; Sanjana et al., 2014). This technique provides vital
evidence to enable the development of targeted medicines by assisting in the establishment of a
causal relationship between a gene and a disease phenotype.

Disease Modeling
This technology has also enabled the creation of more precise and physiologically relevant
disease models, both in vitro and in vivo. By introducing genetic modifications associated with
diseases into cell lines or animal models, researchers can replicate the underlying pathological
mechanisms and evaluate the effectiveness of candidate drugs in a context that is more relevant
to clinical scenarios (Hsu et al., 2014; Ran et al., 2013).

Screening for Novel Therapeutic Strategies
Large-scale genetic modifications to find new therapeutic targets, synthetic lethal interactions,
and possible drug candidates have been made possible by CRISPR-Cas9, which has made it
easier to set up high-throughput screening systems (Doench et al., 2016; Wang et al., 2014).
These tests have the potential to identify previously unidentified weaknesses in disease-related
pathways, which may result in the development of novel therapeutic approaches.

Gene Therapy and Genome Editing
When it comes to treating genetic illnesses, CRISPR-Cas9's accuracy and adaptability have also
improved genome editing and gene therapy methods. CRISPR-Cas9 has the potential to improve
the treatment of uncommon genetic illnesses and open the door to individualized, curative
medicines by directly repairing mutations that cause diseases or introducing advantageous
genomic modifications (Maeder et al., 2013).

Challenges and Future Directions
CRISPR-Cas9 presents a number of obstacles despite its great potential in drug discovery,
including as off-target effects, delivery issues, and the requirement for thorough safety and
efficacy data (Fu et al., 2013; Hsu et al., 2013). The main goals of current research are to
overcome regulatory obstacles, create novel delivery systems, and improve the efficiency and
specificity of CRISPR-Cas9 systems (Kleinstiver et al., 2016; Slaymaker et al., 2016).
It is anticipated that future developments in single-cell sequencing and organoid models will
augment CRISPR-Cas9's potential for drug discovery and development (Datlinger et al., 2017;
Trevino et al., 2020). Furthermore, new avenues for therapeutic innovation may be made
possible by the continuous investigation of substitute CRISPR systems and the development of
novel genome engineering instruments (Abudayyeh et al., 2016).

BIOINFORMATICS APPROACHES: INTEGRATING MULTI-OMICS DATA FOR
DRUG DISCOVERY
The rapid expansion of genomic, transcriptomic, proteomic, and metabolomic data has prompted
the creation of sophisticated bioinformatics techniques for the integration and examination of
these enormous datasets. In the process of finding new drugs, bioinformatics tools and
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computational techniques have become essential tools that help scientists find new ideas, rank
potential targets, and create new treatments more quickly.

APPLICATIONS OF BIOINFORMATICS IN DRUG DISCOVERY
Network-Based Analysis
Protein-protein interaction networks and gene co-expression networks are two examples of
network-based techniques that have proven invaluable in pinpointing important regulatory hubs
and pathways that are dysregulated in disease states. Researchers can identify new therapeutic
targets and forecast the possibility of medication repurposing by combining multi-omics data and
mapping these networks (Berger et al., 2016).

Machine Learning and Artificial Intelligence
A number of facets of drug development, including target identification, lead optimization, and
the prediction of drug toxicity and efficacy, have been transformed by the deployment of
machine learning and artificial intelligence (AI) algorithms (Omidvar, 2021). Throughout the
drug development process, these computational techniques can reveal intricate patterns and
linkages among huge, heterogeneous datasets, facilitating more precise and effective decision-
making (Omidvar, 2021).

Pharmacogenomics and Personalized Medicine
In order to anticipate a person's reaction to medication, pharmacogenomics has relied heavily on
bioinformatics techniques to integrate genetic, clinical, and pharmacological data (Berger et al.,
2016). These findings can be used by researchers to create customized treatment plans, optimize
medication dosage, and reduce the possibility of negative drug interactions.

Drug Repositioning and Repurposing
Drug-target interaction prediction and drug-disease association analysis are two examples of
bioinformatics techniques that have made it possible to find new uses for prescription
medications. Researchers can speed up the medication development process by repurposing and
repositioning pharmaceuticals by finding novel linkages between drugs, targets, and diseases
(Berger et al., 2016).

Challenges and Future Directions
The management and integration of large-scale, heterogeneous datasets, the interpretation of
intricate computational models, and the conversion of bioinformatics insights into clinically
relevant applications are just a few of the difficulties that persist despite the fact that
bioinformatics has revolutionized the drug discovery process (Berger et al., 2016).
According to Berger et al. (2016), future developments in bioinformatics are probably going to
include the creation of increasingly complex machine learning and artificial intelligence
algorithms, the incorporation of real-world data from patient registries and electronic health
records, and the smooth integration of bioinformatics tools into the drug discovery process.
Furthermore, the effective conversion of bioinformatics discoveries into practical therapeutic
solutions will depend heavily on the ongoing cooperation of biologists, clinicians, and
computational scientists (Berger et al., 2016).
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CASE STUDIES
Case Study 1: Identifying Novel Drug Targets for Glioblastoma
Genomic techniques like as NGS and GWAS have been used extensively in the study of
glioblastoma, an aggressive form of brain cancer. Recently, glioblastoma samples were subjected
to whole-genome sequencing, transcriptomics, and epigenomic profiling in order to identify new
genetic drivers and possible targets for treatment. The TERT promoter and IDH1 gene both have
recurrent mutations, and the researchers also found dysregulation of important signaling
pathways like PI3K/Akt/mTOR and RTK/Ras/MAPK. These discoveries prompted the creation
of innovative medicines aimed at the discovered genetic vulnerabilities as well as the
repurposing of already-approved medications that target these pathways.

Case Study 2: Predicting Drug Response in Oncology
Pharmacogenomic research and GWAS have proven invaluable in oncology for forecasting
patient reaction to cancer treatments. In a seminal work, genetic variations linked to the
effectiveness of erlotinib, an EGFR tyrosine kinase inhibitor, in patients with non-small cell lung
cancer were identified using GWAS data. The creation of a companion diagnostic test to inform
treatment selection was made possible by the researchers' discovery that particular EGFR
mutations were predictive of an advantageous response to erlotinib. Since then, the clinical care
of lung cancer has embraced this individualized approach, which enhances patient outcomes and
lowers the possibility of unsuccessful treatments.

Case Study 3: CRISPR-Cas9 for Rare Genetic Disorders
CRISPR-Cas9 technology's accuracy and adaptability have proven very helpful in the
development of gene treatments for uncommon genetic illnesses. In a recent work, the genetic
abnormality causing Duchenne muscular dystrophy (DMD) was corrected using CRISPR-Cas9
in patient-derived induced pluripotent stem cells and mice models. The researchers were able to
recover dystrophin protein expression and enhance muscle function by reestablishing the reading
frame of the DMD gene, opening the door for a successful gene therapy strategy to treat this
crippling condition.

Case Study 4: Bioinformatics for Drug Repositioning
Drug repositioning is the process of finding new uses for already-approved medications, and
bioinformatics techniques have been crucial in this regard. Researchers used information on drug
targets, protein-protein interaction networks, and gene expression data in an Alzheimer's disease
study to find possible therapeutic candidates that might be utilized to treat the condition.
Numerous FDA-approved medications, such as antidepressants and anti-inflammatory
compounds, were found to be viable therapy alternatives by the investigation. Clinical trials have
been started to assess the effectiveness of these repurposed medications in treating Alzheimer's
disease as a result of these findings.

Identifying therapeutic Targets
Identification of possible therapeutic targets is a crucial use of genetic technologies in drug
discovery. Through examination of genetic variants linked to illnesses and patterns of
dysregulated gene expression, scientists can pinpoint the molecular pathways and cellular
functions that are hampered under particular circumstances. This information is necessary for the
selection of appropriate targets that can be altered by therapeutic interventions in order to either
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eradicate cancerous cells or restore normal cellular function. This technique has relied heavily on
bioinformatics analysis of large gene expression profile data, such those available in public
databases like the Gene Expression Omnibus (GEO). These analyses can identify genes and
pathways that express differently in diseased vs healthy samples, providing important
information about the mechanisms underlying disease and possible targets for treatment.

For example, studies have used gene expression patterns to identify novel targets for treatment of
glioblastoma, an aggressive kind of brain cancer. After analyzing gene expression data from
glioblastoma samples, Carro et al. (2010) discovered a transcriptional network connected to brain
tumor mesenchymal transition. This network contained a number of important genes and
signaling pathways, including the transcription factor STAT3 and the Notch signaling pathway,
that may be used as therapeutic targets.

Genomic technologies are able to discover target genes specifically as well as intricate networks
and pathways linked to various disorders. Through the integration of diverse data sets such as
transcriptomics, proteomics, metabolomics, and genomes, researchers can construct all-
encompassing models of disease biology and identify critical nodes or hubs within these
networks that could potentially serve as more efficacious therapeutic targets.
This understanding of disease mechanisms at the systems level is essential to the development of
more specialized and efficient treatments. For instance, Barabási et al. (2011) presented a
network-based approach to human disease, arguing that complex connections between genes,
proteins, and metabolites that contribute to disease pathogenesis can be found by integrating
different omics data. By focusing on these crucial network nodes, scientists may be able to create
more potent therapies that bring the system's equilibrium back to normal.
In a similar vein, Ideker and Krogan (2012) advocated for a "differential network biology"
approach, according to which certain molecular interactions and pathways disturbed in a certain
disease can be identified by comparing networks in health and disease. This knowledge can help
create treatments that target these network-level disruptions rather than just specific genes or
proteins.

All things considered, one of the most important steps in the drug development process is
identifying therapeutic targets, and genomic technologies have become indispensable for this
purpose. Researchers might identify potential targets for therapeutic intervention and get a
deeper knowledge of disease mechanisms by utilizing large-scale gene expression data and
integrating multi-omics information.

SCREENINGAND PRIORITIZING DRUG CANDIDATES
Genomic Approaches in Drug Screening and Prioritization
The process of prioritizing and medication screening now requires the use of genomic
approaches. Extensive datasets of gene expression profiles, protein structures, and small
molecule libraries are used in computational techniques like virtual screening and protein-ligand
docking simulations to estimate the efficacy and possible off-target consequences of treatment
candidates. By determining which compounds show the greatest promise for additional
experimental validation, these in silico approaches simplify the drug discovery process.
The Connectivity Map (CMap), which includes gene expression patterns from human cell lines
treated with hundreds of small compounds, is one prominent genomics-based drug screening
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platform. Researchers can find chemicals that generate transcriptional alterations comparable to
or opposite to those observed in disease states by comparing the gene expression signatures of
drug candidates to those in the CMap database (Lamb et al., 2006). This comparison could lead
to the discovery of novel therapeutic options.

The creation of the L1000 platform, which produces gene expression profiles for more than a
million small chemicals and genetic perturbations, has improved the CMap methodology
(Subramanian et al., 2017). Researchers can find substances that can reverse gene expression
patterns linked to diseases and rigorously analyze therapeutic candidates thanks to this large
collection of transcriptional fingerprints.

Large-scale cancer cell line panels, like the Cancer Cell Line Encyclopedia (CCLE), are another
method for genomics-based drug screening. Researchers can find genetic biomarkers that predict
medication sensitivity and resistance by screening drug candidates against a wide range of cell
lines with established genomic profiles (Barretina et al., 2012). Garnett et al. (2012), for example,
used the CCLE to find genetic markers that indicate how sensitive cancer cell lines will be to
different anticancer medications. This data helps with the identification and improvement of
medication candidates as well as the creation of individualized treatment plans based on
particular genetic profiles.

In a similar vein, Iorio et al. (2016) integrated drug screening outcomes with genomic data from
the CCLE to unveil a landscape of pharmacogenomic interactions in cancer. This work shed light
on the intricate connections between medication sensitivity, resistance, and genetic changes,
offering important new information for developing more precise and potent cancer treatments.
One effective way to speed up the drug discovery process is to integrate genetic data with drug
screening platforms. The success rate of the drug discovery pipeline can be increased by
researchers by effectively identifying and prioritizing the most promising drug candidates for
additional development by utilizing these computational methods and large-scale datasets.

Predicting Efficacy and Resistance
A more thorough understanding of disease mechanisms is provided by integrating multi-omics
data, which includes proteomics, metabolomics, transcriptomics, and genomes. It also aids in
predicting the effectiveness and potential for resistance of a certain medicine. Researchers can
learn more about the drug's mode of action, potential side effects, and chance of developing
resistance by examining the molecular profiles of the illness and the medication.
For instance, research has used gene expression profiles to forecast how well cancer medications
will work. Murat et al. (2008) discovered a radiosensitivity gene signature that could predict
glioma patients' prognosis and help choose the best course of treatment. Similarly, Tothill et al.
(2008) discovered how the HNF1 homeobox B gene contributes to ovarian cancer medication
resistance, which is important knowledge for creating countermeasures.

Finding genetic markers that indicate drug sensitivity and resistance has also been made easier
by the integration of genomic data with drug screening results, as the CCLE has shown.
Barretina et al. (2012) compared the genetic profiles of cancer cell lines with data on treatment
response after conducting a thorough screening of a sizable panel of cancer cell lines against a
variety of anticancer medications. Using this method, scientists were able to find genetic markers
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that could indicate whether cancer cells would respond favorably or poorly to a certain
medication.

In a similar vein, Iorio et al. (2016) generated a thorough landscape of pharmacogenomic
interactions in cancer using the CCLE dataset. Through the integration of transcriptome,
genomic, and drug response data, the scientists were able to decipher the intricate connections
between drug sensitivity, signaling pathways, and genetic modifications. Optimizing drug
candidates, creating plans to fight drug resistance, and eventually raising the success rate of drug
development all benefit greatly from this knowledge.
A crucial step in the drug research and discovery process is the capacity to forecast a
medication's effectiveness and susceptibility to resistance. Researchers can make better decisions,
lower the possibility of late-stage failures, and expedite the delivery of secure and efficient
treatments to patients by integrating genomic technologies into this process.

Emerging Trends and Future Directions in Genomics-Based Drug Discovery
Numerous new developments in the field of genomics-based medication research and discovery
are expected to significantly increase the usefulness of these instruments.

Single-Cell Genomics
Single-cell genomics has made it possible to profile biological characteristics such as gene
expression and epigenetic changes at the individual cell level. Unprecedented insights into the
diversity of disease states and the particular cell types that potential therapeutic targets may be
can be obtained with this high-resolution method.Single-cell genomics can guide the creation of
more accurate and potent therapeutic options by identifying rare or subpopulations of cells that
promote medication resistance or disease progression. Macosko et al. (2015), for instance,
created a highly parallel single-cell RNA sequencing technique that allows for the simultaneous
profiling of gene expression in thousands of individual cells.

This technology has been utilized to find possible treatment targets within particular cell
subpopulations and to reveal cellular heterogeneity within a variety of disease conditions,
including cancer.Ziegenhain et al. (2017) carried out a comparative evaluation of multiple single-
cell RNA sequencing techniques, emphasizing the advantages and disadvantages of each method
for capturing the transcriptional variety of individual cells. These technologies will become more
and more important in the development of tailored treatments that target the particular cell
populations causing disease as they develop and spread.

SPATIALTRANSCRIPTOMICS
Drug development is also seeing an increase in the use of spatial transcriptomics tools, which
map gene expression patterns within the context of tissue architecture. Through the use of these
instruments, researchers can gain a better understanding of the intricate microenvironmental
aspects that affect drug response and disease pathogenesis by revealing the spatial arrangement
of gene expression and cellular interactions within a tissue.For example, Ståhl et al. (2016)
created a spatial transcriptomics technique that provides a high spatial resolution profile of gene
expression in tissue sections.
This method has been applied to investigate the spatial arrangement of gene expression in a
number of tissues, including the brain, and has yielded important new information about the
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function of the tissue microenvironment in the development of disease and the response to
medication.Similar to this, Rodriques et al. (2019) unveiled Slide-seq, a scalable spatial
transcriptomics method that measures genome-wide expression throughout whole tissue sections
at a high spatial resolution. With its ability to transform our knowledge of tissue-level biology
and direct the creation of therapeutics that specifically target spatial niches within a tissue, this
technology holds great promise.With the further development of these spatial transcriptomics
technologies, researchers will be able to better comprehend the intricate interactions between
cells, tissues, and the microenvironment and create more specialized and potent treatments.

Artificial Intelligence and Machine Learning
New directions in drug discovery and development have been made possible by the combination
of genetic data with artificial intelligence (AI) and machine learning (ML) methods. therapeutic
targets can be found more quickly, therapeutic candidates can be screened more thoroughly, and
drug efficacy and safety predictions can be made more quickly thanks to these computational
methods. Pun et al. (2023), for instance, emphasized the promise of AI-powered therapeutic
target discovery, in which machine learning algorithms can find novel targets for drug
development by utilizing massive amounts of chemical, transcriptomic, and genomic data.
Similar to this, Johnson et al. (2023) showed how combining AI and ML with multi-omics data
can improve therapeutic efficacy and safety prediction, which in turn increases drug
development success rate.
These AI- and ML-driven drug discovery platforms will become more and more important in the
creation of safe, efficient, and customized treatments as they advance. Through the utilization of
these state-of-the-art technologies, scientists and pharmaceutical companies are able to expedite
the delivery of life-saving therapies to patients while navigating the intricate terrain of disease
biology.

CONCLUSION
In the modern era of drug discovery and development, genomics-based technologies have
become indispensable. They enable researchers to quickly identify therapeutic targets, test
candidates, and forecast both efficacy and resistance by utilizing large volumes of high-
throughput data. By improving our knowledge of disease pathways and enabling the
development of more focused and efficient therapeutics, these tools have completely changed the
drug discovery process.The importance of genomics in drug research will only increase with the
field's developments, including single-cell genomics, spatial transcriptomics, and AI-driven drug
discovery. Through the use of these cutting-edge technologies, scientists and pharmaceutical
companies may more quickly and safely administer life-saving therapies to patients by
navigating the complex biological landscape of disease.
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