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DESCRIPTION
Multi-omics pharmacology combines information from several 
biological measurement platforms to examine how medicines 
influence cells, tissues and whole organisms. Genomics evaluates 
Deoxyribonucleic Acid (DNA) variation, transcriptomics 
examines Ribonucleic Acid (RNA) expression, proteomics 
measures proteins and their modifications and metabolomics 
evaluates small molecules produced through cellular activity. 
When these data are considered together, they can provide a 
broader description of drug action than any single molecular 
layer. Pharmacological responses differ among individuals 
because biological systems vary at multiple levels. A genetic 
variant may influence the production of an enzyme, while 
changes in RNA expression can modify the amount of that 
enzyme. Protein abundance and activity may then affect drug 
metabolism and metabolic changes can alter the final 
physiological response. Multi-omics pharmacology connects 
these stages and helps explain how molecular events contribute 
to medication effects.

Genomics provides information about inherited and acquired 
DNA variation. Single-nucleotide variants, insertions, deletions, 
copy-number changes and structural alterations can affect genes 
involved in drug metabolism, transport, receptors and signaling 
pathways. For example, variations in Cytochrome P450 2D6, 
CYP2C19 and CYP2C9 can influence the metabolism of selected 
medicines. Genetic information can therefore provide an initial 
indication of differences in drug exposure among individuals. 
Transcriptomics adds information about gene activity. Messenger 
RNA levels can change after exposure to a medicine, reflecting 
activation or suppression of specific cellular pathways. Non-
coding RNAs, including microRNAs and long non-coding 
RNAs, can also influence gene regulation. Measuring RNA 
profiles before and after treatment can help identify biological 
pathways affected by a drug and provide information about 
cellular responses.

Proteomics examines the proteins produced within cells or 
present in biological samples. Proteins are directly involved in 
enzymatic reactions, receptors, transport, cellular 
communication, immune responses and structural functions. 
Drug exposure can change protein abundance, protein 
localization, or post-translational modifications such as 
phosphorylation and acetylation. Proteomic measurements can 
therefore provide information about functional changes 
occurring after medication exposure. Metabolomics examines 
small molecules such as amino acids, lipids, sugars, organic acids 
and other metabolic compounds. These molecules reflect 
ongoing biochemical activity and can change in response to 
medicines, disease conditions, diet, or environmental factors. 
Metabolic profiles can provide information about how a 
treatment affects energy production, lipid metabolism, amino 
acid pathways and other cellular processes.

The integration of these molecular layers can provide a more 
complete picture of drug response. Consider a medicine that 
acts on a cellular receptor. Genomic analysis may identify a 
variant affecting the receptor, transcriptomic analysis may 
indicate altered receptor RNA expression, proteomic analysis 
may show changes in receptor abundance and metabolomic 
analysis may reveal downstream biochemical effects. Together, 
these observations can connect genetic variation with molecular 
activity and physiological response. Multi-omics pharmacology 
has important applications in oncology. Tumors contain 
complex molecular alterations that can differ between patients 
and even between regions of the same tumor. Genomic 
information can identify mutations, while transcriptomic data 
can indicate active genes and signaling pathways. Proteomic 
measurements can show which proteins are present and 
modified, while metabolomic information can describe changes 
in cellular metabolism. Combining these data can assist in 
characterizing tumor biology and treatment response.

Drug resistance can also be examined through multi-omics 
approaches. A resistant cell may acquire a genetic alteration, 
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different format and at a different scale. Bioinformatics tools
can normalize datasets, identify relationships between molecular
features and organize results into biological pathways. Statistical
models and machine-learning methods can also identify
combinations of molecular variables associated with treatment
outcomes. Data quality is an important consideration in multi-
omics pharmacology. Differences in sample collection, storage,
laboratory procedures, sequencing platforms and analytical
methods can influence results. Appropriate quality control and
standardized processing can reduce unwanted technical
variation. Biological factors such as age, diet, disease status,
medication history and environmental exposure should also be
considered when interpreting molecular profiles.
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change RNA expression, increase production of a drug-efflux 
protein and modify its metabolic pathways. Examining only one 
molecular layer may miss important parts of this process. 
Integrated analysis can connect these changes and provide a 
broader description of mechanisms associated with reduced 
drug sensitivity. Multi-omics methods are also useful during 
pharmaceutical development. Candidate medicines can produce 
effects across several molecular pathways. Genomic and 
transcriptomic information can indicate changes in gene activity, 
while proteomic and metabolomic measurements can provide 
information about downstream biological consequences. Such 
data can assist in evaluating drug targets, pharmacological 
activity, toxicity signals and molecular responses.

Computational analysis is essential for integrating multi-omics 
datasets. Each molecular platform generates information in a
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