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9.6 Omics Data in the EHR and Other 
Information Systems



Omics data in the EHR and other information systems

Genomics-enabled medical records

Annotating the genome

Accessing knowledge-based omics information

Other issues
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Toward the genomics-enabled electronic health record 
(EHR)

Melding clinical informatics and bioinformatics

• Clinical care

• Early vision (Ashley, 2010)

• Now use of genomic screening with EHR data (Williams, 2018; Buchanan, 2020), polygenic risk scores 
(Lambert, 2021), etc.

• Research

• Extracting the phenotype (Hripcask, 2018; Kashyap, 2020)

• Associating with actionable therapies (Joyner, 2019)

Issues

• Data to include/exclude

• Implementing genomic clinical decision support

• Leveraging for research
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Classes of EHR-relevant genomics data (Masys, 2012)
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Desiderata for the integration of genomic data into 
EHRs (Masys, 2012)

Maintain separation of primary molecular observations from the clinical 
interpretations of those data

Support lossless data compression from primary molecular observations to clinically 
manageable subsets

Maintain linkage of molecular observations to the laboratory methods used to 
generate them

Support compact representation of clinically actionable subsets for optimal 
performance

Simultaneously support human-viewable formats and machine-readable formats in 
order to facilitate implementation of decision support rules

Anticipate fundamental changes in the understanding of human molecular variation

Support both individual clinical care and discovery science
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Association for Molecular 
Pathology statement on 
challenges and 
opportunities for EHR to 
support genomic medicine 
(Carter, 2022)
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Implementing clinical decision support (CDS)

Implementations of genomic CDS integrated into EHR

• CYP2C19 variants in response to clopidogrel (Pulley, 2012)

• 48 alerts from 11 variants detected by exome sequencing (Nishimura, 2015)

• Screening of newborns for 156 early-onset genetic conditions with established interventions 
found 3.7% actionable (Ziegler, 2025)

Tools still challenging for use (Sebastian, 2021)

Need to account for changing knowledge of variants in disease, e.g., from 
ClinVar (Yauy, 2022)

Can obtain high adherence to alerts with education of clinicians and 
demonstration of value (Nguyen, 2022)
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CDS in genomics and precision medicine

Must build on and integrate standards

• HL7 Infobutton – adding clinical genomics resources, e.g., ClinGen (Heale, 2016)

• SMART on FHIR

• Initial application to genomics (Alterovitz, 2015)

• SMART Precision Cancer Medicine app provides information tailored to patients’ genomics findings 
(Warner, 2016)

• ONC Sync for Genes – leveraging FHIR Resources (Garcia, 2020) and APIs (Garcia, 2022)

• Continued adherence to all standards essential (Versel, 2022)

• FHIR-based Genomic Reporting Implementation Guide (Stellmach, 2022)

• FHIR Genomics Operations (Dolin, 2023)

ACMG guidelines for genetic data in EHR (Grebe, 2020)
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Genetically-guided precision medicine CDS tools 
(Johnson, 2024)
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Annotating function of the genome – Gene Ontology (GO; 
Pitarch, 2025; GO Consortium, 2026)

Gene function is classified by

• Molecular function – what gene product does, e.g., adenylate cyclase enzyme

• Biological process – biological objective of gene, e.g., pyrimidine metabolism

• Cellular component – where function and process take place, e.g., rough endoplasmic reticulum

Each assigned code is associated with evidence code that describes “level” (or 
quality) of evidence, e.g.,

• Traceable author statement (TAS)

• Inferred from direct assay (IDA)
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Similar to other names, gene names can be problematic

Problems include (Chen, 2005)

• Synonym/polysem problem

• Names may be case- and/or style-sensitive

• Gene and corresponding protein may have same name

Even worse, applications such as auto-formatting in Microsoft Excel may 
change gene names (Ziemann, 2016)

• e.g., gene APR-1 → date 1-Apr

• Problem has persisted despite knowledge about it (Abeysooriya, 2021)

• Microsoft finally added option to disable (Davis, 2023)

Human gene names standardized by Human Genome Organization (HUGO) 
Nomenclature Committee (Seal, 2026)
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Bioinformatics information resources

Much activity led by National Center for Biotechnology Information (NCBI)

• Overview of resources (Sayers, 2026)

Overviews and updates of major resources provided annually in open-access 
journal Nucleic Acids Research

• Database issue covers available databases (Rigden, 2026)

• Web server issue covers accessible resources

Some other major omics resources

• UCSC Browser (Casper, 2026)

• Ensembl (Yates, 2026) from EMBL-EBI (Thakur, 2026)
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Bioinformatics information resources (cont.)

Bioinformatics community has long-standing commitment to data sharing and 
linkage

• Many journals require deposit of data into public databases as precondition for publication of 
papers

• Clinical informatics does not have similar commitment

Can navigate across variety of information resources

• From data about genes (Gene), variations (dbVar), patients (dbGap), and sequences (GenBank) 
to roles in diseases (OMIM)

Will look at gene EGFR, associated response to treatment in lung cancer

• You can try this at home!

139.6 - Hersh - AMIA



Starting point – NCBI Search
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https://www.ncbi.nlm.nih.gov/search/


Search for EGFR
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Search for EGFR (cont.)
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EGFR gene summary
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EGFR genomic context
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EGFR regions, transcripts, and products
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Nucleotide sequence for EGFR
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Genbank record for EGFR
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Gene expression for EGFR
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Bibliography for EGFR
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Phenotypes for EGFR
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EGFR variants
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ClinVar for EGFR
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EGFR general gene information and Gene Otology terms
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Variation viewer for EGFR
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OMIM for EGFR
in lung cancer
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ClinGen (Rehm, 2015; Dalton, 2023)
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Other clinical resources of note

Clinical Interpretation of Variants in Cancer (CIViC)

Catalogue Of Somatic Mutations In Cancer (COSMIC)

Precision Medicine Knowledgebase (PMKB)

OncoKB Precision Oncology Knowledge Base

Monarch Initiative – connecting phenotypes and genotypes across species

Biomedical Data Translator – translate among various data resources and 
types (Fecho, 2022)
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Other integrated multi-omics resources

MetaGraph – indexing “all life’s” sequences (Karasikov, 2024) and searching 
them efficiently (Karasikov, 2025)

• “Google for DNA” (Offord, 2024)

Spatial multi-omics integrates with other cellular elements and their spatial 
locations (Kiessling, 2024)

Allowing development of Human Cell Atlas (Rood, 2025) requiring many 
computational methods (Dance, 2024)

• “Google Maps” for the human body or “Wikipedia for cells” (Nature, 2024)
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Variety of other clinical issues

We are entering era of “multi-omics” and growing use clinically (Misra, 2018; 
Subramanian, 2020)

How do we educate clinicians (Rao, 2020; Hull 2020)?

How do we serve the diversity of the world?

• Health and Human Heredity in Africa (H3Africa) creating more representative tools (e.g., chips) 
(Banks, 2020) and training scientists and informaticians (LeMieux, 2021)

Must also be cognizant of self-reported race and other groupings applied to 
people based on existing genetic preconceptions (NAM, 2023)

Potential for Gattaca (1997) still exists (Ogbunugafor, 2022; Greenbaum, 2022)
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Future directions for research informatics

Quantity of data will continue to grow

Informatics tools will both help manage data as well as generate new 
knowledge

• Researchers will likely be unable to justify experiments without delving into databases first

As in all areas of computing, user-centered and standards-based approaches 
are essential while maintaining privacy, ethics, and equity

AI likely to play increasing role

349.6 - Hersh - AMIA


	Slide 1
	Slide 2: Omics data in the EHR and other information systems
	Slide 3: Toward the genomics-enabled electronic health record (EHR)
	Slide 4: Classes of EHR-relevant genomics data (Masys, 2012)
	Slide 5: Desiderata for the integration of genomic data into EHRs (Masys, 2012)
	Slide 6: Association for Molecular Pathology statement on challenges and opportunities for EHR to support genomic medicine (Carter, 2022)
	Slide 7: Implementing clinical decision support (CDS)
	Slide 8: CDS in genomics and precision medicine
	Slide 9: Genetically-guided precision medicine CDS tools (Johnson, 2024)
	Slide 10: Annotating function of the genome – Gene Ontology (GO; Pitarch, 2025; GO Consortium, 2026)
	Slide 11: Similar to other names, gene names can be problematic
	Slide 12:  Bioinformatics information resources
	Slide 13: Bioinformatics information resources (cont.)
	Slide 14: Starting point – NCBI Search
	Slide 15: Search for EGFR
	Slide 16: Search for EGFR (cont.)
	Slide 17: EGFR gene summary
	Slide 18: EGFR genomic context
	Slide 19: EGFR regions, transcripts, and products
	Slide 20: Nucleotide sequence for EGFR
	Slide 21: Genbank record for EGFR
	Slide 22: Gene expression for EGFR
	Slide 23: Bibliography for EGFR
	Slide 24: Phenotypes for EGFR
	Slide 25: EGFR variants
	Slide 26: ClinVar for EGFR
	Slide 27: EGFR general gene information and Gene Otology terms
	Slide 28: Variation viewer for EGFR
	Slide 29: OMIM for EGFR in lung cancer
	Slide 30: ClinGen (Rehm, 2015; Dalton, 2023)
	Slide 31: Other clinical resources of note
	Slide 32: Other integrated multi-omics resources
	Slide 33: Variety of other clinical issues
	Slide 34: Future directions for research informatics

