
Advances in next-generation sequencing have transformed the scale of genomic 
data analysis across research and translational programs. Sequencing costs have 
plummeted, yet the analytical burden has increased. Laboratories now generate 
terabytes of multi-omics data each week, and most still rely on fragmented 
bioinformatics work�ows, manual literature reviews, and disconnected knowledge 
bases to interpret that data.

The gap between data generation and actionable insight is widening. Clinical 
genomics laboratories report vacancy rates between 7% and 25%, depending on 
the specialty, with molecular and cytogenetics positions hit hardest. At the same 
time, amid a burgeoning global genomics market, organizations that fail to 
modernize interpretation work�ows risk falling behind on turnaround time, 
reproducibility, and scienti�c output.

Through this whitepaper, our team examine why legacy approaches to variant 
interpretation no longer scale, how AI-powered genomics platforms are rede�ning 
the analytical chain, and what a uni�ed interpretation ecosystem looks like in 
practice. We introduce ImpactOmics, ClairLabs’ end-to-end multi-omics platform, 
as a framework designed to compress the journey from FASTQ to clinical insight 
while preserving the transparency and governance that regulated environments 
demand.
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The Impactomics Team  

AI-powered Genomic Interpretation:
Accelerating Rare Disease and
Oncology Research Work�ows

https://www.mordorintelligence.com/industry-reports/dna-sequencing-market


The Growing Genomics Challenge  
The throughput revolution in sequencing has created an interpretation bottleneck 
that no amount of manual effort can resolve. Whole-genome sequencing, 
whole-exome sequencing, RNA-seq, and targeted gene panels now run in parallel 
across oncology, rare disease, and pharmacogenomics programs. The DNA 
sequencing market alone is set to reach $40 billion by 2031, with nearly 19% annual 
growth. Meanwhile, the genomics data analysis segment, valued at $9.18 billion in 
2026, is forecast to hit $33.5 billion by 2035. whole-exome sequencing, 

Three forces are converging to strain laboratory operations:

First, sequencing volumes are outpacing staff growth. A survey of 
CLIA-certi�ed U.S. genomics laboratories found that nearly 32% of 
technologist positions remain un�lled, with combined 
molecular-cytogenetic roles posting vacancy rates as high as 44%.

Second, variant databases such as ClinVar now catalog nearly
 2.9 million clinically relevant entries, demanding continuous 
literature vigilance. 

Third, regulatory frameworks, CAP/CLIA, HIPAA, GDPR, and ACMG/AMP 
guidelines, impose compliance requirements at every stage of the workflow. 

The result is a familiar pattern: sequencing costs fall, data volumes rise, and 
interpretation complexity escalates. Without systemic change, laboratories face 
longer turnaround times, inconsistent classi�cation, and constrained scienti�c 
throughput.

Why Current Work�ows Break Down 
Most genomics laboratories still operate with a patchwork of point solutions 
stitched together across the analytical chain. A typical work�ow moves from raw 
FASTQ �les through secondary analysis and bioinformatics variant annotation, into 
knowledgebase lookups across ClinVar, OMIM, OncoKB, and CIViC, through 
manual expert review, and �nally to report generation. Each handoff introduces 
latency, data-format friction, and reproducibility risk.

Four structural weaknesses de�ne this fragmented architecture. Fragmented 
toolchains force analysts to toggle between disconnected platforms for variant 
calling software, annotation engines, and reporting modules, each with its own 
data format, version dependencies, and update cadence. 
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https://www.mordorintelligence.com/industry-reports/dna-sequencing-market
https://www.towardshealthcare.com/insights/genomics-data-analysis-market-sizing
https://pmc.ncbi.nlm.nih.gov/articles/PMC11842050/
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Manual literature review consumes hours per case as analysts search PubMed, 
cross-reference gene-disease associations across multiple tabs, and synthesize 
evidence summaries by hand. Knowledge-base silos mean that databases 
covering germline pathogenicity, somatic actionability, and clinical trial eligibility 
rarely share a uni�ed query layer, leading to redundant lookups and increasing the 
likelihood of inconsistent classi�cation. And long turnaround times erode clinical 
con�dence, particularly in rare disease diagnostics, where families already endure 
years-long diagnostic odysseys, and every week of delay compounds emotional 
and clinical costs.

Compounding these challenges, reproducibility suffers when analysts use different 
tool versions, �lter thresholds, or knowledge-base snapshots to evaluate the same 
sample.

Without a uni�ed audit trail, 
laboratories struggle to defend past 
classi�cations when guidelines evolve 
or when accreditation bodies request 
evidence of analytic consistency. 
A 2025 medRxiv study evaluating an 
AI-assisted variant interpretation 
system on 966 exomes found that 
phenotype-driven prioritization 
correctly shortlisted diagnostic 
variants in 94.9% of cases, 
underscoring the gap 
between what manual curation 
achieves and what intelligent 
automation now makes possible.

chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.medrxiv.org/content/10.1101/2025.02.04.25321641v4.full.pdf


The Emerging Role of AI in Genomics 
AI is not replacing genomic scientists; it is removing the repetitive bottlenecks that 
prevent them from focusing on complex, high-value interpretation. It has been 
demonstrated that Retrieval-augmented generation (RAG)-enhanced large 
language models, when �ne-tuned on curated variant annotation datasets from 
ClinVar, gnomAD, and PharmGKB, generated trusted variant interpretations with 
signi�cantly greater accuracy than general-purpose models. Several AI capabilities 
are converging to reshape the analytical pipeline.

AI-assisted variant annotation applies machine learning models to classify variants 
against ACMG/AMP criteria with transparent scoring, accelerating ACMG variant 
classi�cation from a multi-hour manual exercise to a minutes-long, auditable 
process. Phenotype-based gene prioritization uses Human Phenotype Ontology 
(HPO) terms to surface candidate diagnoses directly from clinical presentations, 
compressing the precision diagnostics cycle. RAG-enabled literature facilitates 
large-scale mining, synthesizing relevant publications into structured evidence 
summaries without the noise of general-purpose search. And knowledge graphs 
link genes, variants, pathways, and therapeutics into queryable networks that unify 
what was previously siloed across dozens of databases.

© Copyright ClairLabs. All rights reserved.   |  04

Modern Genomics Architecture

NGS Data 

Bioinformatics Pipelines 

Annotation

Knowledge Layer

AI Layer

Insights

A recent comprehensive review traced the evolution from rule-based variant 
classi�ers to deep learning and protein language models, while emphasizing 
that explainability and benchmark validation remain non-negotiable for clinical 
adoption. The trajectory is clear: GenAI life sciences applications will continue to 
expand, but only platforms that pair predictive power with audit-ready 
transparency will earn the trust of regulated laboratories.

https://pmc.ncbi.nlm.nih.gov/articles/PMC11842050/
https://pmc.ncbi.nlm.nih.gov/articles/PMC12888390/
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Building an Integrated Genomic
Interpretation Ecosystem 
The most effective response to work�ow fragmentation is architectural 
consolidation. A modern clinical genomics platform uni�es six layers into a single 
governed environment: bioinformatics pipelines for FASTQ processing, variant 
calling, CNV and structural variant detection, and fusion analysis; an annotation 
engine drawing on curated global knowledge bases; an AI intelligence layer for 
machine-learning-assisted prioritization and automated variant classi�cation; 
visualization and reporting modules that produce audit-ready outputs; and a 
governance layer delivering role-based access control, tenant-level data isolation, 
and full work�ow traceability.

When these layers share a common data fabric, every upstream change, a newly 
reclassi�ed variant in ClinVar, an updated HPO mapping, a revised ACMG criterion, 
propagates automatically through downstream outputs. As a result, leaders 
successfully establish a diagnostic lab automation that does not sacri�ce 
reproducibility for speed.



The platform supports end-to-end workflows for both germline and somatic analysis. Its rare 
disease workflow moves from FASTQ or VCF ingestion through phenotype-driven gene 
prioritization, trio and family-based analysis, variant annotation using OMIM, ClinGen, and 
HPO-linked databases, and structured evidence summaries optimized for research 
interpretation. Its oncology workflow detects and annotates SNVs, INDELs, CNVs, and gene 
fusions; runs biomarker discovery platform-grade analysis for therapeutic stratification; 
integrates with oncology knowledge bases and clinical trial datasets; and computes 
genomic signatures including TMB, MSI, HRD, and LOH.

The ImpactOmics Platform Approach
ImpactOmics was designed around one principle: to unify bioinformatics, genomic 
knowledge, and AI-driven interpretation within a single cloud-based 
bioinformatics architecture, enabling laboratories to move from raw sequence to 
structured insight without manual handoffs.
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https://clairlabs.ai/impactomics
https://clairlabs.ai/bioinformatics-solutions


Comprehensive Oncology Work�ows Powering
Precision Cancer Care

Version 1.0 – Somatic HRR 
/ cfDNA HRD & BRCA

Version 1.1 & 1.2 – Solid 
Tumor Work�ows

Version 1.3 & 1.4 – Liquid 
Tumor Work�ows

• BRCA1/2 mutation analysis

• 15HRR pathway genes
including BRCA 1/2

• HRD Panel test
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Tumor Biopsy

• Comprehensive tumor
panel (270 genes) by NGS

• (SNVs, INDELS, Fusions &
TMB)

• Microsatellite Instability by
NGS

• Tumor Mutational Burden
by NGS

• Endometrial Cancer Panel
• Tumor Biopsy
• Lung Cancer Panel
• Soft Tissue Sarcoma Panel
• Glioma Gene Panel
• Gastrointestinal Stromal

Tumor  (GIST) -
Thragnostic Panel (Hot
Spot, SNVs and small
INDELs)

• Colorectal Caner panel

• Comprehensive Leukemia
Panel

• MRD Test on Liquid Tumor 
by NGS

• Cancer-speci�c tests
• Acute Myeloid Leukemia
• Leukemia fusions
• TPMT / NUDT15 gene

analysis
• BCR/ABL gene kinase

domain analysis for TKI
resistance

• IGHV
• HBOC + MLPA combo
• Custom Pharma NGS

panels
• Comprehensive hereditary

cancer panel
• Whole Exome
• Clinical Exome
• HBOC gene panel
• Lynch syndrome / HNPCC

panel
• MRD testing on solid

tumors

Liquid Biopsy

• Oncotrack (SNVs, Indels &
Fusions)

• Oncotrack Ultimate(SNVs
InDels and Fusions

• NGS
• Oncotrack Advance( SNVs

InDels and Fusions)
• Lunftrack Advance (SNVs

InDels and Fusions
• ESRI gene analysis
• Illumine TS0500 Liquid

biopsy test
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Underpinning both work�ows, the AI NGS platform engine delivers 
machine-learning-assisted variant prioritization with transparent scoring, 
rule-based and guideline-aligned classi�cation support aligned to ACMG/AMP 
frameworks, RAG-enabled literature mining, and modular AI agents supporting 
QC review, variant �ltering, and evidence aggregation. Internal benchmarking 
on 80,000-plus samples with highly curated variants from trusted sources has 
demonstrated 96% pathogenic-variant ranking accuracy and a 70–80% 
reduction in manual curation burden.

Governance is built into the 
infrastructure, not layered as an 
afterthought. Cloud-native 
deployment on AWS or Azure 
supports HIPAA-compliant 
genomics environments with 
role-based access control, audit 
logging, tenant-level data isolation, 
and an API-�rst architecture 
enabling integration with LIMS, 
ELN, and enterprise data systems. 
Deployment timelines are 
measured in hours, not months.

The Uni�ed Advantage: ImpactOmics
 vs. Conventional Variant Tools 
Decision-makers need outcomes rather than feature lists. The following 
comparison highlights how a uni�ed genomic variant analysis platform 
outperforms traditional point solutions across the dimensions that matter most.



You may be leading a clinic, a diagnostic laboratory, or a translational research 
program; the decisions are still yours. Impactomics helps you ensure you are 
never waiting for the data to make them!
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Capability ImpactOmics* Typical Variant Tool

End-to-end Work�ow Uni�ed Platform Not uni�ed

Variant interpretation &
Evidence Maps

AI-assisted + 
Explainable Fragmented

Rare Disease and 
Oncology Integrated Disparate

Multi-omics Support DNA + RNA work�ow Mostly limited to

Automation Level High agent driven Low-moderate

Deployment Hours; cloud-native Often Local/ Hybrid

Audit & Governance Enterprise-grade Varies

*For Research Use Only (RUO); not for use in diagnostic or clinical decision-making.

Healthcare Organizations & Hospitals
Clinical Geneticists  |  CMOs  |  Clinicians & Pathologists

Accelerate 
interpretation

AI-ranked variants and 
automated ACMG 
classi�cation reduce 
time-to-disease and 
genetic interpretation 
from days to hours

Prioritize 
disease-associated genes 
in seconds

HPO-based phenotype 
matching directly surfaces 
candidate diagnoses from 
clinical presentation

Act on reports you
can defend

Every output is 
audit-ready, 
evidence-backed, and 
structured for decision 
making



Diagnostics
Lab Directors  |  Lab Managers  |  Genome Analysts  

Scale without adding 
headcount

Full pipeline automation 
handles every step from 
FASTQ ingestion to 
signed-off report — no 
manual handoffs

Reclaim 70–80% of 
interpretation time

Analysts redirect their 
expertise to complex 
cases rather than routine 
annotation 

Compliance built in,
not bolted on

Designed to enable 
compliance with HIPAA, 
GDPR, and CAP/CLIA 
standards with full QC 
metrics and traceable 
audit trails 

Research
Research Heads  |  Bioinformaticians  |  Translational Scientists 

Accelerate discovery
by 50%

RAG-enabled literature 
mining and biomarker 
prioritization pipelines 
compress 
hypothesis-to-validation 
timelines 

Connect every data 
layer 

Multi-omics integration 
uni�es genomics and 
transcriptomics into a 
single governed fabric 

Make your data 
AI-ready 

Build model-ready 
cohorts and query 
datasets in natural 
language to 
democratize access 
to insights 
institution-wide  
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The Future of AI-powered Genomics
Several trajectories will de�ne the next wave of AI in genomics. Agentic AI 
architectures, spanning modular, task-speci�c models that collaborate 
autonomously across QC, �ltering, annotation, and evidence synthesis, will further 
reduce human-in-the-loop overhead without compromising interpretive rigor. 
Multi-omics integration will extend beyond DNA and RNA to encompass 
proteomics, metabolomics, and spatial omics, enabling a systems-level view of 
disease biology that single-layer analysis cannot achieve. A steadily growing 
personalized diagnostics market, powered by multi-omics approaches, re�ects the 
expanding clinical utility of integrated omics analysis. Federated knowledge 
systems will allow institutions to share insights across borders without moving 
sensitive patient data, supporting precision medicine platform adoption in regions 
with strict data-sovereignty requirements.

Multi-modal AI integration, combining genomic, proteomic, imaging, and EHR data, 
represents the most promising path toward genuinely personalized diagnostics. 
ClairLabs is building toward this future. ImpactOmics already supports DNA and 
RNA work�ows within a single governed fabric and is architected for expansion 
into broader omics modalities as clinical evidence matures.
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Conclusion
The future of genomic interpretation 
depends on the ability to connect 
sequencing data, biomedical knowledge, 
and AI-driven analysis within a uni�ed, 
auditable framework. Organizations that 
adopt scalable, explainable clinical 
decision support approaches today, 
rather than layering incremental patches 
onto legacy toolchains, will be better 
positioned to accelerate discovery, 
reduce interpretation burden, and unlock 
the full translational value of genomic 
data.

ImpactOmics delivers that uni�ed 
framework: an AI-powered genomics 
platform built for the leaders who drive 
clinical and scienti�c progress. It is a 
versatile platform – you might be leading 
a diagnostic laboratory navigating rising 
sample volumes with �at headcount, a 
rare disease program seeking to shorten 

https://clairlabs.ai/multi-omics-intelligence-management-solutions


the diagnostic odyssey from years to weeks, or an oncology research team scaling 
biomarker-driven therapeutic strati�cation across multi-site cohorts. The platform 
compresses the analytical chain from weeks to hours, with every output 
audit-ready, evidence-backed, and structured for defensible decision-making. In an 
era where genomic data generation accelerates relentlessly, the organizations that 
invest in intelligent, governed interpretation infrastructure today will de�ne the 
pace of translational discovery tomorrow.

Learn how ImpactOmics can streamline genomic analysis and 
interpretation workflows for your organization. 

Request a Demo sales@clairlabs.ai www.clairlabs.ai




