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Objective 

Spur the development of novel Machine 
Learning/Artificial Intelligence (ML/AI) tools to explore 
their potential to advance genomic translational 
research 

Specifically, the aim is to model pleiotropy and variable penetrance 
through the learning and classification capabilities of ML/AI to uncover 
novel relationships between genotypes and phenotypes. Tools will be 
developed in a shared, agreed upon Ethical, Legal, and Social 
Implications (ELSI) framework . 
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Machine Learning/Artificial Intelligence 

Artificial intelligence (AI) is the capability of Machine learning (ML) is an application of AI 
a computer system to mimic human where mathematical models of data are used to 
cognitive functions such as learning and help a computer learn without direct instruction. 
problem-solving. 

https://azure.microsoft.com/en-us/resources/cloud-computing-dictionary/artificial-intelligence-vs-machine-learning 
https://www.genome.gov/about-genomics/educational-resources/fact-sheets/artificial-intelligence-machine-learning-and-genomics 
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Use Case - Pathogenic Variants 
Penetrance and Pleiotropy • Phenotypic Differences 

CFTR - Cystic Fibrosis 

Genes 2021, 12, 562. 
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Use Case - Pathogenic Variants 
Penetrance and Pleiotropy • Phenotypic Differences 

CFTR - Cystic Fibrosis 
Environmental factor 

Mycobacteroides abscessus 
Odds ratio 95% CI) P-value 

Environ. Epi. 7(5):p e266, October 2023. 
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Use Case - Pathogenic Variants 
Penetrance and Pleiotropy • Phenotypic Differences 

CFTR - Cystic Fibrosis 
Environmental factor + Genetic modifier 

TGFbeta1 variants 

JAMA. 2008;299(4):417 424. 
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NHGRI Rationale 

• Feedback from NHGRI workshops 
• Genomic Medicine XIII, 2021 
• Machine Learning In Genomics, 2021 

• Aligns with NHGRI 2020 Strategic Vision 

“Provide a conceptual framing that consistently conveys the role of both 
genomic and non-genomic contributors to health and disease – 
routinely considering the importance of social and environmental 
contributions to human health and the interactions…” 

10 



      
     

     

        
         

   
          

 

Objective 

Spur the development of novel Machine 
Learning/Artificial Intelligence (ML/AI) tools to explore 
their potential to advance genomic translational 
research 

Specifically, the aim is to model pleiotropy and variable penetrance 
through the learning and classification capabilities of ML/AI to uncover 
novel relationships between genotypes and phenotypes. Tools will be 
developed in a shared, agreed upon Ethical, Legal, and Social 
Implications (ELSI) framework . 
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ML/AI Tools to Advance 
Genomic Translational Research 

Nature. 2020 Oct;586(7831):683-692. 12 



  

  
   

 
   

  

 

 

Scope 

Nature Medicine 
Vol. 28, p 773–1784 (2022) 

TrainCFTR+ 

Lung infections 

Sensitive to Smoke 

Asthma 

Existing Datasets 
(Genomics, Omics, Phenotypic, 
Social Determinants of Health..) 

Others… 

+ 
Reference Knowledge 13 



 

    
  
 

  
   

 
   

  

 

Scope 

Address ELSI concerns 

Develop and validate ML/AI 
tools within a consortium-
established ELSI Framework. 

Nature Medicine 
Vol. 28, p 773–1784 (2022) 

Existing Datasets 

Train 

(Genomics, Omics, Phenotypic, 
Social Determinants of Health..) 

+ 
Reference Knowledge 14 



                                            

    

 
  

 
 

 
  
   

 
  

     

       

  
      

 
  

   
   
 

   
  
 

 
    

Program Structure 
Biphasic, Collaborative, 2RFAs 

Development Sites (UG3) 
Design Phase 

Consortium will jointly: 
• Select diseases and pathogenic variants 
• Design tool end-points and outputs and 

validation plan 
• Prepare datasets for cross-validation 
• Formulate draft best practices and ELSI 

framework 

Have objectives been achieved? 

Development Sites (UH3)
ML/AI Tool Development/Validation Phase 

Each site will: 
• Develop tools according to framework 
• Validate according to plan 
Consortium will jointly: 
• Refine best practices & framework 
• Disseminate resources FAIR-ly 

• Tools, datasets 
• ELSI framework 
• Lessons learned etc., 

Coordination Center Years 3-5 Contingent on Continuation of Development Sites 

Coordinate logistics for all collaborative activities 

(U01) 

Y3 Y4 Y5Y1 Y2 
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Relationship to Ongoing Activities 

Program Leverage 

eMERGE, PRIMED, GREGoR 
AllofUS, TOPMed, UKBB, Bridge2AI etc. 

Datasets 

AIM-AHEAD, Coalition of Health AI… Best practices, ELSI-
relevant resources 
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Budget 
• Total annual costs 

• 3-4* sites for a total cost of $4.8M 
• $1.2M for CC 

• Total costs for 5 years: $30M 

Multidisciplinary team with expertise in ML/AI, data 
wrangling software development, clinical research, 
ELSI, coordination 

*Co-funding to be sought from other ICOs for 
additional sites 
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