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•  What is the value of Mendelian genomic research to  
medicine & society? 

 
•   Are the Centres for Mendelian Genomics making  

a substantial contribution?  
  



MCs are individually uncommon, but collectively 

0.4% live births 

$5 million/individual/lifetime   

25 million Americans 

8% of adults 



Mendelian Conditions: current scorecard 

 Mendelian conditions ~7,300 

 Disease genes ~2,776  

 Explained phenotypes ~3,593 

 Unexplained phenotypes ~3,703 

 New MCs per year ~300 

 

 



~10,000 genes 
remain as 

MC candidates     

~1000 mapped but  
not identified 

 

 2776 
genes          

3593 MCs 

~6000 genes 
are embryonic lethal 
in mouse 

~17,000 genes remain as MC candidates 



No evidence of saturation for MCs 

- RetNet 



Coding vs. Non-coding genes   

•  ~20,000 coding genes  

•  ~20,000 non-coding genes  

Ezkurdia et al. HMG ‘14 

 Makrythanasis, Clin Gen ‘13 

Rands, PLoS Gen ‘14 

•  BUT only 8.2%  of genome may be functional 

- long non-coding RNAs 
- lincRNAs 
- short non-coding RNAs 
- miRNAs 



Non-coding genes & 20 Mendelian conditions   

-  Makrythanasis, Antonarakis Clin Gen ‘13 



Why identifying the genes  
for MCs matters 

enormously to patients & their families 



Unmet Medical Need 

When there is NO diagnosis… 
 

No prognosis 
 

No best practice guidelines 
 

No accurate reproductive  
      counseling 
 

No available therapy 
  
 
 - K Boycott, Univ Ottawa 



When there is a diagnosis… 

Tailored 
therapy 

Accurate 
genetic 

counselling 

Natural 
history 

Prevention of 
complications 

- K Boycott, Univ Ottawa 



Does Mendelian variation contribute 
to our understanding of complex 

diseases? 



 Blair et al. CELL 155, 70, 2013 

•  Each complex disease has a unique Mendelian disease   
   allelic architecture, a “nondegenerate code” that    
   identifies each illness by its associated Mendelian loci  

   Are common variants for complex diseases enriched within  
  loci implicated by Mendelian comorbidities?  

•  Each Mendelian variant highlights a subset of genes that    
   also play a role in common complex traits   

The question: 



Mendelian variants highlight a subset of genes that also play a 
role in common complex traits 

Blair et al. CELL 155, 70, 2013 

“Overall, we observed that 
complex disease GWA 

signals were globally (~2x) 
enriched in Mendelian loci”  



NHGRI Centers for Mendelian Genomics 

www.mendelian.org 
gmendel@mendelian.org 

Goal: Identify and define the causes of  
       all human monogenic diseases 

(CMGs)   



The CMGs are an international research platform   

The goal of solving most/all MCs requires unprecedented 
cooperation & coordination among  

clinicians & scientists worldwide 



Biomedical & Clinical 
Impact of the CMGs 



Progress to date* 

• 15,790 samples  
• 6421 families studied: 673 known, 760 novel MCs 
• 11,801 Wes, 60 WGs           1/2 to dbGaP 
•  286 novel MC genes discovered 
•  229 known genes for MCs identified 
•  The clinical features of 139 known MCs were 
     expanded 

 
 
 

 
 

 
 

 

* provided by the CMGs 



COL2A1 

Phenotropy: spectrum of phenotypes caused by variants in a gene 

- provided by the CMGs 



Identifying MC genes 
greatly enhances our understanding of  

human biology & pathophysiology  
  



CMG Publications* 

• 98 papers, including 60 new disease loci & genetic 
disorders 

 
• Nature (1), Science (1), Cell (2), Nature Genetics (6), 

NEJM (2), AJHG (17), Hum Mol Gen (4) 
 
 

 
 

 
 

 

* provided by the CMGs 



Sanna-Cherchi et al. NEJM 369, 621, 2013  

Keramati et al. NEJM 369, 621, 2013  

- E. Phimister 

4.5 % of the 423 original articles over the past 24 months 
in the NEJM  

were reports of new Mendelian disease genes 



Tetralogy of Fallot Hypoplastic left heart syndrome Normal heart Transposition 

•  The most frequent birth defect, 0.8% of live births,   

•  362 severe CHD cases, parents: WES 

•  Many cases are sporadic ->  a role for de novo mutations?   

Saidi + 49 others   

•  Enrichment of mutations in proteins that modulate  
   H3K4 methylation 
•  De novo point mutations in several hundreds of   
   genes that together        10% of severe CHD  



Mutation in CLP1, a kinase required for  tRNA splicing,     
         abnormal neurodevelopment, & neurodegeneration 

and 38 others  



Hum Mut 34:561, 
2013 

 Rapid & efficient entry of families or cohorts 
 Provides unique identifiers 
 Clinical features based on OMIM Clinical Synopses 
 Searchable 

Finding families with new MCs 



Identifying the genes for MCs is of  
major importance to   

the development of Rx 
for common diseases, as well as MCs 



 
•  42.5% encode a gene underlying a MC  
 

• vs. 28.2% of proteins targeted by current therapeutics 
are found within GWAS signals 

 

Mendelian genes identify drug targets 
applicable to the general population 

Of 348 proteins linked to a human gene and specifically 
targeted by current therapeutics: 



• Nav1.7 Na+ channel channel = loss of pain 
• ROMK K+ channel, Bartter syndrome = low blood pressure 
• PCSK9 protease = low LDL cholesterol 
• Orexin receptor, narcolepsy = sleeping pill 
• SOST; LRP5 = high bone mass 
• APP and γ−secretase =  Alzheimer’s disease targets 

 
 

Mendelian genes identify drug targets 
applicable to the general population 

Mutations in 



Gene Therapy: 1966 Human Trials in 2014 

Reproduced with permission from the Journal of Gene Medicine web site 
http://www.wiley.co.uk/genmed. © 2009 John Wiley & Sons Ltd. 
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et al 

•  Progressive neurological deterioration, death 3-10 yr,   

•  A lysosomal enzyme defect: Aryl sulfatase A deficiency 

age 5 yr. 

Science, 341, 864, 2013 
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The application of knowledge of 
an individual’s genome to 

their health care 

MCs are the epitome of 
Personalized Medicine 



Orphan Drugs 

 ~ 200 companies are now conducting orphan drug clinical trials 

 a $50 billion industry, growing at rate of 25% per year 

 Some amazing successes:   



The Mouse Knockout  Project 

 Phase I: 2011 –2016 

•  18 centres around the world  

•  5000 genes 

•  ~ $250 million committed, multiple funders 

+ NIH $ for embryo phenotyping  

+ NIH $3M for a Cas9-RGN mouse production tech development 

 Phase I: 2017 –2021 

The remaining 15, 000 genes 



Many human MCs have no 
mouse equivalent 



Some general principles likely to be 
exposed by a larger collection disease genes 

 Relationship of genes and variants to phenotype 

 Phenotypic “expansion” 

 Informing systems biology 

 Relationship of Mendelian genes and variants to 

 those contributing risk for complex traits  

 A library of drug targets 



Advantages of CMGs 

• Deep experience in study design, 
sequencing and data analysis   

 
– Cost-effective, rigorous & productive access 

to cutting edge technology for experienced 
and naïve investigators with useful 
families/patient cohorts 

 



Advantages of CMGs (cont’d) 

• CMGs are immersed in broad issues re. 
Mendelian genomics, issues applicable to 
diverse projects 
 

• CMGs are agnostic to clinical area, 
focused on solving all Mendelian traits 



Summary: What has been the impact of  
CMG discoveries? 

• CMGs have made relatively inexpensive, high-throughput gene 
discovery for MCs available worldwide 

• Enormous amount of information about the biological function of 
each gene is provided by each MC “solved” 

• Changing the thinking about extent of pleiotropy and genetic 
heterogeneity 

• Enabled diagnostic and predictive testing for hundreds of MCs 
that that were undiagnosable 

• Added 100s of starting points for the development and testing of 
targeted therapies 

– Key -  only ~300 proteins targeted by current therapeutics 

 



Summary: What differences have the 
CMGs made? 

• Catalyzed the discovery of genes underlying Mendelian Conditions 
conditions 

• 100s of new phenotypes and novel genes for Mendelian Conditions 
delineated 

• 100s of “novel” genes for Mendelian Conditions  

• Found new biological mechanisms for Mendelian Conditions  

• Fostered development of statistical framework for assessing 
causality of variants for Mendelian Conditions  

• Equipped PIs in the human genetics community with tools and skills 
to interpret and in many cases complete their own analysis 

 



     Thank you 
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