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 6% of patients contacting the NIH Office of 

Rare Disorders do not have a diagnosis 

 

In the United States 6% of the general 

population suffers from a rare disorder 



Launched in May, 2008 as a 5 year pilot project with 

two main objectives: 

 Public Service 

▪ To provide answers to patients with mysterious conditions that 

had long eluded diagnosis 

 Biomedical Research 

▪ To advance medical knowledge by providing insight into human 

physiology and the genetics of rare and common diseases 



27 Institutes and Centers 

1200 physician investigators credentialed 

  at the NIH Clinical Center 



 Adult and pediatric directors triage records for 

review by appropriate specialists 

 Directors synthesize reviews and make a final 

disposition 

 Patients/referring physicians are informed  

 Accepted patients are admitted for a 1 week evaluation 

 The majority of patients who are not accepted receive 

personalized letters with recommendations for further 

work up 

 



variable 

Chart sorted, scanned and sent to 

reviewers; pathology slides reviewed;   

imaging reviewed by pediatric  

neuroradiologist 

Data collection on standardized forms 

stored electronically 

Case Presented at monthly 

PUDP screening meeting by  

1o reviewer 

4-6 weeks 

Physician request received, and 

acknowledged. 

Additional information requested 

Additional workup with home team 

requested; specific recommendation made 

If additional suggested workup  

unrevealing, then reconsider for NIH 

admission 

variable 

Case accepted and placed in 

cue for NIH admission; 

workup plans formulated by 

PUDP team 

Case declined. 

•Diagnosis already 

established. 

•Additional workup 

 unlikely to yield 

diagnosis. 

•Inadequate workup 

(standard testing options 

 not exhausted) 

Case accepted and meets 

inclusion criteria for another 

active NIH Clinical Center 

study 



 Patients more likely to be selected 

 Objective documented physical or biochemical 
finding 

 Completely evaluated  in an academic medical 
setting 

 Family structure favorable to genetic analysis 

▪ Both parents available for blood samples 

▪ Unaffected sibling 

▪ Additional affected members with the same or very 
similar phenotype 

▪ Consanguineous families 



Selection: 

Clinical Criteria 

Comprehensive 
Record 

Evaluation 

Extensive Clinical 
Evaluation 

Biospecimen 
Collection 

Clinical Testing Exome 

Clinical Diagnosis 
if Possible 

Active 
Collaborator 
Recruitment 



 8000 inquiries 

 3000 medical records reviewed 
▪ 650 participants accepted into program 

▪ Diverse symptoms, > ½ neurologic, ~⅓ pediatric 

▪ 24% offered some diagnostic results/clarification 

 Range from named syndromes to well understood 

diseases 

▪ 76% not able to be provided any diagnostic clarification 



       Applicants     Accepted 

Cardiovascular   40  22 

Dermatology    47    8 

Endocrine    33  13 

Fibromyalgia/CFS   79    3 

Gastrointestinal           106  13 

Hematology    23    7 

Immunology    63  15 

Neurology            512          164 

Pulmonary    28  14 

Renal     19  10 

Rheumatology   56  19 

 

Female    60%  56% 
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 Patients Evaluated          215 (193 families) 

 Patients diagnosed              56 (26%) 
▪ Two families had 3 diagnoses each 

▪ Nine families had 2 or more affected sibs 

▪ Two patients had a deceased sib 

   with the same phenotype 

 Genetic diagnoses made    50 
▪ Next Gen/SNP analysis      22 

▪ Conventional testing      28 

 

  



NT5E/calcification KCTD7/ataxia SMS/neuro and bone 

Call Fleming MBTPS2/Ichthyosis ARH3/neuropathy 

SPG7/HSP C19orf12/neuro SOX10/Waardenburg 

ABCA4/Stargardt C9orf72/dementia AFG3L2 

Joubert Syndrome 24 hydroxylase def GRIN2A/neuro 

IgG4 sclerosing fibrosis CHST14 GRIN2B/neuro 

Dejerine-Sottas LMNB1/leukodyst. DNAH1/ciliopathy 

Pitt Hopkins FA2H RAI1/Smith Magenis 



 Good candidate genes in an additional 59 

families (quartets on average) 

 Mendelian consistent, rare, good coverage, and 

predicted deleterious,   BUT 

 Gene is not associated with any known disease 

 Gene associated with known disease,  but not our 

phenotype 



 Given our selection criteria, a minority of well-

worked-up undiagnosed diseases will be known 

diseases. 

 We hypothesize that a significant number of 

the remainder have “new” diseases: 

 Undiscovered disease-gene associations 

 Multiple contributing genes 

 Environment-gene interactions 

 Diseases caused by non-coding DNA changes 

 



Each patient, each family 

becomes a research project… 



Selection: 

Clinical Criteria 

Research Criteria 

Comprehensive 
Record 

Evaluation 

Extensive Clinical 
Evaluation 

Biospecimen 
Collection 

Clinical Testing 

Exome 

Glycome 

Metabolome 

Clinical Diagnosis 
if Possible 

Create Research-
Grade Dataset 

Active/Passive 
Collaborator 
Recruitment 



 
NextGen Sequencing that is Population and Parent Aware at 

both Alignment and Genotyping 
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Random 

sequence 

Perfectly 

reconstituted 

sequence 

Random 

reference 

Human 

species 

reference 

Living organism 

reference 

Human 

subspecies 

reference 

Parent 

reference 

Alignment accuracy as a function of 

the relationship between the 

reference used and the sequence 

being aligned 



 Signs and Symptoms (Phenotype) mapped to 

standard ontology (HPO) 

Phenotips example 

Create Research-
Grade Dataset 



 Exome/Genome sequencing 

 CSF, Plasma, Urine N- and O- 

linked glycans 

 CSF and Urine Metabolomics 

 CSF Lipidomics 

 CSF/plasma/urine isoprostanes 

 CSF/plasma/urine 

acylcarnitines 

Prioritize/deprioritize DNA sequence candidates 
+/- stand alone findings 

Exome 

Glycome 

Metabolome 



 Active Collaborator Discovery 

 Identify established investigators 

▪ Automate from phenotypes 

 Passive Collaborator Discovery 

 Searchable case database 

▪ dbGaP 

▪ PhenomeCentral  

 Cohort Creation 
 Automate from phenotypes 

 

Active/Passive 
Collaborator 
Recruitment 



 A patient centric information, process 

management and communications system 

designed to improve productivity and 

collaboration. 

 Enables UDP leaders to manage each patient’s 

disease as a unique research project with 

unique experimental design and cohort of 

collaborators. 





 

 

 

 

 UDPICS is fully 

integrated with 

 Phenotips 

 FreezerPro 

 Sciency 

 EzColony 

 The system can be 

customized to 

meet specific 

individualized 

requirements 













proband 

affected sib 

mother 

father 

unaffected sib 

exon26:c.3638A>G:p.H1213R exon29:c.3988C>T:p.R1330X 



(Infantile cerebral & 

 cerebellar atrophy) 

(X-linked mental retardation: 

FG syndrome 

Lujan syndrome) 

(AR Axonal CMT) 

(Transposition (TGA)) 

(22q11.2 deletion syndrome) 

Multi-subunit RNA polymerase II 

transcriptional regulator 

Hashimoto S, Boissel S, Zarhrate M, Rio M, Munnich A, 

Egly JM, Colleaux L. MED23 mutations links intellectual 

disability to dysregulation of immediate early gene  

Expression. (2011) Science 333:1161-3. 

Collaboration with Dr. Zhao to 

generate drosophila model to  

functionally validate phenotype 

has promising preliminary results. 
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   “A small group of 
thoughtful people 
could change the 
world. Indeed, it’s 
the only thing that 
ever has.” 

     
      -Margaret Mead 



Willam A. Gahl 

Cynthia Tifft 

David Adams 

Camilo Toro 

Dennis Landis 

Fred Gill 

Grace Park 

John Schreiber 

Ariane Soldatos 

Johannes Dastgir 

Paul Lee 

Tyler Pierson 
 

Gretchen Golas 

Lynne Wolfe 

Catherine Groden 

Michele Nehrebecky 

Colleen Wahl 

Rena Godfrey 

Joy Bryant 

Jean Johnston 

Casey Hadsall 

Val Robinson 

David Draper 

Cheryl Hipple 

Jose Salas 

Joan Rentsch 

Anabella Roman 

Lisa Gardner 

Quentin Whitley 

 

Neil Boerkoel 

Tom Markello 

Murat Sincan 

Praveen Cherukuri 

 

Karin Fuentes Fajardo 

Valerie Muduro 

Hannah Carlson-Donohoe 

Jacqueline Brady 

Aditi Trehan 

Dimitre Simeonov 

John Accardi 

May Malicdan 

Yan Huang 

Shira Ziegler 

Tim Gall 

Taylor Davis 

Charles Markello 

Roxanne Fischer 

William Bone 

Amanda Links 

Elise Flynn 

Elise Valkanas 

 



Charité Hospital, Berlin 

Peter Robinson 

 

University of Toronto 

Michael Brudno 

 

Oregon Health Sciences University 

Melissa Haendel and the 

Monarch Consortium 

 

Children’s Hospital Philadelphia 

Michael Bennett 

Miao He 

 

Case Western Reserve University 

Charles Hoppel 

 

Sanger Institute, Cambridge University 

Damian Smedley 

University of Cinncinati 

Bruce Aronow 

 

NHGRI 

Shawn Burgess 

 

University of Miami 

Grace Zhai 

Gennaro D’Urso 

 

University of California, Los Angeles 

Shuo Lin 

 

NIH Intramural Sequencing Center 

Jim Mulliken 

 

NIH Clinical Center 

> 50 physician scientists who volunteer 

their time and expertise 


