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2009-10 – Pierce Lab – Pediatric inherited retinal degeneration 
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2009-10 – CSC – Pediatric inherited retinal degeneration – exome sequencing 
  
 FLVCR1 c.361A>G (N121D) – Retinitis pigmentosa and posterior column ataxia 
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A few days later… 
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A few days later… 

FLVCR1 c.361A>G (N121D) – Retinitis pigmentosa and posterior column ataxia 

HARS c.1361A>C (Y454S) – Usher syndrome 3b 

BRAT1 c.638_639insA – Lethal neonatal rigidity and multifocal seizure syndrome 

TUBGCP6 c.5458T>G (X1820G) – Mennonite microcephaly with chorioretinopathy 

CRADD c.382G>C (G128R) – Non-syndromic intellectual disability 

SNIP1 c.1097A>G (E366G) – psychomotor retardation, epilepsy, and craniofacial dysmorphism 

 



Challenges 

Rapid pace of disease gene discovery ! need for corresponding functional data 

Gnirke)et)al.)(2009))

Exon)capture)

Exome)sequencing)
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Challenges 

Rapid pace of disease gene discovery ! need for corresponding functional data 
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5x)increase)by)June)1,)2013)to)75)rare,)poten5ally)pathogenic)alleles))



Challenges 

Rapid pace of disease gene discovery ! need for corresponding functional data 
 
Long-term “teachable moment”… 
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Challenges 

Rapid pace of disease gene discovery ! need for corresponding functional data 
 
Long-term “teachable moment”… 

HHMI Bulletin, Fall 2012 
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Diagnosis through deep phenotyping:  
  •  Thorough description of physiological, 

 anatomical, biochemical, and genetic  
 characteristics of a particular disease. 

 
  

Disease gene identification: 
  • Identification of the specific gene 

 mutation that underlies the phenotype. 
   (~25,000 genes; 3 billion base pairs) 
  

 
Functional studies: 

  • Determine pathophysiological 
 consequences of disease gene variants 
 at molecular, cellular, systems, and 
 organismal (knock-out/in transgenics) 
 levels. 

))

Approach 
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Develop treatment strategies:  
  •  Can disease course be altered to 

 improve outcomes using research- 
   grade phenotyping and functional 
   data?  E.g. – GM3 synthesis/ 
   purification. 

 
  

Public Health Research & Outreach: 
  • Develop courses and student-faculty 

 research focused on: 
 

   production of educational materials for  
 patients, families, and caregivers, and 

 
   epidemiological surveys of disease 

 burden for novel inherited disorders. ))

Approach 
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Outcomes 

BRAT1 c.638_639insA  – Lethal neonatal rigidity and multifocal seizure syndrome (RMFSL) 
 
 

BRAT1 interacts with BRCA1 and ATM – Inhibits ATM phosphatase in DNA damage 
response. 
 
BRCA1 “chaperones” BRAT1 to the nucleus (Aglipay et al., 2006).   
 
 

BRAT1 ins. c.638_639A mutation        reading frame shift for amino acids 214-401, and 
premature truncation at Leu401. 
 
  
wt BRAT1   
 
BRAT1 c.638_639A 
 
Mutation likely eliminates the BRCA1 and ATM binding sites in BRAT1. 

BRCA1)binding)domain)
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Outcomes 

Lethal neonatal rigidity and multifocal seizure syndrome (RMFSL)  
OMIM 614498 
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PNKP*)

WildRtype)

BRAT1)c.638_639insA)

PNKP)

Loss-of-function mutations in PNKP        microcephaly, early-onset, intractable seizures and 
developmental delay (Shen et al., 2010; Nat. Genetics 42:245). 

ac5vated)

Not)ac5vated)
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Outcomes 
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Outcomes 

Science&Transla,onal&Medicine&4,)154ra135)(2012))
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CRADD  c.382G>C; Gly128Arg  recessive non-syndromic mental retardation (Mennonite) 

Functional studies: CRADD – caspase-recruitment-domain (CARD) and death domain (DD) adaptor protein 

CRADD)(aka)RAIDD))links)PIDD)(p53Rinduced)protein)with)death)domain))and)caspaseR2)to)form)

PIDDosome)required)for)caspaseR2)ac5va5on)during)apoptosis.)

)

CRADD)c.382G>C)muta5on)alters)a)highly)conserved)residue)(Gly128))within)the)CRADD)death)

domain.))May)alter)CRADD:PIDD)interac5on)and/or)CRADD:RIPK1)interac5on)at)DDs.)

Cell)128:533)



Collabora'on)with)The)Clinic)for)Special)Children)
Inherited)disorders)of)the)nervous)system)in)Plain)Communi5es)

Functional studies: CRADD – caspase-recruitment-domain (CARD) and death domain (DD) adaptor protein 
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Functional studies: CRADD – caspase-recruitment-domain (CARD) and death domain (DD) adaptor protein 

wt)V5;hCRADD)FL)

A) B)

10)µm)

C)

non;transfected)V5;hCRADD)FL)Gly128Arg)

β;ac'n))
40)kDa)

CRADD))
19)kDa)

40)kDa)–)

30)kDa)–)

D)

Alteration of caspase-2 initiated apoptosis (resulting 
from disruption of the PIDDosome) during neuronal 
proliferation may lead to inappropriate neuronal cell 
death that results in cognitive impairment. 



)
SNIP1  c.1097A>G  Psychomotor retardation, epilepsy, and craniofacial   

  dysmorphism 
 
FLVCR1  c.361A>G  Posterior column ataxia, retinitis pigmentosa 
 
TUBGCP6  c.5458T>G  Microcephaly with chorioretinopathy 
 
BRAT1  c.638_639insA  Rigidity and multifocal seizure syndrome, lethal neonatal 
 
HARS  c.1361A>C  Usher syndrome type IIIB; retinitis pigmentosa and prog.  

  sensorineural hearing loss; fever-induced hallucinations 
 
CRADD  c.382G>C  recessive non-syndromic mental retardation 
 
HERC2  c.1781C>T  autism spectrum disorder, developmental delay 
 
XXXX  XXXX  recessive non-syndromic mental retardation 
 
SLITRK6  c.1240C>T  congenital hearing loss 
 
XXXX  XXXX  CODAS syndrome 
 
XXXX  XXXX  Yoder dystonia with chronic kidney disease 
 
XXXX  XXXX  Mental health 
 
XXXX  XXXX  Venous thromboembolism (dominant; non-Plain) 
 
XXXX  XXXX  Syndromic developmental delay 
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Impact on F&M 

Integration of collaboration with Clinic into curriculum and student-faculty research 
 
Jinks, Davis, Roberts, Miller, Rice, Yost, Hess, Fenlon, Brewer, Nadig, Billig 
 
Neuroscience, Biology, Public Health, Biochemistry & Molecular Biology, 
Chemistry, Anthropology 
 
Research-intensive courses reach over 150 undergraduates annually.  
 
Summer research experiences in translational research and public health 
for over 20 undergraduate students   
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