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Copy Number Variant – Deletion
(M. Wigler)



Copy Number Variant - Duplication



Gene Discovery – Copy Number 
Variants (CNVs)

E. Eichler

• Large CNVs (>200 kbp)   ~10%

• Smaller CNVs (1 kbp—200 kbp)

– Gene disruptive CNVs ~10%

• Exome de novo disruptive

• Exome inherited rare

Genetic Basis of Autism
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Neurexin & Neuroligin
Mutations in Autism

Neurexins & neuroligins define a potential 
synaptic pathway in ASD pathogenesis



Left

Markers of Functional Specialization: 
Asymmetry
(R. Buckner)



Challenges

Very little is known about diversity in systems-level brain 
architecture.

What is normal and what is atypical is unclear. 

Genetic influences emerge from rare variants or may exert small 
effects necessitating large samples for many forms of discovery.

Need an approach to explore diversity across normal individuals.

- Robust within individuals. 
- Amenable to collection of large samples. 
- Provides a foundation for genetic explorations.
- Can be connected to behavior.
- Extendable to ASD and related groups.
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Unsilencing of paternal Ube3a throughout brain

Maternal Ube3a-YFP Paternal  Ube3a-YFP Paternal Ube3a-YFP

Vehicle Drug “T”Vehicle

i.c.v. injections to assess unsilencing in brain
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Unsilencing of paternal Ube3a throughout brain
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General Strategy

15 min MRI



Function of Ube3a

modified from Dan, 2008
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Ube3a in Autism Spectrum Disorders

• Deletions or mutations of UBE3A underlie Angelman syndrome, a

severe mental retardation and autism spectrum disorder 

(Wagstaff and Beaudet labs, 1997; Peters et al., 2004)

• Maternal duplication of the 15q11-13 region, spanning the UBE3A gene,

is one of the most identifiable genetic causes of autism

(Cook et al., 1997; Schroer et al., 1998; Glessner et al., 2009)

• UBE3A is required for experience-driven plasticity during critical periods

(Yashiro et al., 2009; Sato and Stryker, 2010)



Disorder Cases (n) Total 

cases

Incidence 

(%)

de novo

(%)

Second 

hits

Second 

hit (%)

p-value

Smith-Magenis 

syndrome

25 20,647 0.12 100% 0 0% -

17q21.31 

syndrome

29 20,647 0.14 100% 0 0% -

Williams 

syndrome

60 20,647 0.29 100% 3 5% 0.52

DiGeorge 

syndrome

113 20,647 0.54 76.4% 8 7% 0.17

15q13.3 deletion 66 20,647 0.32 24% 6 9.1% 0.1

16p11.2 deletion 91 20,647 0.44 76.4% 9 9.9% 0.03

22q11.2 

duplication

26,176 0.37 22.5% 11 11.3% 0.011

1q21.1 deletion 25,866 0.37 33% 11 11.2% 0.01

16p12.1 deletion 21,127 0.19 4.76% 9 21.9% 0.0002

Controls1 471 5285 21 4.4%

Controls 

(unconditioned)2

5285 21 0.39%

Lesson #3: Two-Hit CNV Model of 
Disease

1For comparison, controls were conditioned to have at least one large CNV (>500 kbp) 
and then the number of second hits in these cases were counted. 2controls were not 
conditioned for first hit.  This gives an estimate of two hits in the general population 
compared to affected individuals



Summary  
(E. Eichler   9/2010)

• Large CNVs (~500 kbp) account for ~11% of SSC–
inheritance assessment suggests that 1/3 rd are de 
novo. 

• Refinement of 17 targeted regions identifies 
candidate smaller CNVs in 13.8% of samples  eg. 
CDH8 and ACACA

• New hotspots emerging eg. 15q25 highlighting 
specific genes IMMP2L, ATXBP1, CTNNA3  (1-2% of 
patients)

• Exome sequencing on 17 trios—reveals de novo and 
inherited mutations in strong candidates (FOXP1, 
GRIN2B, CNTNAP2, SHANK2). 



Copy Number Variants



General Strategy
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