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Chromosome 22 deletion

p arm q arm

Deletions up to 9.3 Mb
affect up to 108 genes

Overall size 50 Mb

Centromere
22q13.3

Can remove up to 20% 
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Deletions of different sizes

Centromere
22q13.3



Deletion sizes are evenly distributed
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Sarasua et al 2014

Larger deletions

Smaller deletions

Smallest deletions always include SHANK3

108 genes



Deletions can affect up to 108 genes
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After Mitz et al (SFN 2016)



Which genes are important: SHANK3?
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SHANK3

• The smallest impactful deletions always include SHANK3

• SHANK3 is critical for the function of most synapses in the 
brain. This impacts all forms of learning.

• PMS is a neurodevelopmental disorder. Therefore, SHANK3 is 
critical for development of the brain. This aspect is not well 
studied.

• SHANK3 loss makes the brain especially sensitive to stress, 
injury and  inflammation. 



Which genes are important: deletion size
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• Deletion size strongly influences core features of PMS (e.g. 
intellectual disability, walking, language).

• Deletions not involving SHANK3 can produce a syndrome with 
many of the same features1.

1 Wilson et al 2008, Disciglio et al 2014 

The influence of deletion size is well established



Which genes are important: other disorders
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Some genes can cause other medical conditions 

• Recessive genetic disorders of 22q13 can be unmasked by the 
chromosome deletion (e.g. metachromatic leukodystrophy). 

• Ring chromosome can cause additional problems.



Which genes are important: genes that can 
interfere with treatment
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• A treatment for SHANK3 will not fix the rest of a deletion. 

• Genes that have overlapping roles with SHANK3 may especially 
interfere with the success of a genetic treatment. 



Finding important genes: method 1
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Autism Intellectual disability 22q13
deletion

Common genes

Genes disrupted 
or missing

Genes 
missing

Mitz et al (SFN 2016)



Finding important genes: method 2
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All healthy people 22q13
deletion

Genes that 
almost never 
have a mutation
(Intolerant)

Common genes

Genes 
missing



Which genes are important?
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XRCC6

SREBF2

TCF20

SCUBE1

SULT4A1

PHF21B

PRR5
TBC1D22A

SMC1B

CELSR1

GRAMD4

Sleep                        



Six PMS genes closely associated with SHANK3
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Mitz et al 2024

Each gene met all of these criteria

1. Intolerant to loss of function

2. Involved with neurodevelopment

3. Interaction with SHANK3 directly or through a major common mechanism

4. Evidence of impact on human function or disorder



Some examples

14

TCF20 (OMIM 618430 in 2019)
Developmental Disability with Variable Intellectual Impairment 
and Behavioral Abnormalities (DDVIBA)1

CELSR1 
Associated with lymphedema and may be important for 
protecting the brain after injury2 

PHF21B
Critical gene for neurodevelopment as shown in the mouse3 and 
may have a role in major depressive disorder in people4 

1. OMIM: Online Mendelian Inheritance in Man
2. Wang et al 2020
3. Basu et al 2020
4. Wong et al 2017



Where are these genes?

15

123456789

PMS region of chromosome 22



Six PMS genes closely associated with SHANK3
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Mitz et al 2024



Review
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• Deletions of chromosome 22q13 can impact many genes.

• Studying the PMS population and studying large groups in the 
regular population provide complementary information about 
which genes are important.

• Each year new information clarifies the roles of important 
genes.

• At least six other genes of 22q13 substantially influence 
domains crucial to SHANK3 function.
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The future of research

• Encourage support for research on the many genes of 22q13.

• Find researchers who have already contributed to this work. 
Encourage new grant applications.

• Conquering PMS will require understanding these genes. I 
recommend studying 22q13 deletions that do not include 
SHANK3. 
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Thank you!
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