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The heritability of substance abuse disorders is high, ranging from 40-70%, and yet genome-level 
interrogations have been unable to identify variants that underlie most cases. Proposed sources 
of this “missing heritability” include (1) interaction among variants (epistasis), (2) many hundreds 
of single nucleotide polymorphisms (SNPs), each of small effect, or (3) rare variants of large effect 
that are difficult to sample. We applied a novel method we developed to detect structural variation 
(SVs, genomic changes greater than 50 bp) to genotypes from individuals diagnosed with autism 
spectrum disorder (ASD) and instead find that a major source of this missing heritability is most 
likely cryptic SVs that are difficult to identify with current methods. Like addiction and substance 
abuse disorders, ASD is highly heritable neuropsychiatric phenotype (80%, based on 680,000 
families and five countries) yet few genetic markers have been identified to adequately explain it. 
The genes harboring the SVs we discovered easily recapitulate the known molecular biology of 
ASD including dendritic spine development, axon guidance, and chromatin modification. Using 
independent RNA-Seq data from postmortem brain tissue we reveal that a frequent ASD-
associated SV disrupts at splice site in the GRIK2 gene, and we further define biological pathways 
that strongly implicate aberrant early development of the cerebellum. Importantly, using these 
previously excluded variants, we identify the ACMSD gene in the kynurenine pathway as 
significantly associated with non-verbal cases of ASD and we then use an explainable artificial 
intelligence approach to define subgroups for future diagnosis and deployment of personalized 
medicine. 

mailto:garvinmr@ornl.gov



Accessibility Report



		Filename: 

		GarvinMichael-2022GECCRT-508c.pdf






		Report created by: 

		VNelson


		Organization: 

		SD Solutions LLC





 [Personal and organization information from the Preferences > Identity dialog.]


Summary


The checker found no problems in this document.



		Needs manual check: 0


		Passed manually: 2


		Failed manually: 0


		Skipped: 3


		Passed: 27


		Failed: 0





Detailed Report



		Document




		Rule Name		Status		Description


		Accessibility permission flag		Passed		Accessibility permission flag must be set


		Image-only PDF		Passed		Document is not image-only PDF


		Tagged PDF		Passed		Document is tagged PDF


		Logical Reading Order		Passed manually		Document structure provides a logical reading order


		Primary language		Passed		Text language is specified


		Title		Passed		Document title is showing in title bar


		Bookmarks		Passed		Bookmarks are present in large documents


		Color contrast		Passed manually		Document has appropriate color contrast


		Page Content




		Rule Name		Status		Description


		Tagged content		Passed		All page content is tagged


		Tagged annotations		Skipped		All annotations are tagged


		Tab order		Passed		Tab order is consistent with structure order


		Character encoding		Passed		Reliable character encoding is provided


		Tagged multimedia		Passed		All multimedia objects are tagged


		Screen flicker		Passed		Page will not cause screen flicker


		Scripts		Passed		No inaccessible scripts


		Timed responses		Passed		Page does not require timed responses


		Navigation links		Passed		Navigation links are not repetitive


		Forms




		Rule Name		Status		Description


		Tagged form fields		Passed		All form fields are tagged


		Field descriptions		Passed		All form fields have description


		Alternate Text




		Rule Name		Status		Description


		Figures alternate text		Passed		Figures require alternate text


		Nested alternate text		Passed		Alternate text that will never be read


		Associated with content		Skipped		Alternate text must be associated with some content


		Hides annotation		Passed		Alternate text should not hide annotation


		Other elements alternate text		Passed		Other elements that require alternate text


		Tables




		Rule Name		Status		Description


		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot


		TH and TD		Passed		TH and TD must be children of TR


		Headers		Passed		Tables should have headers


		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column


		Summary		Skipped		Tables must have a summary


		Lists




		Rule Name		Status		Description


		List items		Passed		LI must be a child of L


		Lbl and LBody		Passed		Lbl and LBody must be children of LI


		Headings




		Rule Name		Status		Description


		Appropriate nesting		Passed		Appropriate nesting







Back to Top
