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GWASs have identified many risk variants for smoking-related traits, but the neural bases of 
these risk variants remain unclear. We linked brain transcriptomes and genome-wide genetic 
effects of cigarettes per day (CPD) to investigate the neurogenetic mechanisms of nicotine 
misuse. We constructed whole-brain and intramodular region-specific coexpression networks 
using BrainSpan's developmental transcriptomes and the GWAS-identified risk variants of CPD 
derived by the U.K. Biobank. Eight brain-region-specific coexpression subnetworks were 
identified in association with CPD (p-values<0.01): amygdala, hippocampus, medial prefrontal 
cortex (MPFC), orbitofrontal cortex (OPFC), dorsolateral prefrontal cortex, striatum, 
mediodorsal nucleus of the thalamus (MDTHAL), and primary motor cortex (M1C). Using an 
independent cohort, we confirmed that the genes in the eight subnetworks were collectively 
associated with CPD. Based on network topology to prioritizing proteins, we identified three 
hub proteins encoded by GRIN2A (glutamate-receptor-ionotropic-NMDA-subunit-2A) in the 
amygdala, PMCA2 (plasma-membrane-Ca2+-ATPase-2) in the hippocampus, MPFC, OPFC, 
striatum, and MDTHAL, and SV2B (synaptic-vesicle-glycoprotein-2B) in M1C, which have been 
implicated in stress response, drug memory, calcium homeostasis, and inhibitory control. We 
also observed that the pancreatic secretion pathway appeared in all of the significant 
subnetworks of protein interactions, suggesting pleiotropic effects between pancreatic diseases 
and cigarette smoking. To our knowledge, we present the first study linking developmental 
brain transcriptomes and GWAS risk variants to identify brain-region-specific networks enriched 
for CPD. The findings provide new evidence of the neurogenetic underpinnings of smoking 
severity in relation to emotional distress, ingrained drug memory, decision-making, reward 
processing, and inhibitory control dysfunction. 

mailto:bao-zhu.yang@yale.edu



Accessibility Report


		Filename: 

		YangBaoZhu_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: 2

		Passed: 28

		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		Passed		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		Passed		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		Skipped		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
