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Opioid use disorder (OUD) is a major public health crisis, affecting an estimated 2.1 million 

individuals in the United States. This condition is associated with epigenetic modifications in the 

brain that influence gene expression and may contribute to OUD susceptibility and pathogenesis. 

To investigate the extent to which these alterations are driven by genetic versus environmental 

factors, postmortem samples from the nucleus accumbens (NAc) and prefrontal cortex (PFC) of 

a mixed-ancestry cohort, consisting of both opioid overdose cases and accidental death controls, 

were analyzed. Following quality control, 91 NAc samples (47 cases, 44 controls) and 98 PFC 

samples (44 cases, 54 controls) were retained. Genotype data were integrated with ChIP-seq 

data to identify H3K27ac quantitative trait loci (hmQTLs), which are regions where H3K27ac 

occupancy is associated with genetic variants.  

QTL mapping revealed that certain regulatory effects were influenced by genetic variants only in 

the presence or absence of opioid exposure. Specifically, 1,417 and 874 hmQTLs exhibiting this 

context-dependent effect were identified in the NAc and PFC, respectively. Environmentally 

responsive hmQTLs colocalized with 255 expression QTLs, including genes like CELF5, 

SULT1A1, and SLC2A1. To validate case-specific effects, DNABERT, a transformer-based deep 

learning model, was adapted to predict H3K27ac occupancy based on sequence data. Trained 

on control samples, the model showed decreased predictive accuracy (Δ=9.9%, p < 0.001) in 

opioid-exposed cases, suggesting that the observed epigenetic differences likely stemmed from 

environmental influences beyond DNA sequence alone. These findings support context-specific 

regulatory regions in OUD and highlight AI's potential to investigate these hypotheses. 

mailto:qureshi@wi.mit.edu
mailto:corradin@wi.mit.edu




Accessibility Report





		Filename: 

		Qureshi. Fatir_revised.pdf









		Report created by: 

		VNelson



		Organization: 

		Synergy Enterprises, Inc







 [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		Skipped		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		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

