Vertebrate Animals
A. Description of Procedures
All procedures have been approved in the IACUC protocol TR201900003 by the Carnegie Mellon University Institutional Animal Care and Use Committee (IACUC) review board. 

Fresh brain dissection: Prior to decapitation, rats will be anesthetized with isoflurane until a lack of pedal withdrawal upon noxious pinch. Animals will be quickly decapitated. The brains will be quickly removed and sectioned in artificial cerebrospinal fluid on a vibrating microtome. 

Breakdown of new animal experimentation needed to complete aims. 
	Aim
	Experiment
	Species / Strain
	Number of Animals

	2a
	Single-nucleus ATAC-seq
	Rat / Brown Norway (male, female)
	3, 3


B. Justification of species
The rat nervous systems have been used by the addiction/reward neuroscience community to model the essential components of human addiction and reward. The use of rat aims to test this long-held assumption that the cellular and molecular profiles of the rat nucleus accumbens (NAc) is functionally and molecularly conserved. Widely used drug self-administration paradigms in rats recapitulate a number of behaviors characterized in human, some not observed in mice. Experimentalists remain undecided on whether lack of addiction behaviors in mice translates to inferiority as a model for addiction, so behavioral studies for substance use addiction are still conducted in rats. Inclusion of rat in this study will highly benefit interpretation of results from rats vs. mouse drug addiction studies performed at the cellular and molecular level and the relevance to the human condition. 

Selection of species, strain, sex, and age of animals
For all experiments, the developmental equivalents to 20-40 year old human adults in rat (8-18 month) of both sex will be used. Age and sex will be used as covariables for all analyses.

Justification for the number of animals used
Aim 2a seek to profile cellular populations within the NAc. A power analysis aiming to capture a minimum of 300 nuclei of any rare cell populations that are least 5% of all nuclei requires a target capture rate of 6,000 nuclei per tissue per animal. Using an N=3 per sex will produce a minimum of 1,800 nuclei per species over 4 biological replicates of this rare cell population. This will power discovery of cell type-specific genes/enhancers within the NAc while covarying for known variables contributing to variability: sex, age, and animal (as a random variable).

C. Minimization of pain and distress
Description of veterinary care
The Mellon Institute Central Vivarium (MICV) is a fully accredited facility. Rats are currently housed in a barrier facility, which is in the same building in which our lab is located. All rats in these studies will be bred within the MICV or ordered from Jackson Laboratories. Animals maintained in accordance with applicable portions of the Animal Welfare Act and the NRC Guide for the Care and Use of Laboratory Animals. Animal research at Mellon Institute and other Schools at CMU is overseen by the MICV. The expert veterinary staff of MICV ensure the implementation of a humane animal care and use program by providing a range of services to the university’s biomedical research community. All animals are housed in specific pathogen free (SPF) environments and are monitored daily by the MICV staff for infection or disease. If animal care issues arise, these issues will be immediately treated and resolved through interaction between laboratory personnel and the MICV staff. 

Methods of euthanasia
Adult rat euthanasia will be performed under deep anesthesia. These methods are consistent with the recommendations of the 2020 Report of the American Veterinary Medical Association Panel on Euthanasia and will only be performed by trained personnel. The proposed euthanasia procedures have already been approved by the CMU IACUC.
