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Validation

Sample size was determined based on previous studies utilizing the same methodology and/or targeting the same brain regions. These include
Augur et al. (2016, Journal of Neuroscience; PMID: 27683912), Gianotti et al. (2018, Journal of Neuroscience; PMID: 30185459) and Pardo-
Garcia et al. (2019, Journal of Neuroscience; PMID: 30622165).

Rats were excluded from the study based on (1) misplaced intracranial cannulas or virus injections or the absence of virus expression, (2)
unstable behavior, (3) catheter failure or the development of sickness during the study. Exclusion criteria were established a priori, before
experiments were conducted.

Attempts at replicating the data were successful as described here. The main findings of the study (subpopulations of rats prefer heroin over
food reward and a selective neural circuit is capable of limiting drug choice; Figure 2a) were replicated in a second independent cohort using
an alternative method (pharmacological inactivation of the region that contains the cell bodies for this circuit; Figure 3b). Another main
finding (the circuit also limits drug seeking during relapse; Figure 3d,4e) was not replicated between these different methods likely due to the
involvement of competing neural circuits (cell bodies) located in the targeted brain region using the pharmacological inactivation strategy. Of
note, while these were not exact replications per se due to the use of different methodologies, the consistency of the finding on heroin choice
increases the rigor of this study. No attempt was made to replicate other findings reported in this study (behavioral economics analyses, spine
analyses; Figures 1, 6).

Rats were randomly assigned to counterbalanced treatment groups for testing based on prior behavioral responding. In addition, a crossover
design was used for behavioral experiments such that all rats were tested twice for each test (once with an active manipulation, and once
with a control treatment)

Personnel running the behavioral experiments and histological validation of intracranial placements were blind to experimental manipulations
and experimental outcomes. Images for cell counts and structural analyses were acquired blind and data was analyzed in a blinded manner.

Primary antibodies used included rabbit anti-cFos (1:2000, Millipore Cat# ABE457, RRID: AB_2631318), chicken anti-mCherry (1:5000,
LifeSpan, Cat# LS-C204825, RRID: AB_2716246). Secondary Alexa-fluor conjugated antibodies (1:500; Jackson ImmunoResearch Labs)
used were donkey anti-Chicken 488 (Cat# 703-585-155, RRID:AB_2340377), donkey anti-chicken 594 (Cat# 703-585-155,
RRID:AB_2340377), donkey anti-Rabbit 680 (Cat# 711-625-152, RRID:AB_2340627) and donkey anti-Rabbit 488 (Cat# 711-545-152,
RRID:AB_2313584).

cFos antibody validated and titrated in our lab using tissue with known expression pattern of Fos protein and initial concentration
chosen based on literature (RRID: AB_2631318). mCherry antibody concentration chosen based on literature (RRID: AB_2716246)
and validated in our lab using positive and negative control tissue.




