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Sample sizes were selected based on our knowledge of rat-to-rat variability in behavior obtained in pilot experiments for developing the
behavior task. This led us to include 31 rats for chemogenetic experiments and 10 rats for optogenetic experiments. Among 31 rats for
chemogenetic experiments, 15 rats were injected with inhibitory DREADD virus in anterior cingulate cortex, 5 rats were injected with a control
virus in the same site, 6 and 5 rats were injected with inhibitory DREADD virus in prelimbic/infralimbic cortex and ventral thalamus,
respectively. Among 15 rats that were injected with inhibitory DREADD virus in anterior cingulate cortex, 10 rats were used for intraperitoneal
injection of clozapine-N-oxide (CNO) solution, 4 rats were used for local infusiointran experiments and one rat were used for both
experiments. Among 11 rats that were injected with inhibitory DREADD virus in anterior cingulate cortex and tested on intraperitoneal
injection of CNO, 5 rats were used for neural activity measurements during task performance. Among 10 rats for optogenetic experiments, 5
rats were injected with halorhodopsin virus (eNpHR3.0) in anterior cingulate cortex and the other 5 rats were injected with channelrhodopsin
virus (hChR2) in anterior cingulate cortex.

All animals tested were included in the study except that two animals injected with with inhibitory DREADD virus in anterior cingulate cortex
were excluded from the group analysis due the small number of CNO sessions (the two excluded rats were tested with CNO only in single
session). Behavioral sessions with trial number of equal to or fewer trials than 155 were excluded from the group analysis so that we could
analyze and compare rats' task performance across several epochs within a behavioral task block. In chemogenetic experiment, two animals
were tested with a higher dose of intraperitoneal administration of CNO solution (40 mg/kg). They were excluded from group analysis due to
the small sample size. Similarly, one rat was tested with lower (0.4ug/ul and 4ug/ul) doses of local infusion of CNO solution but was excluded
from the analysis due to the small sample size. In electrophysiological data analysis, all the isolated singule-units were included for analysis of
the effect of CNO administration on firing rate. In the analysis of the effect of CNO administration on rule selectivity, single-units with a
baseline firing rate of less than 3 Hz (measured during a 1sec period immediately before animal’s making the 1st choice) were excluded.
Similarly, in the analysis of the effect of CNO administration on outcome selectivity, single-units with a baseline firing rate of less than 1 Hz
(measured during a 1sec period starting from 1.5sec before animal’s initiating a trial) were excluded from the analysis.

No attempt at replication of the exact results has been done outside of our study. However, we are reporting results for all individual subjects,
as well as the average effect, in behavioral assessments with and without chemogenetic inactivations, neural activity measurements,
optogenetic inactivations and stimulations, and show how consistent are the results across different subjects.

Animals were randomly assigned to cohorts in chemogenetic experiments that were injected with inhibitory DREADD virus and its control
virus and in optogenetic experiments (optogenetic inactivations and excitations). The hemispheres that were implanted with electrode arrays
in electrophysiological experiments were randomly assigned in each rat (two and three rats were implanted with the array electrodes in left
and right hemispheres, respectively).

Blinding was not performed. However, the behavioral data collection process was entirely computer-controlled and automatic and, by doing
so, any potential bias in behavioral assessment and data analysis caused by investigators' knowledge of animals' identity was minimized.




