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Supplementary figure 9. All effects between ACh event frequency, speed, and cocaine zone 
preference from speed decile-based analyses (Figure 3e-f) are recovered when using defined speed 
bins. a. Mean event frequency by speed during Baseline and Test 1. Event frequency is negatively 
modulated by speed, and to a greater extent at Test 1 than at Baseline (Effect size d =  -0.722, p = 1.4*10-

6 for speed; effect size d = 0.460, p = 0.002 for session*speed in an LMER with session (Baseline vs Test 
1), speed decile, and their interaction as fixed effects and mouse as random effect). b. Mean event 
frequency by speed on Test 1 for individual mice. Individual traces are colored by median split of slope to 
highlight differences in speed dependency (black: less negative speed vs. frequency slope; blue: more 
negative speed vs. frequency slope).  c. Mean preference for the cocaine zone when mice are median split 
by the slopes of the speed decile vs. Test 1 mean event frequency (Less speed dependence, black, n = 8; 
More speed dependence, blue, n = 8). Speed decile slope is significantly predictive of preference on Tests 
1-4 (F(1,14) = 8.337, p = 0.012 for median split group in repeated measures ANOVA with group, test number, 
and their interaction as fixed effects and mouse as random effect).  
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Supplementary figure 10. Mean speed on Test 1 does not correlate with mean ACh event frequency 
on Test 1 or preference for the cocaine zone on Tests 1-4. a. Correlation between mean speed on Test 
1 and mean ACh event frequency on Test 1 (R = 0.010; p = 0.971). b. Correlation between mean speed on 
Test 1 and mean preference for the cocaine zone across Tests 1-4 (R = -0.005; p = 0.987). 
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Supplementary figure 11. ChR2-YFP expresses selectively in ChINs in ChAT::IRES-Cre / drd1a-
tdTomato mice. Co-localization between ChR2-YFP and ChAT immunohistochemistry in NAc shell in 
tissue from ChAT::IRES-Cre / drd1a-tdTomato mouse. Scale bar, 20 µm.  
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Supplementary figure 12. Transgenic line affects meean speed but not CPP formation or ChIN 
activation. a-b. There was no effect of transgenic line on preference, and no interactions between 
transgenic line and group or between transgenic line and session (F(1,118) = 0.307, p = 0.581 for transgenic 
line; F(1,118) = 0.689, p = 0.408 for transgenic line*session; F(1,118) = 0.001, p = 0.981 for transgenic 
line*group; F(1,118) = 0.005, p = 0.942 for transgenic line*session*group;  Multi-factor, repeated measures 
ANOVA with transgenic line (ChAT::Cre/drd1a-tdTomato vs ChAT::Cre/drd2-GFP), group (ChIN activation 
vs control), and session (Baseline vs Test) as factors.) c-d. There were significant effects of session and 
transgenic line on mean speed, but no effect of ChIN activation and no interactions (F(1,237) = 8.79, p = 0.003 
for transgenic line; F(1,237) = 24.7, p < 1*10-5 for session; F(1,237) = 0.46, p = 0.499 for group; F(1,237) = 1.75; p 
= 0.187 for session*group; F(1,237) = 1.53, p = 0.217 for transgenic line*session; F(1,237) = 0.74, p = 0.391 for 
transgenic line*group; Multi-factor, repeated measures ANOVA with transgenic line (ChAT::Cre/drd1a-
tdTomato vs ChAT::Cre/drd2-GFP), group (ChIN activation vs control), session (Baseline vs Test), and their 
interactions as fixed effects and mouse as random effect.)  
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Supplementary figure 13. Mice exhibit significantly lower mean speeds on Test in the optogenetic 
experiment, and ChIN activation does not affect speed by chamber. a. Mean speed during the Baseline 
and Test sessions. Mice are slower on Test compared to Baseline  (F(1,359) = 41.969, p = 3.06*10-10 for 
session in a multi-factor, repeated measures ANOVA on speed with session (Baseline vs Test), group 
(ChIN activation vs control), side (Saline vs Cocaine), and their interactions as fixed effects and mouse as 
random effect.) b. Mean speed by chamber side during Baseline and Test 1. Mice are significantly slower 
in the cocaine zone compared to the saline zone during the extinction Test (F(1,239) = 13.426, p = 3.1*10-4 
for side in a multi-factor, repeated measures ANOVA on Test speed with group (ChIN activation vs control), 
side (Saline vs Cocaine), and their interaction as fixed effect and mouse as random effect), and ChIN 
activation does not affect speed by chamber side on either session (F(1,239) = 2.653, p = 0.105 for group; 
F(1,239) = 0.283, p = 0.595 for group*side in a multi-factor, repeated measures ANOVA on Baseline speed 
with group, side, and their interaction as fixed effect and mouse as random effect; F(1,239) = 1.968, p = 0.162 
for group; F(1,239) = 1.854, p = 0.175 for group*side in a multi-factor, repeated measures ANOVA on Test 
speed with group, side, and their interaction as fixed effect and mouse as random effect). 
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Supplementary figure 14. Combined D1R MSN and D2R MSN mEPSC data from Figure 4. Combined 
data recovers effect of ChIN activation on mEPSC frequency, but masks effect of ChIN activation 
on mEPSC amplitudes at D2R MSNs. a. Timeline of CPP experiments prior to ex vivo recordings. One 
group received optogenetic stimulation of ChINs during extinction testing (447 nm, 15 Hz, 5 ms pulse 
duration, 2 s light on interleaved with 2 s light off). Immediately after the test, brain slices were collected for 
ex vivo recordings. b. Cumulative probability of interevent intervals for mEPSCs at all MSNs. ChIN 
activation decreased mEPSC frequency at MSNs compared to controls (p = 8.38 * 10-5 for group in a LMER 
on frequency with group (ChIN activation vs control) as fixed effect and cell as random effect. Inset: median 
frequency of mEPSCs. Control group, n = 25 cells, 22 mice, 4.88 ± 0.40 Hz. ChIN activation group, n = 23 
cells, 16 mice, 2.58 ± 0.37 Hz). c. Cumulative probability of amplitudes for mEPSCs at all MSNs. ChIN 
activation did not affect mEPSC amplitude in MSNs compared to controls (p = 0.189 for group in an LMER 
on amplitude with group (ChIN activation vs control) as fixed effect and cell as random effect. Inset: median 
amplitude of mEPSCs. Control group, n = 25 cells, 22 mice, 12.11 ± 0.32 pA. ChIN activation group, n = 23 
cells, 16 mice, 11.72 ± 0.50 pA). 
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Supplementary figure 15. ChIN activation during extinction testing did not affect 
afterhyperpolarization or spike amplitude statistics. a. Summary of mean action potential thresholds. 
ChIN activation did not significantly alter AP thresholds in D1R MSNs (p = 0.222, two-tailed t test; Control 
group, n = 17 cells, 5 mice,  -32.449 mV  ± 0.819. ChIN activation group, n = 18 cells, 4 mice, -33.652 mV 
± 0.5336) or D2R MSNs (p = 0.598, two-tailed t test; Control group, n = 17 cells, 7 mice, -35.690 mV  ±  
0.586. ChIN activation group, n = 15 cells, 4 mice, -35.236 mV ± 0.619). b. Summary of mean rheobase 
currents, measured as the mean of the smallest injected currents to generate a spike on each run of 
increasing current steps. ChIN activation did not significantly affect rheobase currents in D1R MSNs (p = 
0.299, two-tailed t test; Control group, n = 17 cells, 5 mice, 164.706 pA  ±  13.480. ChIN activation group, 
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n = 18 cells, 4 mice, 185.556 pA ± 14.376) or D2R MSNs (p = 0.713, two-tailed t test; Control group, n = 17 
cells, 7 mice, 136.875 pA  ±  8.790. ChIN activation group, n = 15 cells, 4 mice, 142.000 pA ± 10.747). c. 
Summary of mean latency to first spike. ChIN activation significantly decreased latency to spike in D1R 
MSNs  (p = 0.010, two-tailed t test; Control group, n = 17 cells, 5 mice, 197.522 ms  ±  11.916. ChIN 
activation group, n = 18 cells, 4 mice, 155.727 ms ± 9.735), but did not significantly affect latency in D2R 
MSNs (p = 0.193, two-tailed t test; Control group, n = 17 cells, 7 mice, 162.771 ms  ±  12.375. ChIN 
activation group, n = 15 cells, 4 mice, 140.244 ms ± 11.407). d. ChIN activation during extinction testing 
did not affect spike peak in D1R MSNs (p = 0.581 for two-sample t-test; Control group, n = 16 cells, 5 mice, 
40.746 mV ± 1.645. ChIN activation group, n = 18 cells, 4 mice, 41.892 mV ± 1.256) or  D2R MSNs (p = 
0.209 for two-sample t-test; Control group, n = 16 cells, 7 mice, 33.147 mV ± 2.301. ChIN activation group, 
n = 15 cells, 4 mice, 37.164 mV ± 2.101). e. ChIN activation during extinction testing did not affect fast 
hyperpolarization in D1R MSNs (p = 0.426 for two-sample t-test; Control group, n = 16 cells, 5 mice, -6.472 
mV ± 0.612. ChIN activation group, n = 18 cells, 4 mice, - 7.223 mV ± 0.698) or D2R MSNs (p = 0.294 for 
two-sample t-test; Control group, n = 16 cells, 7 mice, -6.714 mV ± 0.705. ChIN activation group, n = 15 
cells, 4 mice, -7.917 mV ± 0.886). Fast afterhyperpolarization is calculated as the maximum difference 
between the AP threshold potential and the membrane voltage in an 8 ms window following spike peak. f. 
ChIN activation during extinction testing did not affect medium hyperpolarization in D1R MSNs (p = 0.769 
for two-sample t-test; Control group, n = 16 cells, 5 mice, 5.331 mV ± 0.381. ChIN activation group, n = 18 
cells, 4 mice, 5.564 mV ± 0.676) or D2R MSNs (p = 0.589 for two-sample t-test; Control group, n = 16 cells, 
7 mice, -7.161 mV ± 0.361. ChIN activation group, n = 15 cells, 4 mice, -7.568 mV ± 0.668). Medium 
afterhyperpolarization is calculated as the maximum difference between the AP threshold potential and the 
membrane voltage in a 16 ms window following spike peak. g. ChIN activation did not affect the first 
interspike interval (the time between the first two evoked spikes) in D1R MSNs (p = 0.410 for group, p = 
0.705 for current *group interaction for D1R MSNs in LMER with group as factor, current as covariate, and 
cell as random effect) or D2R MSNs (p = 0.703 for group, p = 0.286 for current *group interaction for D2R 
MSNs in LMER with group as factor, current as covariate, and cell as random effect). i. Number of action 
potentials evoked as a function of current injected over a 300 ms window in all control (light blue, n = 17 
cells) and ChIN activation (dark blue, n = 18 cells) D1R MSNs. Data used to calculate group means in 
Figure 4u. h. Number of action potentials evoked as a function of current injected over a 300 ms window 
in all control (light red, n = 16 cells) and ChIN activation (dark red, n = 15 cells) D2R MSNs. Data used to 
calculate group means in Figure 4u. 
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