











Extended DataFig.10|See next page for caption.



Extended DataFig.10| GRAB,, analyses in ventral striatum and additional
analyses during the probabilistic cue-reward association task in RIM cKO"*
mice. a, Schematicof sliceimaging. b-d, Representative images (b) and
quantification (c,d) of dopamine release monitored by GRAB,, fluorescence
inslices containing the ventral striatum (dashed lines outline the striatum),
evoked by asingle stimulus (b,c) or 10 stimuli (d, 10 Hz), RIM control 10 slices
from4 mice, RIM cKO"*10/4. e,f, Example traces (e) and quantification (f) of
ventral striatum fluorescence variation quantified as standard deviation (SD)
of GRAB,, and of tdTomato raw fluorescence on day 1 ofthe taskin Fig. 5, RIM
control 6 mice, RIMcKOP*7.g,h, Asin eand f, but for dorsal striatumonday 2,
nasine,f. Theinvivo deficits are overall similarin dorsal and ventral striatum.
There might beanenhanced GRAB,, signalin ventral striatal brainslices
compared to dorsal striatum (Fig. 1a-d) in RIM cKO™ mice. This was not
observed withamperometry®, and could be because of differencesin the roles
of RIM, or technical differencesin experiments, or because of detection of

other transmitters by GRAB,,, for example norepinephrine for which
innervation is prominentinventral but not dorsal striatum®*”#%.i, The number
of habituation days for the experiment shownin Fig.5, RIM control 6, RIM
cKOP*7.j, Number of trials that the mice completed during each training phase.
For analyses, only completed blocks were used, nasini.k,l, Anticipatory licks
(k) and peak licks to expected reward during the1s time window from water
onset (I) for each odor during training days1to 7,nas ini.m, Average ventral
striatum GRAB,, odour responses (within3 s from odor onset), nasini.

n-q, Average ventral striatum GRAB,, reward responses (n, p, within201to
1200 ms from water onset) and reward omission responses (0, q, within 1501 to
2500 ms from water onset) for odours1(n,0) and 2 (p,q), nasini.r,s, Total licks
(r, within1to 3000 ms after water onset) and average GRAB,,, fluorescence

(s, within201t0 1200 ms after water onset) for free water,nasini. Dataare
mean + SEM; **p <0.01, ***p < 0.001, assessed by two-sided Mann-Whitney
rank-sumtestsinc,d,f h,i,j.
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Reporting Summary

Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency
in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.

Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
Confirmed

IZ The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

< The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

[ ] Adescription of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

|X’ A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
N Gjve P values as exact values whenever suitable.

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|:| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

XXX O O OX OO0OS

|:| Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  Commercially available software was used for data collection (HCImage 4.2.6.1, Point Grey FlyCap2.13.3.61, Bonito CL-400B/C, ThorCam
3.6.0.6, MATLAB R2020b, Labview 2018) following previously described methodology (PMIDs: 35324301, 33147470, 14566341, 35798979)
and as outlined in the methods section.

Data analysis Commercially available software and open source software (MATLAB R2020b, DeeplabCut) were used for data analyses following procedures
described before (PMIDs: 35324301, 30127430, 33147470, 35798979) and as outlined in the methods section; for statistics, GraphPad Prism
9.3.1 and MATLAB R2020b were used as described in the methods section.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.
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Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

Data points generated for this study are included in the figures whenever possible. Tabulated data for all figures are available at https://zenodo.org/doi/10.5281/
zenodo.13329864. Additional data are available from the corresponding author upon request. Reference data for stereotaxic injections are available at Allen Mouse
Brain Atlas [mouse, P56, coronal]; atlas.brain-map.org (2011); reference 65.

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender No human research participants.

Reporting on race, ethnicity, or  No human research participants.
other socially relevant

groupings

Population characteristics No human research participants.
Recruitment No human research participants.
Ethics oversight No human research participants.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences |:| Behavioural & social sciences |:| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size Sample sizes were determined based on previous studies and are similar to studies published in the field (PMIDs: 35324301, 37812725,
38093002, 35798979, 33345774).

Data exclusions  All data that met quality standards (described in the methods section) were included. No outliers were excluded for comparisons of genotypes
or conditions.

Replication The number of observations is reported in each figure. Data were acquired from multiple animals (mean: 6, range: 3 to 14).

Randomization  Data derived from animals were not randomized, but pooled by genotype and/or condition after analyses by a blinded experimenter were
completed.

Blinding For genotype comparisons, the experimenter was blind to genotype during data acquisition and analyses; for drug treatments, the

experimenter was blind do the condition during data analyses. Data acquisition for drug treatments could not be blinded because the
comparisons were made as pre- vs post-drug treatment, the treatment sequence was essential, and often only one drug was applied.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.
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Materials & experimental systems Methods

n/a | Involved in the study n/a | Involved in the study
Antibodies |Z |:| ChiIP-seq
Eukaryotic cell lines |:| Flow cytometry
Palaeontology and archaeology |Z |:| MRI-based neuroimaging

Animals and other organisms
Clinical data
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Plants

Animals and other research organisms
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Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in
Research

Laboratory animals Conditional RIM1 and RIM2 knockout mice (RIM1floxed, RRID:IMSR_JAX:015832, described in PMID: 19074017; RIM2floxed,
RRID:IMSR_JAX:015833, described in PMID: 21241895), conditional Synaptotagmin-1 knockout mice (Syt-1floxed,
RRID:IMSR_EM:06829, described in PMID: 26280336) and DATIRES-Cre mice (RRID:IMSR_JAX:006660, described in PMID: 16865686)
were used. Intercrosses of these mice as used here were described before (RIM cKODA mice, PMIDs: 29398114 and 34767769; Syt-1
cKODA mice, PMID: 32490813). Surgeries were started at 30 days of age (80 + 48 days; mean + SD) and experiments were completed
at 122 + 67 days of age. Specifically, age ranges (mean + SD) for completion of experiments were: 120 + 71 days for Fig. 1a-d,
Extended data figs. 1a-i and 10a-d), 135 + 78 days for Fig. 1le-t and Extended data fig. 1j-af, 105 + 50 days for Fig. 2 and Extended data
figs. 2-5, 92 + 54 days for Fig. 3 and Extended data figs. 6-9, 103 + 11 days for Fig. 4, and 203 + 21 days for Fig. 5 and Extended data
fig. 10e-s. Mice used in behavioral experiments were housed in a reversed 12 h light-dark cycle in rooms set to 21 to 24 °C and 50%
humidity, and behavioral experiments were conducted during the dark phase of the cycle.

Wild animals The study did not include wild animals.
Reporting on sex Female and male mice were included in all experiments irrespective of sex.
Field-collected samples  The study did not involve samples collected from the field.

Ethics oversight Animal experiments were performed in accordance with approved protocols of the Harvard University Animal Care and Use
Committee.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Plants

Seed stocks No plants were used.

Novel plant genotypes  No plants were used.

Authentication No plants were used.






