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Validation

Sample size was set according to published studies using similar experimental designs (see references). Final sample size was set to 15 mice
per group for optogenetic manipulation of behavior. To investigate cFos overlap at different stages of learning, we used 6 mice per group and
analyzed 6 brain slices per animal. CaMPARI photoconversion during behavior was performed in 2 mice (no statistical analysis). For full
statistical information, please consult Supplementary Table 1.

Mice that showed no transgene expression were excluded from analysis. Mice with off-target implant site or very slow swim speed were not
included in the analysis (numbers provided in Supplementary Table 1). Two batches of immunostainings had (for unknown reasons) very low
fluorescence intensities and were excluded from the expression level analysis in Fig. 2g.

In our study, main sources of variability were 1) stereotactic virus injection (location, injected volume, titer), 2) Fiber implantation (tip
position). 2) motivation / stress level in behavioral experiments, 3) transcardial perfusion and antibody staining procedure (immunoreactivity).
To minimize systematic errors, we performed the water maze experiments in batches of animals that were trained, tested, killed and stained
together. Whenever possible, mice from one batch were assigned to several different experimental groups, e.g. trained and control (home
cage) animals. As we replicated the same experimental treatments and immunohistochemical measurements across several batches of
animals (several weeks apart), we expect the results are robust and reproducible. Information about the number of batches in each
experiment is provided in Supplemental Table 1.

Mice were similar in age and littermates. After surgery, mice were assigned into experimental groups by randomizing the animal ID number to
a group. Except in optogenetic experiments, both sexes were included and counterbalanced. In experiments where a group was further
subdivided into two (e.g. Fig. 3), we performed statistical tests to compare behavioral parameters to ensure there was no selection bias.

All histological image acquisition and analysis were performed blind to experimental conditions. All behavioral analysis was performed by an
automated software. Some swimming tracks contained artifacts (ballon before camera) that were corrected by an experimenter who was
blind to the experimental conditions.

Primary antibodies: Chicken Anti GFP polyclonal antibody, Invitrogen (A10262, Lot 1972783); Rabbit Anti-tRFP (mKate2) antibody,
Evrogen (AB233, Lot 23301040466); Rat anti cFos, Synaptic Systems (226 017, Lot 1-6); Rabbit anti FosB (5G4), Cell Signaling
Technology (#2251, Lot 3); Rabbit anti FosB, Thermofisher (PA5-79280); Mouse anti FosB, Abcam (Ab11959). Anti-Campari2 red
(4F61), Absolute Antibody (AB1649-23.0).

Secondary antibodies (Invitrogen): Rabbit-488, A11008; Rabbit-568, A11011; Chicken-488, A11039; Rabbit-647, A27040; Rat-647,
A21247; Mouse-488, A11029; Mouse-405, A31553.

GFP and mKate antibodies were not reactive in non-AAV injected wild-type mice that do not express shEGFP or mKate2. cFos and
FosB antibodies did not show unspecific reactivity outside the nucleus. Anti-Campari2 red did not bind to non-photoconverted
CaMPARI.




