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Sample-size calculations were not performed as the effect size was not known before the study. However, sample sizes for the different
experiments presented in this study were matched to published experiments that used similar methodology, model systems and
manipulations.

HEK cell experiments: DOI: 10.1038/s41467-018-06421-9, DOI: 10.1126/science.1249375

Hippocampal slice cultures: DOI: 10.1126/science.1249375, 10.1038/s41467-018-06421-9, DOI: 10.1038/s41598-017-14330-y, DOI: 10.1038/
srep14807

C. elegans experiments: DOI: 10.1016/j.cell.2018.09.026, DOI: 10.1038/nature05744, DOI: 10.1016/j.cub.2005.11.032

D. melanogaster experiments: DOI: 10.1038/s41598-017-14330-y, DOI: 10.1038/nn.4580

Mouse in vivo experiments: DOI: 10.1038/s41593-018-0305-z

Ferret ephys experiments: DOI: 10.1126/sciadv.aar7633

In patch-clamp experiments, we excluded recordings that were not stable throughout the duration of the experiment or where a proper
recording configuration could not be achieved. HEK-cell recordings with a membrane resistance below 500 MOhm or an access resistance
higher than 10 MOhm were excluded as reported in the Methods section. Recordings from hippocampal neurons with a membrane resistance
below 50 MOhm and a series resistance over 25 MOhm were not analyzed. For experiments in C. elegans, we excluded videos of animals
showing coiling behavior, since this restricts recognition by the evaluation software. For recordings in ferret visual cortex, we only considered
contacts that showed a significant modulation upon visual stimulation.

All experiments were replicated multiple times in biologically independent samples (HEK cells, slices, worms, fly larvae, mice, ferrets). The
precise n numbers are reported in the manuscript. In addition, we performed a large number of similar experiments with only slight
modifications, such as expression of the same BiPOLES version from different promoters or using different transduction methods for neuronal
expression (Supplemental figures 11, 15). These experiments had comparable outcomes. Moreover, a number of research groups, not
involved in this study, independently replicated the main findings of this paper already.

In all experiments, the spectral order of light delivery, or the order of light intensities were shuffled. In experiments, where cells were held at
different membrane voltages, this parameter was also shuffled. For in vivo experiments, the conditions were randomized and trials with
different conditions were interleaved. Fluorescent HEK cells were randomly selected for patch-clamp experiments. Hippocampal slice cultures
were randomly chosen for single-cell electroporation or virus transduction. Transgene expressing cells were randomly selected for patch-
clamp experiments, provided they showed intact morphology in the DIC image. For experiments with C. elegans and D. melanogaster,
transgenic animals expressing the transgene of interest were randomly collected from a larger stock. Mice and ferrets were not randomized
since each animal expressed the same transgenes. Randomization was rather performed on the stimulus protocols as described above.

Data analysis of HEK-cell recordings and neuronal recordings was not done blinded, because opsin-mediated effects were apparent in the
recordings and thereby revealed the condition. However, pre-established, semi-automatic analysis pipelines were used that did not permit
dismissal of any data points or experiments by the analyst based on the analysis result. Analysis of C. elegans and D. melanogaster
experiments was done blinded to the light condition. Analysis of experiments in mice and ferrets was done with automatized routines and did
not require blinding.




