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Optogenetics has revolutionized neuroscience by enabling remote activation or inhibition of
specific populations of neurons in intact brain preparations through genetically targeted light sensitive
channels and pump. Nevertheless, studying the role of individual neurons within neuronal circuits is
still a challenge and requires joint progresses in opsin engineering and light sculpting methods. Here
we show that computer generated holography using an amplified pulse laser combined with high light
sensitive opsins [1,2] enable precise control of neuronal firing with millisecond temporal precision,
single cell resolution and unprecedented low illumination level using cortical brain slices.
We also show a new optical system enabling remote axial displacement of temporally focused
holographic patterns, as well as generation of multiple temporally focused holographic targets
occupying separate axial planes. We demonstrate the capabilities of the system in two different
experimental paradigms. In a first one we use the system to photoconvert, with cellular resolution, tens
of Kaede protein expressing neurons occupying separate axial planes in live zebrafish larvae [3]. In a
second one the set up is used to probe the functional connectivity between the bipolar cell layer and the
ganglion cell layer in the mice retina.
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