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Abstract: The use of channelrhodopsin-2 (ChR2), halorhodopsin (Halo/NpHR), and other
optically sensitive molecules to make neurons sensitive to being activated,
silenced, and perturbed for milliseconds at a time, is beginning to open up new
frontiers in the investigation of how the brain computes. These technologies also
may enable novel therapies to remedy intractable neurological and psychiatric
disorders. However, the spatiotemporally precise delivery of light to arbitrary sets
of neural targets is a big challenge. Clearly the ability to modulate neural activity in
specific cells, within desired brain regions, in a temporally-precise fashion, would
be of great value to the investigation of the full brain, in its three-dimensional
complexity, and in behavioral and clinical contexts.
Here we reveal the elements of a complete, inexpensive, easy-to-use toolbox
comprising: implantable hardware (optical fibers, LEDs, and electrodes),
computational hardware (LED driver circuits), and control software for enabling
specific cells, in specific sets of brain regions, to flexibly yet precisely be
controlled from an ordinary computer. These inventions will be released under an
open source license, accompanied by synthesis tools to enable investigators to
target specific sets of cells and brain regions in vivo. We demonstrate the
functionality and flexibility of this toolbox in the brain of the awake behaving
mouse.
Many thanks to M.H. for sponsoring this poster for J.B., who led the work.
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